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Evaluation of the Effect of BAL (2,3-Dimercaptopropanol) on Arsenite-Induced Teratogenesis 
in Mice. HOOD, R. D., AND VEDEL-MACRANDER, G. C. (1984). Toxicol. Appl. Pharmacol. 73, 
l-7. The effect of the chelating agent dimercaprol (BAL) on the embryotoxic and teratogenic 
effects of arsenite (As’+) was determined. BAL (SC, 30 mg/kg) was administered to pregnant CD- 
1 mice, either 8 and 4 hr prior to or 4 and 8 hr after a 12-mg/kg ip dose of arsenite; other 
females received a single sc injection of 60 mg/kg BAL concurrently with the arsenite. Treatments 
were given on Gestation Day 9 or 12 (copulation plug = Day I). Controls received sc corn oil 
or ip HzO, with or without arsenite or BAL. Arsenite treatment caused gross and skeletal mal- 
formations and prenatal deaths, while controls were unaffected. When BAL was given prior to 
arsenite on Day 9, incidences of prenatal mortality and skeletal malformation were significantly 
diminished, and on Day 12, BAL protected against fetocidal effects of arsenite when given 
concurrently with the arsenite. No other significant protective effects against arsenite toxicity 
were seen due to BAL; however, concurrent BAL treatment on Day 9 appeared to result in 
decreased fetal mortality and a decline in skeletal malformations. BAL given following arsenite 
on Day 9 afforded no significant protection against the arsenic, although an apparent decrease 
in gross and skeletal malformations was suggestive of such an effect. According to these results, 
BAL is unlikely to have a practical beneficial effect on the arsenite exposed conceptus, because 
it must be administered prior to the teratogen (or perhaps simuhaneously with it) to be effective. 

Inorganic arsenite (As3+) is a teratogen in the 
mouse, hamster, and chick (Hood, 1972; Birge 
and Roberts, 1976; Peterkova and Puzanova, 
1976; Baxley et al., 198 1; Harrison and Hood, 
198 1; Willhite, 198 1). Arsenate (As”) has 
similar effects on the conceptus; however, 
when used at doses equally toxic to the mother, 
the pentavalent form is capable of producing 
a higher malformation rate than is the trivalent 
state (Ferm and Carpenter, 1968; Hood and 
Bishop, 1972; Hood et al., 1978). It has also 
been established that both arsenite and arse- 
nate reach the mammalian conceptus follow- 
ing maternal exposure, although arsenite is 

’ This work was supported by Grant ROI OH009 12 
from the National Institute of Occupational Safety and 
Health. 

the more toxic of the two (Hood et al., 198 1, 
1982). 

Previous studies of agents that provide pro- 
tection against arsenic teratogenesis (e.g., se- 
lenium, BAL) dealt with arsenate (Holmberg 
and Ferm, 1969; Hood and Pike, 1972). Nei- 
ther, however, addressed the question of 
whether the teratogenesis of trivalent arsenic 
could be similarly affected. Pregnant animals 
treated with arsenite and an arsenic chelator 
should not respond identically to those sim- 
iliarly exposed to a chelator and arsenate. Fac- 
tors such as differences in presumed mecha- 
nism of action of As3+ and As’+ (sulthydryl 
poisoning versus substitution for phosphate, 
respectively), retention (arsenite is retained 
longer), and metabolism (arsenite metabolism 
results in a greater proportion of the mono- 
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2 HOOD AND VEDEL-MACRANDER 

valent metabolite) of the two arsenic species 
in pregnant mice (Hood et al., 198 1, 1982) 
argue for such a concept. BAL (British Anti- 
Lewisite) is an arsenic chelator frequently used 
to reduce the toxic effects of arsenic in man 
and domestic animals (Levine, 1970). Because 
BAL might be administered to an arsenic in- 
toxicated pregnant woman, we employed it 
to determine if it could alleviate arsenite-in- 
duced teratogenesis in mice. 

METHODS 

Mature (27 to 35 g) CD-I albino mice (Charles River 
Breeding Laboratories, Wilmington, Mass.) were mated, 
and the day a vaginal plug was seen was considered Ges- 
tation Day I. Mated mice were housed in shoe box cages 
with hardwood chip bedding and given feed (Wayne Lab 
Blox, Allied Mills, Chicago, Ill.) and water ad lib&urn. 
Mice were kept on a 12/ 12-hr light/dark cycle at 22 f  2°C 
and 40 to 60% relative humidity. 

BAL was administered at 4-hr intervals, based on the 
4-hr regimen common in human chelation therapy 
(Grollman, 1965). Pregnant mice were subjected to one 
of the following on Days 9 or 12 of gestation: ( 1) aqueous 
sodium arsenite (12 mg/kg ip in a volume of 10 ml/kg 
body wt) or (2) BAL in corn oil (CO) 8 and 4 hr prior 
to. concurrently with, or 4 and 8 hr following arsenite. 
The BAL was given sc at two sites in the nape of the neck, 
at a dose of 30 mg/kg per injection. The total BAL dose 
was 60 mg/kg, with a volume of 3 ml/kg body wt. The 
amounts of BAL given were based on previous results 
with BAL and arsenate (Hood and Pike, 1972). Additional 
groups of control females were given the solvent vehicles 
(distilled water or CO) alone or in combinations, with or 
without BAL, while another group remained untreated 
(for details, see Tables I-3). The gestation days for arsenite 
treatment were chosen based on previous data (Hood, 
1972). Day 9 treatment was expected to result in a max- 
imum level of malformed fetuses and Day 12 treatment 
in a high level of prenatal mortality. Use of both days 
allowed testing of a wider range of possible outcomes. 

Mice were killed with ether on Day 18 of pregnancy 
and their litters examined for prenatal mortality. Live 
fetuses were observed for gross external defects and 
weighed. Two-thirds of the available fetuses were then 
cleared and stained by the method of Crary (1962) and 
examined for skeletal defects. Fetuses were not examined 
for visceral anomalies, since previous results indicated 
their frequency would be low (Baxley et al., 1981). Sta- 
tistical analyses on fetal weights were done by ANOVA 
followed by SNK multiple range tests (Winer, I97 1) cor- 
rected for unequal replicate numbers (Nie et al.. 1975). 
Malformation and prenatal mortality data were analyzed 
by the rank sum procedure of Wilcoxon and Wilcox ( 1964). 

The litter was the treatment unit on which all analyses 
were based. 

RESULTS 

Treatment with arsenite alone resulted in 
a high rate of prenatal mortality, whether 
treatment was given on Day 9 (58%) or 12 
(87%) of gestation (Tables 1 and 2). Gross and 
skeletal malformations, predominately exen- 
cephalies, open eyes, and fused ribs, were also 
observed following Day 9 treatment with ar- 
senite alone, but there was no significant effect 
on fetal weight. No malformations were as- 
sociated with Day 12 arsenite treatment. 
Treatment with arsenite and corn oil resulted 
in effects similar to those seen with arsenite 
alone, and solvent controls were similar to 
untreated controls (Table 3). The only excep- 
tions were significantly lower fetal body 
weights seen in the Day 9 groups given arsenite 
and corn oil concurrently or given arsenite 
followed by corn oil. 

When BAL was given twice on Day 9 prior 
to arsenite, it had a protective effect, allowing 
enhanced survival of the conceptus. A pro- 
tective effect with regard to skeletal malfor- 
mations was also associated with the Day 9 
BAL pretreatment. Mortality of conceptuses 
exposed to BAL concurrently with arsenite on 
Day 9 appeared to be less than that observed 
in litters exposed to arsenite alone, although 
the difference observed was not statistically 
significant (Table 1). There were no statisti- 
cally significant protective effects of BAL when 
given after Day 9 arsenite exposure, although 
the apparent decrease in the frequency of gross 
malformations and skeletal defects is sugges- 
tive of such an effect (Table 1). The data from 
Day 9 thus indicate that the outcome of BAL 
treatment was a protective effect, if an effect 
occurred at all, although not all results were 
statistically significant. Additionally, the types 
of malformations seen were similar in the ar- 
senite treated groups whether or not they were 
also exposed to BAL. 

Concurrent administration of BAL and ar- 
senite on Day 12 of gestation resulted in pro- 
tective effects with regard to fetal survival; 
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TABLE 2 

THE EFFECT OF BAL ADMINISTERED WITH SODKJM ARSENITE TO PREGNANT 
MICE ON GESTATION DAY 12” 

Treatment 

Type 

Ash 

Corn oil X 2d + As 
BALX2d+As 

Dose 
@WW 

12 

12 
12 

Litters Implants 
(NJ (d + SE) 

24 (6)’ 10.0 * 0.77 

Pretreated 

20 (2) 9.0 + 0.01 
21 (6) 10.1 + 0.01 

Concurrent 

Dead or Mean fetal 
resorbed weight 

m) (g + SE) 

87 0.92 k 0.07 

73’ 0.92 f  0.03’*’ 
71’ 0.95 * 0.11 c.’ 

As + corn oil 

As + BAL 

12 20 (9) 8.8 f  0.01 95’ 0.97 + 0.13Q 
12 
60 

21 (10) 12.9 + 0.52 29 0.97 + 0.03”” 

Post-treated 

As + corn oil X 2’ 12 25 (5) 10.3 + 0.01 83’ 1.03 s 0.10”’ 

As + BAL X 2’ 
12 
30 23 (4) 9.0 f  0.09 81’ 1.04 f  0.07’,’ 

’ No significant incidences of gross or skeletal malformations were seen. 
* Given ip. 
‘Numbers in parentheses indicate deaths of additional treated dams. 
dGiven SC in two doses 8 and 4 hr prior to arsenite. 
’ Not significantly different from litters exposed to arsenite alone. 
JLh Values for prenatal mortality, weight, or malformations sharing the same superscripts in a given column and 

treatment category (pre-, post-, or concurrently treated) did not differ (p > 0.05). 
’ Given SC in two doses 4 and 8 hr after arsenite. 

however, no protection was observed when 
BAL was administered prior to or after arsenite 
(Table 2). 

No statistically significant adverse effects 
attributable to BAL were observed following 
any treatment on either Day 9 or 12. Although 
in some cases (e.g., BAL concurrent with or 
following H20, Day 9), the prenatal mortality 
data were suggestive of an embryotoxic effect 
of BAL, the decreased survival was neither 
significant nor was it consistent. 

DISCUSSION 

Exposure of pregnant mice to sodium ar- 
senite by ip injection produced similar out- 

comes to those seen previously by Hood 
(1972). Decreased fetal survival was the most 
prominent outcome following all arsenite 
treatments, although exposure to arsenite on 
Day 9 also resulted in gross external and skel- 
etal malformations. The apparent decrease in 
prenatal growth following corn oil treatment 
on Day 9 (concurrent with or following ar- 
senite) was unexpected, however, since no such 
effect was seen in the similar groups given 
BAL in corn oil, or in any other control group. 

BAL had no significant teratogenic or fe- 
totoxic effect. This finding agrees with the re- 
sults of Hood and Pike (1972), who had in- 
jected BAL sc at a dose of 50 mg/kg in SAF/ 
ICR mice on Day 9 alone. Nevertheless, the 
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TABLE 3 

DATA FROM PREGNANT CONTROL MICE GIVEN BAL, VEHICLE, OR No TREATMENT” 

Treatment Dead or 
Litters Implants resorbed 

Dayb Type 0’) (N + SE) (%I 

9 HzOd 16 10.9 + 0.60 4 
H20d, corn oil’ 52 13.2 + 0.40 8 
H,Od, BAL’ 49 13.1 f  0.31 11 

12 HzOd 16 12.8 f  0.50 8 
HzOd, corn oil’ 55 (1)’ 12.8 _+ 0.04 11 
Hz04 BAL’ 49 (1) 12.9 f  0.26 10 

Untreated 21 11.8 + 0.76 5 

a No significant incidences of gross or skeletal malformations were seen in these controls. 
b Gestation day of treatment. 
’ No statistically significant differences were seen. 
dGiven ip. 
’ Given sc. 
/Numbers in parentheses indicate deaths of additional treated dams. 

Mean fetal 
weight c 
(g ,+ SE) 

1.04 + 0.04 
1.01 + 0.02 
1.02 + 0.02 

0.97 f  0.03 
1.00 f  0.02 
1.03 + 0.02 

1.06 f  0.05 

current results are dissimilar to those obtained 
by Hood and Pike (1972) with regard to pro- 
tective effects of BAL against pentavalent ar- 
senic in pregnant mice. In the earlier study, 
only concurrent treatment protected against 
skeletal defects, and all treatments (50 mg/kg 
BAL 4 hr before, concurrent with, or 4 hr after 
40 mg/kg ip sodium arsenate) had a protective 
effect against gross malformations. In addition, 
all three treatments protected against inhibi- 
tion of fetal growth caused by arsenate. De- 
creased fetal growth was not observed with 
arsenite treatment in the present study; there- 
fore, no protective effect could be compared. 
Protection was not seen against arsenite-in- 
duced malformations, and only pretreatment 
significantly affected the incidence of skeletal 
defects. Since the two studies were dissimilar 
with respect to strain of mouse, valence state 
of arsenic, and dose and timing of BAL treat- 
ment, the results would not be expected to be 
identical. Also, the pharmacokinetics of ar- 
senite and arsenate in the mouse conceptus 
following maternal injection late in gestation 
differ (Hood et al., 1981, 1982). Initial uptake 
was similar following treatment with arsenic 
at either valence state, but arsenite was re- 

tained at greater levels from 4 to 24 hr after 
treatment. Nevertheless, it is of interest that 
in both the current study with As(II1) and that 
of Hood and Pike (1972) with As(V), at least 
some of the adverse effects of inorganic ar- 
senicals on the conceptus were diminished. 

Timing of arsenic exposure during preg- 
nancy appeared to be a factor in the outcome 
of BAL treatment of arsenic-exposed litters. 
For example, BAL given prior to arsenite de- 
creased prenatal mortality on Gestation Day 
9 but not on Day 12. In the current study, 
BAL was given following arsenite to determine 
if therapy might be of benefit after arsenite 
exposure. The two additional treatments (BAL 
given prior to or concurrent with arsenite) were 
used to ascertain if the influence of BAL on 
arsenite treated animals was dependent on the 
order in which exposure to the two agents 
occurred. The possibility of such a result was 
suggested by findings with BAL and arsenate 
(Hood and Pike, 1972) and with cadmium, 
selenium, and arsenate (Holmberg and Ferm, 
1969). 

Previous studies with rats and rabbits found 
that SOW of an injected dose of BAL enters 
the circulation within the first hour, with high 
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blood levels persisting for at least two addi- 
tional hours (Peters et al., 1947; Spray et al., 
1947). The persistence of BAL in the concep- 
tus, however, could be greater than that in the 
adult. For BAL to protect the developing 
mouse against the embryolethal effect of ar- 
senite, it apparently must be present prior to 
or concurrent with maternal arsenite exposure. 
This outcome agrees with the finding that par- 
enterally administered arsenite given to preg- 
nant mice attains peak levels in the maternal 
blood within minutes after injection and is 
found in significant amounts in the fetus 
within the first hour (Hood et al., 1982). If 
teratogenic outcome is correlated with peak 
levels of arsenic in the conceptus, it should 
be important to have a protective agent present 
concurrently with or in advance of the at- 
tainment of such levels. 

Skeletal defects induced by arsenite con- 
sisted of pairs of ribs joined at their proximal 
ends and scrambled vertebral ossification cen- 
ters. In the fetuses exposed to BAL and arsenite 
concurrently or to arsenite followed by BAL, 
the severity of the arsenite-induced skeletal 
malformations observed was similar in the 
presence or absence of BAL treatment (by se- 
verity, we mean the relative numbers of 
anomalous ribs or vertebrae per fetus and their 
degree of malformation). In the arsenate study 
of Hood and Pike ( 1972) however, the severity 
of such malformations (though not the fre- 
quency of affected fetuses) was decreased by 
BAL treatment. This observation may be a 
further indication of basic differences in the 
metabolism or distribution of tri- and pen- 
tavalent arsenic in the developing organism. 

The ability of BAL to protect the developing 
mouse fetus against at least some harmful ef- 
fects of arsenite offers only modest encour- 
agement with regard to its therapeutic poten- 
tial for pregnant women exposed to trivalent 
arsenic. This conclusion is apparent because 
treatment with BAL was not effective when 
exposure to arsenite occurred before BAL was 
given, although initial exposure to the arsenic 
is obviously the most likely scenario in man. 
Nevertheless, with higher doses of BAL or with 

treatment given at different time intervals, the 
beneficial effect might be enhanced. The pro- 
tective effects of 2-mercaptopropionyl glycine 
(Tiopronin), given in multiple high doses fol- 
lowing exposure of pregnant mice to meth- 
ylmercuric chloride, lend support to such a 
possibility (Fujimoto et al., 1979). 

Although pregnant women may be chron- 
ically exposed to arsenic because of their oc- 
cupation or their environment (Nordstrom et 
al., 1978) acute arsenic exposure is most 
commonly due to accidental or intentional 
poisoning. Such an incidence of arsenic poi- 
soning of a pregnant woman was described 
by Lugo et al. ( 1969) where maternal ingestion 
of arsenic trioxide (As3’) resulted in death of 
the offspring. In less severe cases, BAL or sim- 
ilar therapy with 2,3-dimercapto- 1 -propane- 
sulfonic acid or dimercaptosuccinic acid 
(Tadlock and Aposhian, 1980) might offer 
some benefit to the unborn child. Nevertheless, 
it should be kept in mind that Nishimura and 
Takagaki ( 1959) reported teratogenesis in mice 
given a very large dose of BAL ( 1200 mg/kg). 
Thus, if high doses were administered to a 
pregnant woman in an attempt to protect her 
conceptus, the BAL might have a potential 
for teratogenicity in its own right. Clinicians 
should therefore be cautious in their use of 
BAL therapy in cases of known or potential 
pregnancy, weighing potential benefit versus 
harm to both mother and offspring. The usual 
therapeutic doses for human adults are, how- 
ever, only in the range of 2.5 to 5 mg/kg. 
Thus, it seems unlikely that a teratogenic dose 
would be reached, unless the human conceptus 
is strikingly more sensitive to BAL than is the 
developing mouse. 
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