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Fetuses with external, internal and/or skeletal malformations
and/or variations were found in all groups. The malforma-
tions and variations observed in the present study are of the
types that occur spontaneously among the control rat fetuses
[23-26]. At40 mg/kg bw/day, significantly higher incidences of
the total number of fetuses with external and skeletal malfor-
mations were detected, and significantly higher incidences of
individual types of external and skeletal malformation were also
noted. At 20 mg/kg bw/day, the incidence of the total number
of fetuses with skeletal malformations was significantly higher

than that of control group. Although the incidence of individual
" types of skeletal malformation was not significantly increased
at 20 mg/kg bw/day, types of external and skeletal malforma-
tions observed at this dose were the same as those observed
at 40 mg/kg bw/day. Consideration of the sum of these find-
ings suggests that a conservative estimate of the LOAEL for
the teratogenic dose of DTG is 20 mg/kg bw/day in rats when
administered during the time of implantation to the term of
pregnancy. DTG caused suppression of body weight gain and
neurobehavioral changes in dams and abnormally morphologi-
cal development and developmental delay in the offspring of rats
at 20 and 40 mg/kg bw/day. Therefore, the teratogenic effects of
DTG at doses without maternal toxicity, a selective teratogenic-
ity of DTG, was not found in the current study. There are no
available reports in which the developmental toxicity of DTG is
assessed in any other animal species. Further studies are needed
to confirm the reproductive and developmental toxicity of DTG
in additional species. Developmental neurotoxicity and multi-
generation studies are also required to support the conclusion of
the prenatal hazard of DTG.

In conclusion, DTG caused matermal neurobehavioral
changes and decreased body weight gain at 20 mg/kg bw/day
and higher, embryonic/fetal deaths and lowered fetal weight
at 40 mg/kg bw/day, and increased incidence of fetuses with
malformations at 20 mg/kg bw/day and higher when adminis-
tered during the time of implantation to the term of pregnancy
in rats.
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Abstract

Dibutyltin dichloride (DBTC]I) has been shown to be teratogenic in rats. The present study was conducted to determine the teratogenic potential
of DBTCI given to pregnant monkeys during the entire period of organogenesis. Cynomolgus monkeys were dosed once daily by nasogastric
intubation with DBTCI at 0, 2.5 or 3.8 mg/kg on days 20-50 of pregnancy, the whole period of organogenesis. The pregnancy outcome was
determined on day 100 of pregnancy. In both DBTCl-treated groups, a significant increase in the incidence of pregnant females with soft stool
and/or diarrhea, and with yellowish stool was observed. Maternal body weight gain at 3.8 mg/kg and food consumption at 2.5 and 3.8 mg/kg were
decreased during the administration period. The survival rate of fetuses at terminal cesarean sectioning was decreased in the DBTCl-treated groups
and significantly decreased at 2.5 mg/kg. There were no changes in the developmental parameters of surviving fetuses, including fetal body weight,
crown-rump length, tail length, sex ratio, anogenital distance and placental weight, in the DBTCl-treated groups. No external, internal or skeletal
malformations were found in the fetuses in any group. Although internal and skeletal variations were found, no difference in the incidence of fetal
variation was noted between the control and DBTCl-treated groups. No effect on skeletal ossification was observed in fetuses in the DBTCl-treated

groups. The data demonstrate that DBTCI is embryolethal but not teratogenic in cynomolgus monkeys.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Organotin compounds are widely used in agriculture and
industry. The most important non-pesticidal route of entry of
organotin compounds into the environment is through the leach-
ing of organotin-stabilized polyvinyl chloride (PVC) by water
[1], and its use in antifouling agents, resulting in the entry of
organotin into the aquatic environment [2]. Disubstituted organ-
otin compounds are commercially the most important deriva-
tives, being used as heat and light stabilizers for PVC plastics
to prevent degradation of the polymer during melting and the
forming of the resin into its final products, as catalysts in the
production of polyurethane foams, and as vulcanizing agents for
silicone rubbers [3,4]. The identification of dibutyltin (DBT) and
tributyltin (TBT) in aquatic marine organisms [5.6] and marine
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0890-6238/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi: 0. 1016/j.reprotox.2006.09.003

products [ 7] has been reported. TBT is degraded spontaneously
and biochemically via a debutylation pathway to DBT in the
environment [8,9]. Organotin compounds are introduced into
foods by the use of pesticides and antifoulants and via the migra-
tion of tin from PVC materials [4].

We previously demonstrated that tributyltin chloride (TBTCI)
during early pregnancy caused early embryonic loss [10-12],
and TBTCI on days 10-12 and on days 13-15, but not on days
7-9 of pregnancy, produced fetal malformations in rats [13]. The
predominant maiformation induced by TBTCI was cleft palate
[13,14]. 1t has been reported that TBT is metabolized to DBT
and MBT, and DBT was metabolized to moncbutyltin (MBT)
[15-17]. DBT is also reported to have toxic effects on reproduc-
tion and development in rats [18)]. The oral administration of
dibutyltin dichloride (DBTC]) during early pregnancy caused
early embryonic loss in rats [19-21]. The oral administration of
DBTCI to rats throughout the period of organogenesis resulted
in a significant increase in the incidence of fetuses with malfor-
mations {22], and rat embryos were highly susceptible to the
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teratogenic effects of DBTCI when it was administered on day 7
and 8 of pregnancy (23]. Dibutyltin diacetate (DBTA) [24-28],
dibutyltin maleate, dibutyltin oxide, and dibutyltin dilaurate [26]
were teratogenic in rats when administered orally. Developmen-
tal toxicity studies on butyltins suggest that the teratogenicity
of DBT is different from that of tetrabutyltin (TeBT), TBT and
MBT in its mode of action because the period of susceptibility
to teratogenicity and the types of malformations induced by
DBT are different from those induced by TeBT, TBT and MBT
[29.30]. DBTCI had dysmorphogenic effects in rat embryos in a
whole embryo culture system [31,32]. DBT was detected in rat
maternal blood at 100 ng/g and embryos at 720 ng/g at 24 h after
gavage of DBTA at 22 mg/kg on day 8 of pregnancy [27]. The
dysmorphogenic concentrations of DBTCI in cultured embryos
were within the range of levels detected in maternal blood
after the administration of a teratogenic dose of DBT. These
findings suggest that DBT itself is a causative agent in DBT
teratogenesis, which may be due to direct interference with
embryos.

As described above, the teratogenic effects of organotin com-
pounds, including DBT, were extensively investigated in rodents
[18]. No reports on the assessment of the teratogenicity of DBT
in any other species are available. 1t appears that conclusive evi-
dence in support of the teratogenicity of DBT is still lacking,

because the teratogenicity of DBT only has been reported in a
single animal species. Studies in non-rodents would be of great
value in estimating the teratogenicity of DBT in humans. The
present study was conducted to determine the teratogenic poten-
tial of DBTCI given to pregnant cynomolgus monkeys during
the entire period of organogenesis.

2. Materials and methods
2.1. Animals

Cynomolgus monkeys (Macaca fascicularis) were used in this study. The
monkeys were obtained from Guangxi Primate Center of China (Guangxi,
China) through Guangdong Scientific Instruments and Materials Import/Export
Co. (Guangzhou, China). The monkeys were quarantined for 4 weeks, and con-
firmed to be free from tuberculosis, Salmonella and Shigera. The animals were
maintained in an air-conditioned room at 23.0~29.0 °C, with a relative humidity
of 45-58%, under a controlled 12/12 light/dark cycle, with a ventilation rate of
15 air changesthour, and were housed individually, except during the mating
period. The monkeys were fed 108 g/day of diet (Teklad global 25% protein pri-
mate diet; Harlan Sprague-Dawley Inc., Madison, USA) and tap water ad libitum
from automatic lixit devices. Healthy male and female monkeys were selected
for use. Only females showing 25-32 days menstrual cycles were used in the
experiment. Each femnale monkey was paired with a male of proven fertility for
three consecutive days between days 11-15 of the menstrual cycle. The visual
confirmation of copulation and/or the presence of sperm in the vagina were
considered evidence of successful mating. When copulation was confirmed, the

Table 1
Maternal findings in monkeys given DBTCI on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 25 3.8
Number of pregnant fermales 12 12 10
Number of females showing toxicological signs
Death 0 0 0
Soft stool/diarrhea 1 12 10°
Yellowish stool 0 8 8
Vomiting 0 3 3
Initial body weight 3.53+0.59 349043 3.79+0.36
Body weight gain during pregnancy (g)°
Days 0-20 76114 421160 73+142
Days 20-51 57+237 —242+423 —556 £ 526"
Days 51-100 710£162 155+ 174 848 +263
Food consumption during pregnancy (g/day)”
Days 20-21 918 93+23 76133
Days 23-24 9127 71£31 55+31°
Days 27-28 T1+28 4719 374347
Days 30-31 63+32 33+15° 22410°
Days 34-35 88+25 53+42 23+17"
Days 37-38 8628 S3+£42° 25+£24°
Days 4142 . 87+27 59+ 59 36£29°
Days 4445 95+22 62+ 40 41£31°
Days 4849 98+ 18 70148 59+44
Days 51-52 94120 97+24 71+39
Days 55-56 102+12 107+2 10020
Days 58-59 1067 108+0 104£10
Days 62-63 106+7 108+£0 106+5
Days 80-81 1080 10840 10810
Days 90-91 106+7 108+0 1080
Days 99-100 1080 10810 10810

® Values are given as the mean +=S.D.
* Significantly different from the control, p <0.05.
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median day of the mating period was regarded as day O of pregnancy. Preg-
nancy was confirmed on day 18 or 19 of pregnancy by ultrasound (SSD-4000,
Aloka Co., Mitaka, Japan) under anesthesia induced by intramuscular injection
of 5% ketamine hydrochloride (Sigma Chemical Co., St. Louis, USA). Pregnant
females, weighing 2.51—4.50 kg on day 0 of pregnancy, were allocated randomly
to three groups, each of 10-12 monkeys, and housed individually. Animal exper-
iments were performed at Shin Nippon Biomedical Laboratories, Ltd. (SNBL;
Kagoshima, Japan) during 2004-2005 in compliance with the Guideline for Ani-
mal Experimentation (1987) [33], and in accordance with the Law Concerning
the Protection and Control of Animals (1973) [34] and the Standards Relating to
the Care and Management of Experimental Animals (1980) [35]. This study has
been approved by the Institutional Animal Care and Use Committee of SNBL
and performed in accordance with the ethics criteria contained in the bylaws of
the committee of SNBL.

2.2. Dosing

The monkeys were dosed once daily with DBTCI (lot no. GGO1, 98% pure,
Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan) at 0, 2.5 or 3.8 mg/kg by nasogastric
intubation on days 20-50 of pregnancy, i.e., the entire period of organogenesis
[36]. Dosing was terminated in the dams in which embryonic/fetal loss occurred.
The dosage levels were determined from the results of previous studies in rats,
in which DBTCI administered by gavage at 7.6 or 15.2mg/kg on days 0-3
and days 4-7 of pregnancy caused significant increases in pre- and/or post-
implantation embryonic loss in rats [19-21], and in which DBTCI by gavage
at 5, 7.5 or 10.0mg/kg throughout the period of organogenesis resulted in a
significant increase in the incidence of fetuses with malformations [22}. DBTCI
was dissolved in olive oil (Wako Pure Chemical Industries, Ltd., Osaka, Japan).
The dose volume was adjusted to 0.5 ml/kg of the most recent body weight. The
control monkeys received olive oil only.

2.3. Observations

The pregnant monkeys were observed for clinical signs of toxicity twice aday
during the administration period and once a day during the non-administration

period. The body weight was recorded ondays 0, 20, 27, 34,41, 51, 60, 70, 80, 90
and 100 of pregnancy. The food consumgption was recorded ondays 20, 23,27, 30,
34,37,41,44,48, 51, 55, 58, 62, 80 and 90 of pregnancy. Embryonic/fetal heart-
beat and growth were monitored using ultrasound under anesthesia induced by
intramuscular injection of 5% ketamine hydrochloride on days 25, 30, 35, 40, 50,
60,70, 80, 90 and 99 of pregnancy. In the dams in which embryonic/fetal cardiac
arrest was confirmed by ultrasound, necropsy was performed under anesthesia
induced by intraperitoneal injection of pentobarbital Na (Tokyo Kasei Kogyo
Co.,Ltd., Tokyo, Japan). The uterus, including the embryo/fetus and placentaand
ovaries, was rernoved from the maternal body and stored in 10% neutral buffered
formalin. Dead or aborted embryos/fetuses were morphologically examined.

Terminal cesarean sectioning was performed on day 100 of pregnancy, under
anesthesia induced by intramuscular injection of 5% ketamine hydrochloride
(0.1-0.2 ml/kg) and inhalation of isoflurane (0.5-2.0%, Dainippon Pharma-
ceutical Co. Ltd., Osaka, Japan), and contraction was induced with atropine
(0.01 mg/kg, Tanabe Seiyaku Co. Ltd., Osaka, Japan). The fetus and placenta
were removed from the dams. The placenta was weighed and stored in 10%
neutral buffered formalin. Dams that underwent cesarean sectioning were not
necropsied.

Fetal viability was recorded, and the fetuses were anesthetized by intraperi-
toneal injection of pentobarbital Na and euthanized by submersion in saline for
30-40min at room temperature. Fetuses were sexed and examined for exter-
nal anomalies after confirmation of the arrested heart-beat. Fetal and placental
weights were recorded. The head width, tail length, crown-rump length, chest
circumference, paw and foot length, distance between the eyes, umbilical cord
length, volume of amniotic fluid and diameters of the primary and secondary
placentae were measured. After the completion of external examinations, fetuses
were examined for internal anomalies. The peritoneal cavity was opened and the
organs were grossly examined. The brain, thymus, heart, lung, spleen, liver, kid-
neys, adrenal glands and testes/uterus and ovaries were weighed and stored in
10% neutral buffered formalin. The eyeballs, stomach, small and large intestine,
head skin and auricles were stored in 10% neutral buffered formalin. Fetal car-
casses were fixed in alcohol, stained with alizarin red S [37] and examined for
skeletal anomalies. The number of ossification centers of the vertebral column,
and lengths of the ossified parts of the humerus, radius, ulna, femur, tibia and
fibula were recorded. Histopathological evaluations were performed on single

Table 2
Reproductive and developmental findings in monkeys given DBTC! on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 2.5 38

Number of pregnant females 12 12 10
Number of fernales with embryonic/fetal loss 1 8 4
Number of females with live fetuses until terminal cesarean section 11 4 6
Number of live fetuses at terminal cesarean section 11 4 6
Sex ratio of live fetuses (male/female) 6/5 173 313
Body weight of live fetuses (g)

Male 133+13 125 112+24

Female 118+ 12 10820 118+13
Anogenital distance (cm)”

Male 20+£0.2 19 1.7+£04

Female 1.0+£0.1 1.0£0.2 1.0+0.1
Crown-rump length (cm)*

Males 12.8+0.6 124 124107

Female 12604 123105 12.6+0.1
Tail length (cm)®

Male 11.8£1.2 11.8 11407

Female 119+ 08 1L7£1.7 124106
Placental weight (g)° 42472 389+6.2 375+£9.1
Number of a single placenta 1 1 ) 3

® Values are given as the mean+ S.D.
* Significantly different from the control, p <0.05.
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placentas and accessory spleens after fixation, paraffin embedding, sectioning
and staining with hematoxylin and eosin.

2.4. Analysis of plasma steroids hormone levels

Blood samples were collected from the femoral vein on day 51 of preg-
nancy, 24 h after the last administration of DBTCL. The plasma was separated
and stored at 80 °C for the later assay of steroid hormones. Plasma progesterone
and 178-estradiol were measured by Teizo Medical Co. Ltd. (Kawasaki, Japan)
using liquid chromatography-electrospray ionization Tandem Mass Spectrom-
etry (LC-MS/MS, Applied Biosystems/MDS SCIEX). The detection limits of
plasma progesterone and 178-estradiol were 10.0 pg/ml and 0.25 pg/ml, respec-
tively. The intra- and inter-assay coefficients of variation for 17p-estradiol were
below 6.4 and 8.9%, respectively. The intra- and inter-assay coefficients of vari-
ation for progesterone were below 9.0 and 7.9%, respectively.

2.5. Data analysis

The data was analyzed by MUSCOT statistical analysis software (Yukums
Co. Ltd., Tokyo, Japan) using the dam or fetus as the experimental unit [ 38). Data
were analyzed using Bartlett’s test [39] for the homogeneity of variance. When
the variance was homogeneous, Dunnett’s test [40] was performed to compare
the mean value in the control group with that in each DBTCI group. When the
variance was heterogeneous, the data were rank-converted and a Dunnett-type
test [41] was performed to compare the mean value in the control group with that
in each DBTCI group. The incidences of maternal and embryonic/fetal deaths
and anomalous fetuses were analyzed by Fisher's exact test. The 0.05 level of
probability was used as the criterion for significance.

3. Results

Table | presents maternal findings in monkeys given DBTCI
on days 2050 of pregnancy. No maternal death occurred in any
group. In both DBTCl-treated groups, a significant increase in
the incidence of females with soft stool and/or diarrhea, and with

15

yellowish stool was observed. Soft stool and/or diarthea were
observed in one of the 12 females in the control group and in
all females of the DBTCl-treated groups. In both groups treated
with DBTCI, yellowish stool was noted in eight females and
vomiting was observed in three females. Body weight gain on
days 0-20, during the pre-administration period, did not signifi-
cantly differ among the groups. Body weight gain on days 20-50,
during the administration period, was lower in the DBTCI-
treated groups, and significantly decreased at 3.8 mg/kg. No
significant decrease in body weight gain on days 51-100, during
the post-administration period, was found in the DBTCl-treated
groups. Food consumption during the administration period was
significantly reduced at 2.5 mg/kg and higher. Relatively marked
decreases in the body weight gain and food consumption were
observed in dams showing abortion or embryonic/fetal death.
The reproductive and developmental findings in monkeys
given DBTCI on days 20-50 of pregnancy are shown in
Table 2. The incidence of females with embryonic/fetal loss
was increased in the DBTCI-treated groups, and a significant
difference was noted at 2.5 mg/kg. Embryonic/fetal loss was
observed in one of the 12 females in the control group, eight
of the 12 females in the 2.5 mg/kg group and four of the 10
females in the 3.8 mg/kg group. Abortion occurred on day 30
of pregnancy in the control group, and on day 35, 44, 46, 49 or
60 of pregnancy at 2.5 mg/kg. Embryonic/fetal death was found

- on day 35, 40 or 64 of pregnancy at 2.5 mg/kg, and on days

38, 40 or 50 (two embryos) of pregnancy at 3.8 mg/kg. External
examinations was performed in five of the eight embryonic/fetal
losses at 2.5 mg/kg and four of the four embryonic/fetal losses at
3.8 mg/kg, and no anomalies were detected. Eleven, four and six
females in the control, 2.5 and 3.8 mg/kg groups, respectively,

Table 3
Morphological findings in fetuses of monkeys given DBTCI on days 20-50 of pregnancy
Dose (mg/kg)
0 (control) 2.5 38
Number of fetuses examined 11 4 6
Extemnal examination
Number of fetuses with malformations 0 0 0
Internal examination
Number of fetuses with malformations 0 0 0
Number of fetuses with variations 0 0 1
Accessory spleen 0 0 1
Skeletal examination
Number of fetuses with malformations 0
Number of fetuses with variations 0 1 1
Short supernumerary rib 0 1 1
Degree of ossification” .
Number of ossified centers of vertebral column 53.6+0.8 53.0£1.2 54241.0
Skeletal length (mm)®
Humerus 23.6+0.8 233+13 236+1.2
‘Radius 23.0+1.0 23+16 23.1+1.7
Ulna 246+10 239%15 243422
Femur 223+1.2 21.8+13 27+16
Tibia 215+13 205+ 1.7 21714
Fibula 19.8+1.0 19.0+18 199+1.6

® Values are given as the mean £ S.D.
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( pg/mit) Plasma progesterons ( po/mi) Plasma 17-estradio}
3500 250
30001 200 |
2500 F
150 b
2000 } 0 0 mg/kg (control)
1s00| SDBTCI 2.5 mg/kg
100} QDBTCI3.8 mgfhkg
1000}
50 F
500 |
o] 0

Fig. 1. Plasma progesterone and 17B-estradiol levels in pregnant monkeys given DBTCI on days 20-50 of pregnancy. Blood samples were collected on day 51 of
pregnancy, 24 h after the last administration of DBTCL. Values are given as the mean + S E.M. of 5-10 monkeys.

had live fetuses at terminal cesarean sectioning. There were no
significant differences between the control and DBTCI-treated
groups in parameters of fetal growth, such as body weight,
crown-rump length and tail length. No significant differences
in the head width, chest circumference, paw and foot length,
distance between the eyes, umbilical cord length, volume of
amniotic fluid and diameters of the primary and secondary pla-
centae were also noted between the control and DBTC]-treated
groups (data not shown). No significant differences between the
control and DBTCl-treated groups were found in the sex ratio
of live fetuses, anogenital distance or placental weight. A single
placenta was observed in one dam in the control group, one dam
in the 2.5 mg/kg group and three dams in the 3.8 mg/kg group.

Table 3 shows the morphological changes in fetuses of mon-
keys given DBTCI on days 20-50 of pregnancy. No external,
internal or skeletal malformations were found in fetuses in any
group. Although internal and skeletal examinations revealed one
fetus with an accessory spleen at 3.8 mg/kg, and one fetus with a
short supernumerary rib at both 2.5 and 3.8 mg/kg, no difference
in the incidence of fetuses with variation was noted between the
control and DBTCl-treated groups. There were no differences
between the control and DBTCl-treated groups in the number of
ossified centers of the vertebral column or length of the humerus,
radius, ulna, femur, tibia or fibula.

Although a significant decrease in the absolute weight of
the brain and lung, and increase in the relative weight of the
spleen were observed in male fetuses at 3.8 mg/kg, no signifi-
cant difference in the relative weight of the brain and lung or in
absolute weight of the spleen was detected between the control
and DBTCl-treated groups. There were no differences in abso-
lute and relative weights of the fetal thymus, heart, lung, liver,
kidneys, adrenal glands or testes/uterus and ovaries between the
control and DBTCl-treated groups (data not shown). Histopatho-
logical examinations revealed no abnormalities in single pla-
centa and accessory spleen, and the histological structures of
single placenta and accessory spleen were similar to those of
normal placenta and spleen.

Plasma progesterone and 17f3-estradiol levels are shown in
Fig. 1. Although higher levels of plasma progesterone were
observed in the DBTCl-treated groups, no statistically signif-
icant difference was noted between the control and DBTCI-

treated groups. There were no significant differences in the
plasma 17B-estradiol levels between the control and DBTCI-
treated groups.

4. Discussion

In previous studies, the teratogenic effects of DBT were
investigated in rats. The teratogenicity of DBT should be
studied using other animal species to gain a better understand-
ing of the developmental toxicity of butyltins. Non-human
primates appear to provide an especially appropriate model
for teratogenicity testing because of their high ranking on the
evolutionary scale [42]. The close phylogenetic relatedness of
old world monkeys to humans appears to render them most
desirable as models in teratology studies [43]. The similarities in
placentation and embryonic development indicate considerable
value in the use of monkeys for investigating the developmental
toxicity of chemicals {44]. In the present study, we determined
the developmental toxicity, particularly the teratogenicity, of
DBTCI in monkeys after administration over the entire period of
organogenesis.

The doses of DBTCI set in the present study were expected
to induce maternal toxicity, such as decreases in maternal body
weight gain and food consumption, and were given to monkeys
during organogenesis to characterize the effects of DBTCI on
embryonic/fetal development. Toxicological sign, as evidenced
by the significant increase in the incidence of pregnant females
showing soft stool/diarrhea and yellowish stool, was found at
2.5 and 3.8 mg/kg. A significant decrease in the maternal body
weight gain accompanied by significantly reduced food con-
sumption was noted at 3.8 mg/kg. A significant decrease in
food consumption was also found at 2.5 mg/kg. These maternal
findings indicate that more severe adverse effects on pregnant
females were noted at 3.8 mg/kg and DBTCI exerts maternal
toxicity at 2.5 mg/kg and higher when administered during the
entire period of organogenesis in monkeys.

Embryonic/fetal loss was observed in one dam in the control
group and eight dams in the 2.5 mg/kg group and four dams in the
3.8 mg/kg group. The increased incidence of pregnant females
with embryonic/fetal loss was observed at 2.5 and 3.8 mg/kg, and
a significantly increased incidence of these females was found
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at 2.5 mg/kg. Embryonic/fetal loss occurred on days 35-64 of
pregnancy at 2.5mg/kg, and on days 38-50 of pregnancy at
3.8 mg/kg. The embryonic mortality during organogenesis in
cynomolgus monkeys of 2.4-18.2% has been reported [45].
Binkerd et al. [46] also noted that post-implantation embryonic
loss was 5.4% in vehicle control pregnancies in developmental
toxicity studies. Average abortion rate in cynomolgus monkeys
was 26.1% in control data from 24 teratogenicity studies, and
most of the abortions (66.7%) occurred during organogenesis
[47]. In the background control data from 1994 to 2004 of
the laboratory that performed this study, the post-implantation
embryonic loss was 8.8% (29 of the 330 pregnancies). Because
the incidence of embryonic/fetal loss in the DBTCI-treated
groups was greater than in the historical control values, it was
considered to be due to the administration of DBTCI. The data
indicate that DBTCl at 2.5 mg/kg was sufficient to induce embry-
onic/fetal loss and the latter half of organogenesis was more
susceptible for DBTCl-induced embryonic loss in cynomolgus
monkeys.

We previously reported that DBTCI during early pregnancy
caused pre- and post-implantation embryonic loss in pregnant
rats {19,20] and that DBTCI suppressed uterine decidualization
and reduced the levels of serum progesterone in pseudopreg-
nant rats at doses that induced implantation failure [48]. We
also showed that the suppression of uterine decidualization
was reversed by administration of progesterone in pseudopreg-
nant rats [48], and that progesterone protected against DBTCI-
induced implantation failure {21]. Based on these findings, we
hypothesized that the decline in serum progesterone levels was a
primary factor for the implantation failure due to DBTCl in rats.
However, no significant changes in plasma progesterone levels
were noted in monkeys after the administration of DBTCI during
organogenesis. The peripheral serum progesterone levels during
the first 8 days of pseudopregnancy were essentially similar to
those found in pregnant rats, and the serum progesterone levels
rose steadily to a peak on day 4 and remained at a plateau of
approximately 70 ng/ml until day 8 of pseudopregnancy [49). In
cynomolgus monkeys, plasma progesterone levels had distinct
two peaks, one about 15 days postbreeding and another at about
days 23-25, the progesterone decline which followed the sec-
ond peak reached minimal levels (1-2 ng/ml) by about day 45 of
pregnancy, and progesterone levels increased gradually through-
out the rest of pregnancy with average levels of approximately
4 ng/ml [50]. In our previous study [48], rat blood samples were
obtained on day 4 or 9 of pseudopregnancy. At these stages,
progesterone levels could be steadily rising or remained at a
platean in pseudopregnant rats. In the present study, blood sam-
ples were collected from pregnant monkeys that were carrying
their offspring and had not suffered from miscarriage on day
51 of pregnancy. At this stage, progesterone levels could be
remained at a nadir in pregnant cynomolgus monkeys. The dis-
crepancy in the effect of DBTCI on serum progesterone levels
between rats and monkeys may be explained by the differences
in the status and stage of pregnancy: Further studies are required
to characterize more precisely the relationship between embry-

onic Joss and maternal progesterone levels in monkeys given
DBTCL.

Decreases in the absolute weights of the brain and lung, and
an increase in the relative weight of the spleen, which were
observed in male fetuses at 3.8 mg/kg, were not thought to de
due to the toxic effects of DBTCl on fetal development, because
these changes were not found in female fetuses and differences
were not detected in the relative weight of the brain and lung or
the absolute weight of the spleen in male fetuses. Any adverse
effects on the parameters of fetal growth were also not detected
in the surviving fetuses of dams given DBTCI. These findings
indicate that DBTCl is not toxic to fetal growth at up to 3.8 mg/kg
when administered over the entire period of organogenesis. Pla-
cental examinations revealed single placenta in all groups. In
the background control data of the laboratory that performed the
present study, the incidence of single placenta over a period of 10
years was 0-66.7% (mean = 13.0%, 26 of the 213 pregnancies).
Histopathological examinations of single placenta revealed no
changes, and the histological structure of single placenta was
similar to that of normal placenta. These findings indicate that
the single placenta observed in the present study was of no tox-
icological significance.

In the morphological examinations of the fetuses of exposed
dams, a few fetuses with morphological changes were found in
the DBTCl-treated groups. An accessory spleen was observed
in one fetus at 3.8 mg/kg, and a short supernumerary rib was
found in one fetus at both 2.5 and 3.8 mg/kg. In the background
control data of the laboratory that performed the present study,
the accessory spleen over the last 10 years was not observed.
Leemans et al. [5]] noted that the exact frequency of acces-
sory spleen is not known, but is estimated to be between 10 and
30% in humans, and the immunohistological structure of the
accessory spleen was similar to that of the normal spleens. In
the present study, histopathological examinations of the acces-
sory spleen revealed no changes, and the histological structure
of accessory spleen was similar to that of the normal spleen.
The accessory spleen observed in the present study contained
only a minute amount of accessory tissue, and it was not consid-
ered to be a malformation. Short supernumerary rib is classified
as skeletal variation [52], and the incidence of this change in
the historical control data of the laboratory that performed the
present study was 13.3% (31 of the 240 fetuses). DBTCI caused
no skeletal retardation, as evidenced by no significant changes
in the number of ossified centers of the vertebral column or the
length of the humerus, radius, ulna, femur, tibia or fibula. Cha-
houd et al. [53] noted that variations are unlikely to adversely
affect survival or health, and might result from a delay in growth
or morphogenesis; the fetuses otherwise following a normal pat-
tern of development. Furthermore, morphological examinations
of aborted or dead embryos/fetuses in the DBTCl-treated groups
revealed no anomalies. Considered collectively, these findings
suggest that the morphological changes observed in the fetuses
in the present study do not indicate a teratogenic response, and
that DBTCI possesses no teratogenic potential in cynomolgus
monkeys.

In conclusion, the administration of DBTC] to pregnant
cynomolgus monkeys throughout organogenesis had an adverse
effect on embryonic/fetal survival, but had no adverse effects
on fetal morphological development, even at a maternal toxic
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dose level. The data from the present study indicate that DBTCI
shows embryonic/fetal lethality in monkeys.
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BRRAEMERER (TS LVT, 400 ppm (1440 mg/m?®) THBRUBIREROKEM, A FAET
o LRILDOERMNED SN, NOAEL (% 100 ppm (360 mg/m®) &&ht-, v k186
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BRI, 0. 25. 100 U 400 ppm %38 5 HiRgE L 1= 4 BEIRERASHRKEEZHS LT, 100 ppm
(360 mg/m?® KLETA FAESTOE Y LRILOLAEMNEH S5H NOAEL IZ 25 ppm (90 mg/m?)
ESht=,

Sv kA5 BT 13:8M. 0. 25. 75 RU 225 mg/kg/day #H B ORS L -RESOH
S55ERRTIX. 25 mg/ke/day LETHEMMEAM, BREXVFROEREMNZH LA, RIE
SftE LOAEL) (X 25 mg/kg/day & &hi=, Ff=. v FBE 5 BT 13:8M. 0. 40. 125
B U 400 mg/kg/day ZHEHEZOHRE L -REZOBRSHESERAR TIE. 40 mgkg/day BLET
ARAETOEULRILDLEENADNT=, 400 mg/kg/day DIHESBEEIZH Shi-—BIEDH
BERLS . ESHEREREBOHONEN ST, 5Y MZ 0. 4, 20 RU 100 mg/kg/day 34
HROKZS L= 28 BEREZEORESSMHREBTIE. 20 mgkg/day L G I@BK Rk
DOLRBRURBAOEE (5 -, fsHEMTTE, ANE DT HEREM) NEH5h. NOAEL
(% 4 mg/kg/day & Shi=. #S5 v FZ0. 250 U 500 mg/kg/day ZHGHEARES L1-FSit
ERET 51200 28 AMREROESSHHEBRICEVT. FRLF F OV —LRBRERENH L
A o f=A. 250 melkglday B ETHSILE FA L OMMAESHSh. LOAEL Ix 250
mg/kg/day & Eht=,

Z v MZEKA 0. 312, 625, 1,250, 2,500 BT 5,000 ppm (B & Z. BEIZ 0. 25, 50. 100.
175 U 280 mg/kg/day. BEIZ 0. 30. 65. 120. 215 RU 335 mg/kg/day) TS5 L1- 138
FREROHRSEMERERICHE VT, 625 ppm Bl E THEEICEMMEBOKEBEHESD S5 h. NOAEL
(% 312 ppm (25 mglkg/day) & Shitz, £l=. MR X (Z&kAKH 0. 625, 1,250. 2,500. 5,000
KU 10,000 ppm (&5 & €. B 0. 110, 200, 515, 755 B U 1,330 mg/kg/day. M= 0, 145,
340. 630. 1,010 &R 3,170 mgkg/day) TEEL - 13 BRREEORESHHARBRICE LT,
1,250 ppm KL E CHOEBROBITERBEEMNHA 5. NOAEL I 625 ppm (110 mg/kg/day)
LEht=,

BEES v M ZZEAT 2 BRERURELME. #TIEE 48 B, HTIHITEMMR UL REHE
3 B%T.0.10.30 R U100 mg/kg/day Z3EHMEO X5 L-EORSHS ERESERE (OECD
TG 421) TiX. 10 mg /kg/day LL L CHBEICEBOS M, GREE. HrEniZENABLL
f=o BOLXFEELEROREICRIFTRZEIZEH 5NT . NOAEL (% 100.mg/kg/day (BERE) &
Sht-, #HTIE 100 mg/kg/day THREEHEME %R LTI-DT. NOAEL (% 30 mg/kg/day & &
hit-,

F v O (Fo) (C3ZEAT 10 :8A 55 13 8. 0. 10. 100 RV 200 mg/kg/day Z3&H

{LZEMREER $2EE 15 (2006.6) 163—175 B
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gO/S5 L. &5I, M F (ZZEAT 10 8, 551 1380, 0. 10. 100 ZU 200 mg/kg/day
FRMBOHRS LE-ZHARRESHERRTIL. 10 mg/kg/day ELET Fo R U Fi O (CRE5 &
MOANEDT) UAFNBOH LI £RERESHICETIREEIZDS5NT. NOAEL &
200 mg/kg/day (RERR) & Ehie, |
5w DR 6-15 AIZ 0. 60, 200 B 600 mg/kg/day Z34HHEOHRSE L - RESEHAR
(OECD TG 414) Tlx. 60 mg/kg/day UL E CREADIRBIBXMNA o hT- M, RE~ADEEZEL .
BHohd. £4EF D NOAEL (X 600 mg/kg/day & ht=, T, D9 XDHEIR6-18 AIZ
0. 8. 14. 24 BV 40 mg/kg/day Z#HFHEOHRE LI-EFHERKE (OECD TG 414) TlE.
40 mg/kg/day THREOCHEIEDY XORTHH b, 24 mgkg/day Bl L TRV Y XOHRED
ETHMHESHOAI-C LD, BEEMED NOAEL X 14 mg/kg/day. RAEHED NOAEL (% 24
mg/kg/day & Eht=,
In vitro BRU in vivoDBIEEHERBOBRLI S X LEVHE LRESEZRITVEERSH
t=o
2 4EME. S v M0, 15, 75 RU 374 ppm. MEETHORIZ 0, 15, 75 RU 375 ppm %
1B 66/, B5 ARBEL-REVABREABRTIE, #S5 v +D 374 ppm (1,331 mg/m3) &
U< A M 375 ppm (1,335 mg/m® THEAADEMAZEH 5h=,
4) fERLBE
 APEEFWESLSETh, RERSERVHESREEOEMAEAREM RSN,

(2) 2,4,6-Tribromophenol (118-79-6) (R : ICCA BEFL %)
1) BREIRR

AME ISR AFEARUEORMALE LTHVLATVWS, HROFRETHIIE, HE
FRBITEC YISV, ZPEOREN SBBRICHHT STRMENHD. BEBRBOTER
BIIBRARUEREBEALOND,
2) MERR

APERKRKUIKRE ShIBE, # 2%NRRUEEFY . 9 21%HKBIZ, ¥ 48%H 'L
BIZHHT 5. APHEIZSBRETCEEVS, BREPTEYSBL EDECENBREERE
BOD : 49%). #Ff=. KEEWMICH T ZEMRMWEEE <AL (BCF : 513). KEEWIZHT
ZRMBE TR, BHE0 ECold0.76 mg/L (72 BRI, 4£RMET : OECD TG 201). I £>a0D
ECso % 0.26 mg/L (48 B¢, &5kBHE : OECD TG 202). M LCsold 1.1 mg/L (96 BFRA.

{EEEHREEE F2%2F 15 (20066 163—175 H
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OECD TG 203) TH 1=, 2B TI. FHD NOEC X 0.22 mg/L (72 R, £ RHEE :
OECD TG 201)., £¥>2a® NOEC 1% 0.10 mg/L (21 BfEl. %5EME : OECD TG 211) TH

mn

21,
3) REER

AYEILHEEN SECHCRINEh, FOMMIKBEShTEICRPIZHHREINh S,

5 v FOREROKSSHEBR OECD TG 401) TO LDwo (3 1,486 mglkg, 5 FOEME
ERB5EMRER (OECD TG 402) TO LDwlE 2,000 mg/kg BLE. 5y FOBERABR
BT LCro & 50 mg/L ERESA TNV,

DYXORBIZH L TRBEEEHS AL, BICH L TIEhEEORBMNA ST,
ELEY MBSV TEREEENED SN,

5w MIXERH 2 BERUXEE 2SS, M TIXE 48 B, M TIXHREHE 3 BE T,
0. 100. 300 B U 1,000 mg/kg/day ZHHMEOH/REL-RERS SN - £EHRESHHARR
(OECD TG 422) Tif. 300 mg/kg/day A EDMETHRENH SN, ESICHTOEI LT F
ZoDEEMNEO R EN L. REKZS5SHMED NOAEL (X 100 mg/kg/day & Ehiz. &&
FAB® 1,000 mg/kg/day THEBOEMBREIZRIFTESFRO AR, HE 4 BOEFEEL
WHEORUV4BOBKENEBEZRLIZC NS, RTIX 1,000 mg/kg/day TREMNHAEH S
h, £HERESMED NOAEL IZ 300 mg/kg/day & Ehi=,

HETAWLIERERERSRTIIEETH Tz, Fr41=—X - NLRXI—IEEWMRERA
WEHRBHERBREBTIE, EHLETIHEETH 155 S mix FETRUIEFET O K65
WETIEARREROBREANZOHON NS, FAKERERBTIIBMELNRINT-,
LHOLGENS, invivo TCORIDADMEEBRTIIBRSETRGREARICBVTIESETH /-
CeEmn, AMEIL invivo TIHBESHEZRA LGV EHERESI
4) @RLEE

FPBEREFWEHESHh, BERZEREOREAN L LTOEARDEMBAEN RSN,

(8) Cyanoguanidine (461-58-5) (JRIE{ER : ICCA RALR)
1) BERERWRS.

FYHRBAS IR ITT7OVBRENRERH. LREHCARLTEDORH. THREFIH
FREH. RER. EER. SR%H. HERBRL LTALLATVLS, -, MEERE
e LTAERRERARDRREE TS, BERBOIELBEIBARUBRESZS

{LREMREEE F 25515 (2006.6) 163—175 H
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h3., £, AYEEZELEGHI 5. RARUVERERBICESHEERZOTEMENH 5.
2) RieR

AMENKBICHE Sh-1B8E8. KEOLBIZERALEL, KAOLBICHE S h1-IBE.
FICKBELRIZHHT 5. ZVHEBEBICEDIR LGV, KELEMNZE T EYEELE
IX{ELY (BCF : <3.1. OECD TG 305C). KEAMI-HT H21EBIETIE. FEFED ECso (X 935
mg/L.NOEC 1% 171 mg/L (72 B/ £ &KBE: OECD TG 201) . £ 2> a® ECeso [%>1,000 mg/L
(48 B5R9). HKFATE : OECD TG 202). AHD LCs [£>100 mg/L (96 B¥fE. OECD TG 203) T
Hot=, BB TIE, 22 a0 NOEC X 25.0 mg/L (21 BRE. %5EEE : OECD TG 211).
FRIAD LCeo (3>100 mg/L (14 AfE). AMERBMHE : OECD TG 204) THo 1=,

3) REE®

Sy FOBRIZOREEMFAEBRTO LDso I% 30,000 mg/kg KLE EBEETATLVS,

ELEY FOBERICH L TREENED SN, TILEY FIBEVWTHERBEREH NG
Mot

Sy MR 2 BMARUXEFEZES, ETIXE 44 B, BTEOBREHE 3 BE T,
0. 40. 200 B U 1,000 mg/kg/day ##HBOHKRS LE-REZS S - LHRESHHERER
(OECD TG 422) Tl¥. BERBED 1,000 mg/kg/day THREZXSSHERUVEERESIECE
THEEIZOohYT RERSSHEETERESMONOAEL(X 1,000 mg/kg/day & Eht=,

AEZRAVIEREBRERBBRUF r4 ——X « NLRS—IEBEREAV LK
RETERMEH - ehD. APHITBESHEZRBLEVEERESI:,

v MZ25M 0. 2.5 RU5.0% (BEETIZ 0. 837.2..&0 1958.6 mg/kg/day. £ TIE 0. 1001.3
B U 2169.2 mg/kg/day) ZEREHRESLERNMAMBRICENT,. EEREEZDOLRITEDH SN
Btz
4) BREYS

AMEIFILP EBE ST,

(4) 1-Chloro-2-(chloromethyl)-Benzene (611-19-8) (RIE{ERK : ICCA HALR)
1) BRRR
AMEIREOTMAL LTALL ATV S, AVEERIAOTRHETHY . HEFRE
BIYit<,, BEBRZOTEZBEIVARUEREFZ N D,
2) REER
{LFEMREEE F28F 15 (20066)163—175 R
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AMEHAKEIZHE Ih-1BE. £ T4%NAKBIZEETY . #1200 KRIZ. #8%.05%R
. 7N LIRICHHT S, EPENKRKUTHHSAEBE, H64%AKRRITCEFY. B
35% N LIRICHMT 5, AMPHENLEICHHESIABE. KEROKBIZIIFH LAV, FZHE
RBEBICEMAMULEVA, KEEMCETIEMBRIESENLE SIS, KEEMI=H
TH2MEMETIE. FHEO ECsolE 0.78 mg/L (72 BfEl. £RKMEE : OECD TG 201). 2221
0 ECro 1% 0.38 mg/L (48 BFRA. itskFEE : OECD TG 202). AMED LCs 1% 0.27 mg/L (96 B
f. OECD TG 203) THhot=, BIEBHETIE. $MnD NOEC I 0.045 mg/L (72 BRI, £ KM
#: OECD TG 201). £ £> 2 NOEC (% 0.020 mg/L (21 BRS. $RAEE : OECD TG 211) T
Hot=.

3) ERER

5y hOMEEOHES5SERERE TS LDwolE 350~951 mglkg T 1, MERKSMER
BRI 5LV T4 FORE LDw IF 1,700~2,200 mglkg. 5 + DK LDeo (£ 2,000 mg/kg BLE.
S FOBEMRASHAE (OECD TG 403) TO LCw X 2.8 mg/L L HIE S i, EIEYHE
OBREE (B, KIE. i) (SRR 58BEMEEN3IEFRECShi.

9 EORE ERIZH L THRIEARD Shis,

S k218 68M. 0. 0.01. 0.03 21 0.10 mg/L %:8 5 ARE L1 4 BRIREBRASHE
& (OECD TG 412) Tid. 0.10 mg/L THEEDEM,. SHE. KERUVIAEXDEE. |
FRAEX) VR EDY) VBB ENED Sh, NOAEL 1% 0.03 mg/L, L HIEShi=,

Sy Mo 2 EMRUXEMMES D, BT 45 BH. BTRIREEE 3 BT
0. 2. 10 RU 50 mg/kg/day ZHHZEORE L=RExESM - £ERESHHSHE (OECD
TG 422) TlX. 10 mg/kg/day A ED B, 50 mg/kg/day DIIZRIBRORE. RELRDEE,
UBARVEENZO b h, RERSEMO NOAEL (X T 2 mg/kg/day. T 10 mg/kg/day
taht-, £SERE BT IZEBIIBHOAT . £ERLESHED NOAEL (I 50 mg/kg/day

(BREAR) L&hi-,

HEZAVAEREARERERTIES) mix FERUFFET TIRETH-1-H. SOImix I
ﬁE?‘GEL‘B&ﬁ-Eﬁ;Tﬁ%%Han:O FroA=—X - NLRF-EBBREZAVDIEEHK
RERRTIEL. ARSHEETTHERCEVT S mix FERUFFET CBIETH 1z LA L,
invivo TOX I ADIMEIRBCIIBESTRLERERAERCEVTHBETH LMD, AYH
(& in vivo CIXBEEMZRBLEVEERES L.

4) @Rt _
EEDRAEE H25% 1 5 (20060 163175 B
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AMEIZLP LBEEINT-,

(5) 1,4-Dimethyl-2-(1-phenylethyl)benzene (6165-51-1) (B ABHF{ERL)
1) BERR

ZME(L PCBs OREMHE L LTAVWSh, BEEAEHCIVTFUoY—F /L ELTER
ThTW, APHEZECHSHI LD, RARUEERERICLSHEBEFREOTENELNH S,
BERSZOIEEREIVARURRESZS AN S,

2) BisER

APEMNLIBORKUKE A EBEEEICTIRICHHAL. KBISHE ShBESEXICHE
BYI=HNHT S, REEMEIBEZ(EMAEE LGV (OECD TG 301C) #*. KELEMIZET
AEPREEES <L EDMBRESY BCF : 760-620. OECD TG 305). KEEMIZHT S
SitSM T, FED EColX0.93-1.54 mg/L LE (72 Bffl. £&REE : OECD TG 201). I
£330 ECe 1% 0.25 mg/L (48 B, #kEEE : OECD TG 202) . #¥E®D LCso I3 0.31 mg/L (96
BER. OECD TG 203) T#Ho1=, 1B4E1ETIE. FEHD NOEC 1% 0.047-0.73 me/L (72 B,
4 EAE : OECD TG 201). =< >a® NOEC I 0.009 mg/L (21 BRE. %JEMAE : OECD TG
211) TH- Tz,

3) BEEW

Sv FOHEIROBSHMERE (OECD TG 401) TlXk.&EME 2,000 mgkg ORE5H& 1~2
Bic, #1EEVHE2EORTHBHSN. LDw (& 2,000 mgkg KLLEFX ST,

S MCKEH 2 BREUXRABEZES. HTIXEH 47 B, ETESREME 3 BET.
0. 12.5. 50 RU 200 mg/kg/day Z#EHROKRSE LE-REZSSMN - FERESHHFSHB
(OECD TG 422) Tl&. #TIZ 12.5 mg/kg/day UL CRIBROEREBRUVRKTHRERLNHS
Sh. HTIE 200 mgkg/day TCHERDEERC/NEPOEFMBIEXAZO SNz, Thb
DEEN S, REBSSHICHET 580 LOAEL & 12,5 mgkg/day. #0D NOAEL (X 50
mglkg/day & Ehiz, £ERESHICET 3 RBEZO 5T ERERESHD NOAEL I 200
mgkg/day (REAR) Leht-,

HEZAVAERERTREBRUF v =—X - NLARS—EEERZAVIREKRE
RERTIIBES b D, APHLBEESHEEZRALGVEHERSN .

4) WREENE _

ZMBEEFWEHESHh, BRIV PCBREME LTOEA. £, XNHEZSTHEOUY

{LFEDRETE H2%5 15 (2006.6) 163—175 ”
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A NVBRIZESC, RRBRE. BEBRZERVARERZEOEMARN RS L,

(6) Ammonium chloride (12125-02-9) ([RI{ERL : ICCA BELH)
1) BERR

APEEEICKARARHELTERASIATVS, BARUERICK YV HEBBREOTREMEM
Hd. BEBRZOTEBRIIBARUBEREEI DN D,

2) RIS

RIEBICHEEINIBE. AYMEET U2V LAF O RUEEMA 2 LB Y KBIZHSHT
B, EMRBRICETET—RIXENH, PUEZTF (NHs E£1=13 NHA) (FEMARFBT S0
BRAGHEEICK > THEMEINh, BEEBA A4 (NO2) &b, £z, NHs. NHe+. Cl-i34E
POXERRERTH D KEEDICHT 2B TIZEHO ECso (% 1,300 mg/L (5 AR,
ARMERT). P20 LCwld 101 mg/L (48 B, #EkKEEE) . AIED LCeolE 96.2-218 mg/L
(96 B THo1=, BHESMHTIE. FHED NOEC ¥ 26.8 mg/L. (10 BR. £RHEB). =P
3® NOEC (% 14.6 mg/L (21 Affl. %AEFAE). RED NOEC I¥ 8.0-23.9 mg/L (28 F1=1% 44
BfE) TH-o1=.

3) BEEE

APHEITHLEEI SFEOMZRRESh, FRT7I/BO2 AV EOARICHASNS,

HEZEOHESSHEBTIE. LDs0 & 1,630 mgkg (5 v F). 1,220 mg/kg (5 v +). 1,300
mgkg (#THR) LMEht, BEERELT, Sy FTIITRELE, EX. REISNT
Hoh, BEIDVRATIEITH. F7/—t. £2HEHTHBHLAT-,

DYHXORBRURIZH L THEEOHBMENEH O NIz, ELEY MIBWTRERAEM
EHhEhotz,

S +IZ 12,300 ppm (684 mg/kg/day) % 70 BRMIREAIRS L-REBRSSHFABTIX. &
HREIXEH 5N T, NOAEL (%684 mg/kg/day & &ht-, £l 5 v FOEIE7-10 HIZ 8.9
mg/kg/day ZEMEORE L-BRTIEX. SHESHRURESMHEICHT IEEXEBHShiGH
2t

HREAVSERERETRABTIIEMETH -, S9 mix FFETCITbAE=Fyr4=—
X NLRAS—BBEREZAVILARREEARTEBETH o105, ChiZEHBEOBEMEE
ITERALESREHES AT, invivo TOTIRAD/NMIRERCIXIRSARGEESHERICS LT
LRHETHS -2 DD, invwtBVWTCEESHIREIGWEERS AT,

LAY EER F2%F 15 (2006.6) 163—175 H
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