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ABSTRACT. 2-Bromopropane (2-BP), a halogenated propane analogue, is a substitute for chlorof-
iuorocarbones (CFCs) which have a great potential to destroy the ozone layer and to warm the
earth's environment. The present study was undertaken to evaluate the potential adverse effects of
2-BP on pregnant dams and embryo-fetal development after maternal exposure during the gesta-
tional days (GD) 6 through 17 in ICR mice. The test chemical was administered subcutaneously to
pregnant mice at dose levels of 0, 313, 625 or 1,250 mg/kg/day. All dams were subjected to caesar-
ean section on GD 18 and their fetuses were examined for external, visceral and skeletal abnormal-
ities. In the 1,250 mg/kg group, maternal toxicity included an increase in the incidence of abnormal
clinical signs and a decrease in the maternal body weight, body weight gain, and corrected body
weight. Developmental toxicity included a decrease in the fetal body weight, a reduction in the pla-
cental weight, an increase in the fetal skeletal variation and ossification delay. There were no
adverse effects on either pregnant dams or embryo-fetal development in the 313 and 625 mg/kg
groups. These results suggest that a 12-day subcutaneous dose of 2-BP is embryotoxic at a mater-
nally toxic dose (i.e., 1,250 mg/kg/day) in ICR mice. In the present experimental condition, the no-
observed-adverse-effect level of 2-BP is considered to be 625 mg/kg/day for dams and embryo-
fetuses, respectively.
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INTRODUCTION

2-Bromopropane (2-BP, CAS No. 75-26-3), a haloge-
nated propane analogue, is a substitute for chlorofluoro-
carbones (CFCs) which have a great potential to
destroy the ozone layer and to warm the earth’s envi-
ronment. Because this chemical is nonflammable and
volatile and is easily broken down in the environment
and is less destructive to the ozone layer than CFCs, it
has been used as one of the alternative solvents. In
1995 a cluster of patients with amenorrhea, oligozo-
ospermia, and anemia were discovered in Korean work-
ers exposed to solvent containing 2-BP. Epidemiological
studies suggested that 2-BP might be the causative
agent of these health disorders (Kim et al., 1996, Park
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et al., 1997). Since the outbreak of reproductive disor-
ders after exposure to 2-BP in Korea, several exten-
sive animal studies have been conducted to determine
the potential adverse effects of 2-BP on reproductive,
hematopoietic, central nervous, and immune systems
(Ichihara et al., 1997; Omura et al,, 1999; Son et al,,
1999, Wu et al,, 2002; Yu et al, 1999; Zhao et al,
2002). Maeng and Yu (1997) reported that 2-BP exhib-
ited no mutagenic effects on mouse bone marrow cells
as determined by in vivo chromosome aberration and
in vivo micronucleus tests, but Ishikawa et al. (2001)
showed an induction of micronuclei formation in preim-
plantation mouse embryos after maternal treatment with
2-BP accompanied by a decrease in embryo cell num-
ber. Recent in vitro studies also showed that 2-BP is an
apparent DNA damaging agent (Wu et al.,, 2002; Zhao
et al, 2002). These positive results strongly suggest
that the DNA damage by 2-BP might be involved in the
various toxicities induced by 2-BP. Reproductive organ
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toxicity studies showed that the testicular or ovarian
dysfunction induced by 2-BP exposure resuited from
damaging the early types of spermatogenic cells in
male rats or primordial follicles and their oocytes in
female rats (Omura et al., 1999; Yu et al, 1999).
According to a recent pre- and postnatal developmen-
tal toxicity study (Kang et al., 2002), repeated subcuta-
neous injection of 2-BP to pregnant/lactating femate rats
showed decreased delivery rate, increased peri- and
postnatal deaths, suppressed body weight development,
and increased incidence of reproductive organ dysfunc-
tion of F1 offspring at dose levels of 405mg/kg or
greater. However, the potential adverse effects of 2-BP
on embryo-fetal development have never been studied
yet.

The aim of the present study was to determine the
potential effects of 2-BP on pregnant dams and embryo-
fetal development in ICR mice when administered on
days 6 through 17 of gestation.

MATERIALS AND METHODS

Animal Husbandry and Maintenance

Nulliparous male and female ICR mice aged 10
weeks were obtained from a specific pathogen free col-
ony at Bio Genomics Inc. (Seoul, Korea) and used after
one week of gquarantine and acclimatization. The ani-
mals were housed in a room maintained at a tempera-
ture of 23+3°C and a relative humidity of 50£10% with
artificial lighting from 08:00 to 20:00 and with 13 to
18 air changes per hour. Only healthy animals were
assigned to the study. For mating, two females were
placed into the cage of each male overnight. Success-
ful mating was ascertained by the presence of a vagi-
nal plug, and the following first 24 h was designated as
Day 0 of gestation. Mated females were housed singly
in clear polycarbonate cages with stainless steel wire
lids and were allowed sterilized tap water and commer-
cial rodent chow (PMI Nutrition International, IN, USA)
ad libitum. This experiment was conducted in facilities
approved by the Association for Assessment and Ac-
creditation of Laboratory Animal Care (AAALAC) Inter-
national, and animals were maintained in accordance
with the Guide for the Care and Use of Laboratory Ani-
mals (NRC, 1996).

Test Chemical and Treatment

2-BP was purchased from Aldrich Chemical Co. (Mil-
waukee, WI, USA). The chemical purity was >99% by
gas chromatography. The test chemical was dissolved
in a corn oil (Sigma Chemical Co., MO, USA) aqueous
vehicle and was freshly prepared daily before the treat-

ment. The daily application volume was calculated in
advance based on the most recently recorded body
weight of the individual animal. 2-BP was administered
subcutaneously to pregnant mice from GD 6 through 17
with a dose volume of 5 mllkg body weight. The vehi-
cle control mice received an equivalent volume of cofrn
oil alone. Although the major exposure route of 2-BP is
dermal, the subcutaneous route was selected by rea-
sons that a greater amount of the chemical can be
dosed by the subcutaneous route rather than the der-
mal route, that the subcutaneous dose provides accu-
racy in estimating the amount of test article taken into
the organism, and that the absorption route of these
routes may be similar.

Experimental Groups

Healthy female mice were assigned randomly to four
experimental groups: three treatment groups of 2-BP
receiving 313, 625 or 1,250 mg/kg/day and a vehicle
control group (n=11 inseminated females per group).

Selection of Doses

The dose levels were determined based on the
results of a previous study (Ishikawa et al., 2001) in
which 2-BP at above 900 mg/kg caused an induction of
micronuclei formation in preimplantation mouse embryos
after maternal treatment with 2-BP accompanied by a
decrease in embryo cell number. A dose of 1,250 mg/
kg/day was selected as the highest dose and doses of
625 and 313 mg/kg/day were selected as middle and
low doses, respectively, using a common ratio of 2. This
range of dose levels encompassed the highest dose
levels used by Ichihara et al. (1997), Omura et al.
(1999), and Kang et al. (2002) to determine the repro-
ductive toxic potential of 2-BP.

Observation of Dams

All pregnant females were observed daily throughout
gestation for mortality, morbundity, general appearance
and behavior. Maternal body weights were measured
on GD 0, 6, 9, 12, 15 and 18 and individual food con-
sumption was determined on GD 1, 7, 10, 13, 16 and
18. At scheduled termination (GD 18), all pregnant
females were euthanized by carbon dioxide overdose
and subjected to external and internal macroscopic
examination.

Caesarean Section

The ovaries and uterus of each female were removed
and examined for the number of corpora lutea and the
status of all implantation sites, ie, live and dead
fetuses, early and late resorptions and total implanta-
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tions. Resorption was classified as “early” when only
placental tissue was visible and “late” when placental
and embryonic tissue were visible at caesarean sec-
tion. Live fetuses and their placentas were weighed
individually. All live fetuses were sexed and evaluated
for external morphological abnormalities including cleft
palate. Altermate fetuses were selected for either skele-
tal or visceral examination. The skeletal evaluation of
5% formalin-fixed fetuses was performed after staining
the skeleton with Alizarin Red S and clearing with
potassium hydroxide solution by the modified Dawson’s
method (1926). For the visceral examination of Bouin's
fluid-fixed fetuses, we adapted a freehand razor section-
ing technique (Wilson, 1965) for the head and abdo-
men, and Nishimura’s method (1974) for the thorax.
External, visceral and skeletal findings were classified
as developmental malformations, variations, or retarda-
tions. We have used the terminology suggested in an
internationally developed glossary of terms for struc-
tural developmental abnormalities in common labora-
tory mammals (Wise et al., 1997).

Statistical analysis

Statistical analyses were performed by comparing the
treatment groups with the vehicle control group using
SAS software (SAS Institute, Inc., 1997). The unit of
comparison was the pregnant dam or the litter. Continu-

ous data variables such as maternal body weight, food
consumption, fetal body weight and placental weight
were subjected to one-way analysis of variance (ANOVA),
and Scheffe’s multiple comparison test was conducted
when analytic results were significant (Scheffe, 1953).
The numbers of corpora lutea, total implantations, live
and dead fetuses were statistically evaluated using the
Kruskal-Wallis nonparametric ANOVA (Kruskal and Wal-
lis, 1952), followed by the Mann-Whitney U test when
appropriate. Incidence data such as external, visceral
and skeletal abnormalities were compared using the
Fisher's exact probability test (Fisher, 1970). Male-to-
female sex ratio and the proportions of litters with mal-
formations and developmental variations were com-
pared using the chi-square test and Fisher's exact
probability test. The difference was considered statisti-
cally significant when P<0.05.

RESULTS

Maternal Toxicity

The maternal findings for the pregnant mice treated
with 2-BP subcutaneously on days 6 through 17 of
pregnancy are presented in Table 1. All femaies sur-
vived in both control and treated groups throughout the
study. Pregnant mice of the 1,250 mg/kg group showed
treatment-related clinical signs such as dull fur, reddish

Table 1. Maternal findings of pregnant mice treated with 2-bromopropane during gestational days 6 through 172

2-Bromopropane (mg/kg/day)

Parameters
0 313 625 1250
Number of pregnant animals 11 11 11 11
Body weight (g)
Day 0 31.5+£1.96 3141217 3171267 30.7+£2.19
Day 6 335+225 33.5+£2.39 3381278 3241210
Day 9 36.7+2.34 372+291 3731264 34.6+2.71
Day 12 43.0+3.31 43.6 £ 3.62 43.9 £ 3.01 39.2+4.54
Day 15 5221476 53.0+4.54 53.6+3.70 44.8 £8.10*
Day 18 63.1+£7.10 64.4+6.77 63.0£6.11 49.8 £10.9*
Body weight gain (g)
Days 0~6 (pre-treatment period) 211116 2.1+1.27 21 +1.56 1.7+1.15
Days 6~18 (treatment period) 29.6 +5.58 30.9+£5.20 29.2+1.39 19.6 +£9.13*
Corrected body weight” 400+245 392203 39.4+4.84 34.3 £5.33*
Food consumption (g)
Day 1 6.1+1.30 58+1.54 54+1.04 59+0.92
Day 7 66+1.01 6.8+£1.42 72+£1.49 70111
Day 10 661136 691177 74+1.45 7.1+1.07
Day 13 8.1+1.44 8.7+169 9.0+1.37 8.4+1.86
Day 16 1041218 981274 11.3+3.49 921284
Day 18 8.3+2.89 8.8+268 9.313.55 8.1+201

*Values are presented as means + SD for all pregnant animals.

®Corrected body weight=body weight on gestational day 18 - gravid uterine weight.
*Significant difference at P<0.05 level compared with the control group.
**Significant difference at P<0.01 level compared with the control group.
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tear, and swelling, induration, crust formation and ulcer-
ation at the injection sites, which were dose-dependent
in incidence and severity (data not shown). No treat-
ment-related clinical findings were observed at 625 and
313 mg/kg. Maternal body weight on GD 15 and 18 in
the 1,250 mg/kg group was significantly suppressed when
compared with the vehicle control group. Maternal body
weight gain for the intervals GD 6-18 (treatment period)
and corrected body weight in the group were also sig-
nificantly lower than those in the vehicle control group.
On the contrary, there were no statistically significant
differences in food consumption between the vehicle
control and treatment groups. At autopsy of dams, no
treatment-related pathological alterations were observed
in any treated group (data not shown).

Developmental Toxicity

The reproductive findings for the pregnant mice
treated with 2-BP subcutaneously on days 6 through 17
of pregnancy are summarized in Table 2. No significant
differences were observed in the number of corpora
lutea, implantation, resorptions, dead fetuses, and sex
ratio in the treatment groups, compared with those of
the vehicle control group. The number of live fetuses
per litter in the high dose group was slightly decreased
when compared with the controls (11.1 versus 13.0 for
controls), but it was not considered to be related to
treatment of 2-BP since it was not significantly different
in comparison with controls and did not exhibit a dose-
response relationship. However, the body weights of
male and female fetuses and the placental weight were
statistically significantly decreased in the 1,500 mg/kg

Table 3. External alterations in fetuses from pregnant mice
treated with 2-bromopropane during gestational days 6
through 17

2-Bromopropane (mg/kg/day)

Parameters
0 313 625 1250
Fetuses examined 143 136 152 122
Litters examined 1 1" 1 "
Fetuses with malformations (%)® 0 0 0 3(25)
Litters affected (%)° 0 0 0 3(27.3)
Hematoma 0 0 0 1
Umbilical hernia 0 0 0 2
Malrotated hindlimb 0 0 0 1

A single fetus may be represented more than once in listing
individual defects.
PIncludes litters with one or more affected fetuses.

group, compared with those of the vehicle control
group.

The types and incidences of fetal external malforma-
tions are shown in Table 3. Although the numbers of
malformed fetuses or of litters with affected fetuses in
the 1,250 mg/kg group were increased slightly, the dif-
ferences were not statistically significant between the
groups. External maiformations occurred in 3 of the 122
fetuses, in 3 of the 11 litters, at 1,250 mg/kg. Although
the incidence for fetal external malformations was low,
these findings including hematoma, umbilical hemnia,
and malrotated limb are uncommon in normal ICR mice
(MARTA, 1997; Nakatsuka et al., 1997; Chahoud et al,
1999).

As shown by the data in Table 4, visceral malforma-
tion and variation were observed only a single fetus,

Table 2. Reproductive findings of pregnant mice treated with 2-bromopropane during gestational days 6 through 17

2-Bromopropane (mg/kg/day)

Parameters
0 313 625 1250
No. of females mated " 1 1 11
No. of pregnant animals 1 1" 11 1"
No. of corpora lutea® 155+ 1.81 15.1+1.74 16.4+£2.16 14.1+1.68
No. of implantations® 15.0+2.05 14.4 +1.93 15.9+2.21 13.1+£2.04
No. of fetal deaths 22 22 23 22
Resorptions: Early 15 11 11 15
Late 2 7 3 3
Dead fetuses 5 4 9 4
No. of live fetuses per litter” 13.0£3.41 124 £2.38 13.8+264 11.1£273
Male/female 77/66 70/66 76/76 61/61
Sex ratio (maleffemale) 1.16 1.06 1.00 1.00
Fetal body weight (g): Male® 1.42 £0.08 1.41£0.07 1.39£0.09 1.32 £0.09*
Female® 1.37 £0.12 1.35+0.08 1.33+0.10 1.26 +0.08*
Placental weight (g)* 0.1010.01 0.10 £ 0.01 0.09 £ 0.01 0.08 £0.01*

*Values are presented as means + SD.

*Significant difference at P<0.05 level compared with the control group.
**Significant difference at P<0.01 level compared with the control group.
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Table 4. Visceral alterations in fetuses from pregnant mice ureter.

treated with 2-bromopropane during gestational days 6 The types and incidences of fetal skeletal malforma-
through 17 tions, variations, and retardations are shown in Table 5.
2-Bromopropane (mg/kg/day) No skeletal malformations were observed in any treat-

Parameters L L
0 313 625 1250 ment group. The incidences of skeletal variations were
Fetuses examined 66 65 76 61 25 (32.5%), 24 (33.8%), 33 (43.4%) and 39 (63.9%);
Litters examined 1 11 11 1 retardations 0, 0, 1 (1.3) and 4 (6.6%); in the vehicle
Eetuses with malfogmations (%)? 0 0 0 1(16) control, 313, 625 and 1,250 mg/kg groups, respectively.
'-'“er; affe‘itec_' (%f)l g 8 8 1 (91-1) The incidences of fetuses with skeletal variations and

ypoplasia of lung . . L

Fetuses with variations (%)° 0 0 0 1(16) retardatlons in the 1,250 mg/kg group wgre &gmﬁcaptly
Litters affected (%)° 0 0 0 1(1) increased when compared with .those in the vehlgle
Dilated renal pelvis 0 0 0 1 control group. The predominant signs of skeletal varia-
Dilated ureter 0 0 0 1 tions and retardations were found in rib, vertebra and
an Sing|e fetus may be represented more than once in ||st|ng sternebra. Although the incidences of litters with skele-
individual defects. tal variations and retardations in the group were also

I C .
Includes litters with one or more affected fetuses. higher than those of the vehicle control group, the differ-

ences were not statistically significant. There was some
respectively; malformation observed was hypoplasia of evidence of treatment-related reductions in the ossifica-
the lung and variation dilated renal pelvis and dilated tion of fetal skeleton. The number of ossification centers

Table 5. Skeletal alterations in fetuses from pregnant mice treated with 2-bromopropane during gestational days 6 through 17

2-Bromopropane (mg/kg/day)

Parameters
0 313 625 1250
Fetuses examined 77 71 76 61
Litters examined 11 11 1 1
Fetuses with malformations (%)* 0 0 0 0
Litters affected (%)° 0 0 0 0
Fetuses with variations (%)® 25 (32.5) 24 (33.8) 33 (43.4) 39** (63.9)
Litters affected (%)° 10 (90.9) 9 (81.8) 10 (90.9) 11 (100)
Short 13th rib 1 0 0 0
Cervical rib 0 1 0 2
Full/short supernumerary rib 22 19 22 26
Msshapen sternebra 0 3 3 10
Enlarged fontanel 0 0 0 1
Misaligned sternebra 1 2 2 0
Bipartite ossification of thoracic centrum 0 0 0 1
Bipartite ossification of sternebra 1 1 4 2
Extra sternebral ossification site 0 1 3 2
Fetuses with retardations (%)? 0 0 (1.3) 4* (6.6)
Litters affected (%)" 0 0 1(9.1) 3(27.3)
Incomplete ossification of supraoccipital 0 0 1 3
Dumbbell ossification of lumbar centrum 0 0 0 1
No. of ossification centers®
Sternebra 6.0 6.0+0.04 6.0x012 6.0+0.05
Metacarpals in both forelimbs 8.0 8.0 8.0 8.0
First and 2™ phalanges in both forelimbs 13.7+0.86 13.5£0863 13.3+£1.03 12.7 £1.19*
Third phalanges in both forelimbs 10.0 10.0 10.0 9.9+0.15
Metatarsals in both hindlimbs 10.0 10.0 10.0 10.0
First and 2™ phalanges in both hindlimbs 12.5£1.90 11.8x2.1 11.0+£2.02 10.7 £ 0.72*
Third phalanges in both hindlimbs 10.0 10.0 9.9+0.33 9.7+0.83
Sacral and caudal vertebra 120+ 0.92 1231167 12.2+£1.36 124+ 094

®A single fetus may be represented more than once in listing individual defects.
®Includes litters with one or more affected fetuses.

“Values are presented as means + SD.

*Significant difference at P<0.05 level compared with the control group.
**Significant difference at P<0.01 level compared with the control group.
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of phalanges in fore- and hindlimbs in the 1,250 mg/kg
group was significantly decreased in a dose-dependent
manner, but no significant decrease in fetal ossification
was observed in the 313 and 625 mg/kg groups.

DISCISSION

The present study was conducted to evaluate the
potential developmental toxicity of 2-BP injected suchb-
cutaneously to ICR mice at dose levels of 313, 625,
and 1,250 mg/kg/day on days 6 through 17 of preg-
nancy. The results of the study showed that a 12-day
subcutaneous dose of 2-BP to mice during pregnancy
(days 6 through 17) produced significant embryotoxicity
at a minimally maternotoxic dose in ICR mice.

Treatment related clinical signs, as evidenced by
increased incidence of dull fur, reddish tear, swelling,
induration, crust formation and ulceration at the injec-
tion sites, were observed in the 1,250 mg/kg group.
These findings were limited only at the injection sites
and were maybe attributed to the irritating effects of 2-
BP. Of the adverse clinical signs observed in this study,
increased incidence of swelling at the injection site was
maybe attributed to a direct irritating effect of 2-BP.
Some kinds of clinical signs such as dull fur and red-
dish tears were indications of stress induced by the
treatment of 2-BP. The significant maternal toxicity of 2-
BP, as evidenced by suppression or decrease in the
body weight, body weight gain and corrected body
weight, was also found in the highest dose group. The
significant suppression of maternal body weight, body
weight gain and corrected body weight observed in the
highest dose group indicates that this finding is closely
related to the administration of test chemical, because
this change was remarkable and showed a dose-
response relationship.

The developmental toxicity of 2-BP included a reduc-
tion in fetal body weight and placental weight, an
increase in the incidence of fetal skeletal variations and
retardation, and a fetal ossification delay in the 1,250
mg/kg group. The dose-dependent suppression of male
and female fetal body weights with increasing dose indi-
cates that this finding is caused by the administration of
2-BP. It is well known that a reduction in the fetal body
weight is an indicator of intrauterine retardation effects.
The reduction in fetal body weight was consistent with
the fetal ossification delay, i.e., decreased ossification
centers of phalanges in fore- and hindlimbs. The dose-
related increase in the fetal morphological alternations
with increasing dose suggests that the embryotoxic
effect is closely related to the administration of 2-BP.
The predominant signs of fetal abnormal development

observed at 1,250 mg/kg were detected in rib, vertebra,
and sternebra.

According to the results of previous toxicity studies,
administration of 2-BP to experimental animals caused
various adverse effects on reproductive organs, bone
marrow, central nervous system, and immune system
(Ichihara ef al., 1997, Omura ef al., 1999; Son et al.,
1999; Wu et al, 2002; Yu et al, 1999; Zhao et al,
2002). Reproductive organ toxicity studies showed that
the testicular or ovarian dysfunction induced by 2-BP
treatment resulted from damaging the early types of
spermatogenic cells in males or primordial follicles and
their oocytes in females, indicating that highly proliferat-
ing cells/organs are primary targets of 2-BP (Omura et
al., 1999; Yu et al, 1999). Recently, it was reported that
2-BP induces DNA damage, impairs functional antioxi-
dant cellular defenses, and enhances the lipid peroxida-
tion in culiured Leydig cells (Wu et al, 2002). More
recently, Zhao et al. (2002) reported the formation of N'-
isopropyl guanine as an adduct product with a reaction
of 2'-deoxyguanosin and 2-BP at a physiological condi-
tion. The above results strongly suggest that the DNA
damage by 2-BP might be involved in various toxicities
induced by 2-BP exposure. it has been well described
that most of the DNA damaging agents are highly
embryotoxic in experimental animals (Chung ef al.,
1998; Kim et al., 2003). As for the adverse effects of 2-
BP on embryo-fetal and F1 offspring development, a
recent study by Ishikawa et al. (2001) showed an induc-
tion of micronuclei formation in preimplantation mouse
embryos after maternal treatment with 2-BP accompa-
nied by a decrease in embryo cell number. According to
a pre- and postnatal developmental toxicity study by
Kang et al. (2002), repeated subcutaneous injection of
2-BP to pregnant/lactating female rats resulted in a
decrease in delivery rate, an increase in peri- and post-
natal deaths, and an increase in reproductive organ
dysfunction of F1 offspring at a dose level of 1,215 mg/
kg. The results of above investigators and ours clearly
showed that the environmental pollutant 2-BP is an
apparent developmental toxicant in rat embryo-fetuses
having a very high cell proliferation rate.

In the standardized developmental toxicity study (Kim
et al., 2001, 2003), it is difficult to distinguish between a
direct effect of a test chemical on embryo-fetus and a
secondary effect to matemal toxicity when developmen-
tal effects are observed in the presence of maternal tox-
icity. According to the reports of Khera (1987), maternal
toxicity caused by diverse chemical and physical agents
invariably causes increased incidence of malformed
fetuses and increased number of embryonal resorp-
tions and fetal deaths. In contrast, Chernoff et al. (1989)
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reported that overt maternal toxicity as defined by
maternal lethality and decreased maternal body weight
gain is not always associated with the same defined
syndrome of adverse developmental effects. Thus, the
relationship between maternal toxicity and adverse de-
velopmental toxicity during pregnancy still remains a
critical issue in developmental toxicity studies (Chahoud
et al,, 1999). In the case of the present study, because
the adverse effects of 2-BP on embryo-fetal develop-
ment appeared to be accompanied by maternal toxicity
at a dose level of 1,250 mg/kg, the exact cause and
effect relationship between maternal and developmen-
tal toxicities could not be elucidated. Further in vivo and
in vitro teratogenicity studies are presently underway
to better understand the potential teratogenic effects of
2-BP on embryo-fetal development and to determine
whether the effects on the conceptus were maternaily
mediated.

Based on the results, it was concluded that 2-BP was
embryotoxic at a minimally maternally toxic dose (1,250
mg/kg/day) in ICR mice. In the present experimental
condition, the no-observed-adverse-effect level of 2-BP
is considered to be 625 mg/kg/day for dams and embryo-
fetuses, respectively.
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