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Table 2

Reproductive findings in rats given I-butanol on days 0-20 of pregnancy

Dose (%) 0 (Control) 0.2 1.0 50

No. of litters 20 20 20 20

No. of litters totally resorbed ) 0 0 0 0

No. of corpora lutea per litter" 164 %36 16.7 £ 3.0° 16.1 2.1 16.3+2.6
No. of implantations per litter 143428 15117 152%12 147425

% Preimplantation loss per litter” 9.0 9.0" 4.4 9.2

% Postimplantation loss per litter 6.0 54 3.7 8.0

No. of live fetuses per litter” 134%26 14314 147115 13.5£25
Sex ratio of live fetuses (male/female) 128/139 145/140 149/144 1317139
Body weight of live fetuses (g)"

Male 4184027 4002024 4.04+0.25 3.83£0.18%*
Female 3971025 3.86 +0.20 3.83+0.16 359 £0.17**
Fetal crown-rump length (mm)"

Male 40512 40314 40.2+12 39.7+13
Female 394%12 394+1.2 393+ 1.1 85+ 14
Placental weight (g)

Male 0.50 % 0.05 0.49 + 0.05 0.48 £ 0.06 0.50 £ 0.06
Female 0.49 + 0.05 0.48 £ 0.05 0.47+0.05 0.49 + 0.06

** Significantly different from the control, P < 0.01.
* Values are given as the mean * SD.

 (No. of preimplantation embryonic loss/no. of corpora lutea) x 100.

¢ (No. of resorptions and dead fetuses/no. implantations) x 100.
¢ Value was obtained from 19 pregnant rats.

revealed one fetus with supernumerary thoracic verte-
bral bodies and malpositioned thoracic vertebrae at
1.0%. Although the total number of fetuses with skeletal
variations was significantly increased at 5.0%, the num-
ber of fetuses with individual skeletal variations was not
significantly increased, except for fetuses with short
supernumerary ribs at 5.0%. A significantly lower num-
ber of forepaw proximal phalanges was observed at
5.0%. Membranous ventricular septum defect occurred
in one fetus of the control and 0.2% groups and 3 fetuses
in 3 dams of the 5.0% group. One fetus with a double
aorta in the control group and one fetus with a left
umbilical artery in the control and 2.0% groups were ob-
served. Thymic remnants in the neck were found in 4-11
fetuses of the control and groups treated with 1-butanol.
However, there was no significant difference in the inci-
dence of fetuses with internal abnormalities between the
control and groups treated with 1-butanol.

4. Discussion

The present study was conducted to determine the
developmental toxicity of l-butanol and designed to
replicate the observations of the study by Sitarek et al,
(1994). The data showed that prenatal administration
of 1-butanol did not produce morphological anomalies
in fetuses of rats. Thus, we have been unable to confirm
the results of Sitarek’s study in which prenatal exposure
to I-butanol produced fetal anomalies.

The doses of 1-butanol used in the present study ex-
pected to induce maternal and/or developmental toxic-

ity, such as a decrease in maternal body weight gain
and fetal weight, were given to pregnant rats during
the whole period of pregnancy to characterize the effects
of I-butanol on embryonic/fetal development. Maternal
toxicity, a significant decrease in body weight gain, was
found at 5.0%. Maternal food and water consumptions
were also reduced in this dose group. Although the only
significant decrease in maternal body weight gain was
observed on days 0-2 of pregnancy at 1.0%, this de-
crease was occasional and discontinuous and seems un-
likely to be of toxicological significance. In this dose
group, decreases in the maternal food consumption dur-
ing the whole period of pregnancy and water consump-
tion during the early period of pregnancy, which were
unaccompanied by the continuous changes in body
weight gain, were observed. No significant changes in
maternal parameters were noted in the 0.2% group.
These findings in maternal rats indicate that 1-butanol
exerts maternal toxicity at 5.0% (equivalent to
5654 mg/kg/day) when administered during the entire
period of pregnancy in rats.

No significant increase in the incidence of postim-
plantation loss was found at any dose of l-butanol,
and significantly decreased weights of male and female
fetuses were found at 5.0%. No significant adverse ef-
fects on reproductive parameters were detected at 0.2%
and 1.0%. These findings indicate that l-butanol is not
toxic to embryonic/fetal survival up to 5.0% or fetal
growth up to 1.0% when administered during the whole
period of pregnancy.

As for morphological examinations in the fetuses of
exposed mothers, a few fetuses with external, skeletal
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Table 3

Morphological examinations in fetuses of rats given l-butanol on days 0-20 of pregnancy

Dose (%) 0 (Control) 0.2 1.0 50

External examination

Total no. of fetuses (litters) examined 267 (20) 285 (20) 293 (20) 270 (20)

Total no. of fetuses (litters) with abnormalities 1) 1) 0 0
Spina bifida 11 0 0 0
Thread-like tail and anal atresia 0 1(1) 0 0

Skeletal examination

Total no. of fetuses (litters) examined 139 (20) 147 (20) 152 20) 140 (20)

Total no. of fetuses (litters) with abnormalities 0 0 1(D 0
Supernumerary of thoracic vertebral bodies and malpositioned thoracic vertebrae 0 0 1(1) 0

Total no. of fetuses (litters) with variations 28 (1) 23 (12) 52(17 69 (20)**
Bipartite ossification of thoracic centra 1Y) 1) 1(n 7(5
Dumbbell ossification of thoracic centra 0 1(1) 2(2) 3(3
Bipartite ossification of lumbar centra 0 0 0 2(2)
Supernumerary lumbar vertebrae 4(1) 1) 53) 5()
Lumbarization 0 0 1 (D 1M
Bipartite ossification of sternebrae 1 (1) 1(1) 1) 1(1)
Misaligned sternebrae 0 0 0 1(1)
Cervical ribs 2 303 33 7(5
Full supernumerary ribs 5 1) 10(5) 9(5
Short supernumerary ribs 20 (10) 189 43 (16) 55 (19)**
Wavy ribs 0 0 0 11y

Degree of ossification®
No. of sacral and caudal vertebrae 84105 84+04 8305 8103
No. of sternebrae 59+02 58402 58+£0.2 58402
No. of forepaw proximal phalanges 1613 1.610.9 1.221.1 0.3 +04**

Internal examination

Total no. of fetuses (litters) examined 128 (20) 138 (20) 141 (20) 130 (20)

Total no. of fetuses (litters) with abnormalities 7 (6) 9 (6) 11 (8) 14 (9)
Membranous ventricular septum defect 1(1) 1) 0 3(3
Double aorta 1(1) 0 0 0
Left umbilical artery 1(1) 0 1) 0
Thymic remnant in neck 44 8 (5) 10 (8) 11 (8)

** Significantly different from the control, P < 0.01.
? Values are given as the mean £ SD.

and/or internal abnormalities were found in all groups.
The abnormalities observed in the present study are
not thought to be due to the administration of 1-buta-
nol, because they have occurred at a very low incidence
and are of types that occur sporadically among control
rat fetuses (Kameyama et al., 1980; Morita et al.,
1987; Nakatsuka et al., 1997; Barnett et al,, 2000). Sev-
eral types of skeletal variations were also found in the
control and groups treated with 1-butanol. These skele-
tal variations are frequently observed in fetuses of rats at
term (Kimmel and Wilson, 1973; Kameyama et al,
1980: Mornta et al.,, 1987; Nakatsuka et al., 1997; Bar-
nett et al.. 2000). In the 5.0% group, a significant in-
crease in the incidence of fetuses with skeletal
variations and fetuses with short supernumerary ribs,
but not full supernumerary ribs, and a significant de-
crease in the degree of ossification were accompanied
by a significant decrease in the fetal weight. These find-
ings show a correlation between these morphological
alterations and growth retardation in fetuses. Although
a skeletal variation, i.e., full supernumerary ribs, is a

warning sign of possible teratogenicity, short supernu-
merary ribs, sternebral variations, and bilobed centra
of the vertebral column are normal variations (Kimmel
and Wiison, 1973). Chahoud et al. (1999) noted that
variations are unlikely to adversely affect survival or
health and this might result from a delay in growth or
morphogenesis that has otherwise followed a normal
pattern of development. Consideration of these findings
together suggests that the morphological changes in
fetuses observed in the present study do not indicate a
teratogenic response and that l-butanol possesses no
teratogenic potential in rats.

In Sitarek’s study (1994), significant increases in the
incidences of wavy ribs at 300 mg/kg/day, dilation of
the subarachnoid space and dilation of the lateral ventri-
cle and/or third ventricle of the brain at 300 mg/kg/day
and higher, dilation of the renal pelvis and external
hydrocephaly at 1000 mg/kg/day, internal hydrocephaly
at 1000 mg/kg/day and higher, and supernumerary ribs
and delayed ossification at 5000 mg/kg/day were found.
A significant decrease in fetal crown-rump length was
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also observed at 5000 mg/kg/day. Based on these find-
ings, Sitarek et al. (1994) concluded that 1-butanol had
adverse effects on the morphological development of fe-
tuses in rats. However, we did not confirm their findings.
We have demonstrated here that prenatal 1-butanol has
no adverse effect on the morphological development of
rat offspring. There are some differences between Sit-
arek’s study and the present study in experimental condi-
tions, such as duration of administration and rat strain
used in the experiments. Sitarek et al. (1994) adminis-
tered 1-butanol to female rats for 8 weeks before mating
and throughout the mating and pregnancy period and
found fetal anomalies, such as hydrocephaly and dilation
of the cerebral ventricles and the renal pelvis. On the
other hand, we gave 1-butanol to female rats during
the whole period of pregnancy and did not detect fetuses
with these anomalies. Administration during the pre-
mating and mating period is thought to be excluded from
the susceptible period for induction of morphological
anomalies such as hydrocephaly/dilation of the cerebral
ventricles and dilation of the renal pelvis, because rat fe-
tuses are susceptible to induction of these anomalies dur-
ing mid and late pregnancy (Wood and Hoar, 1972;
Kameyama, 1985). The strain difference of rats used in
the experiments may explain the discrepancy in the find-
ings regarding fetal anomalies between the studies. In
Sitarek’s study (1994), ImP: DAK rats obtained from
their own breeding colony were used. No detailed infor-
mation on this strain of rats was available (Sitarek et al.,
1994). In their study, dilation of the lateral ventricle and/
or third ventricle of the brain was observed in 2% of fe-
tuses (one of the 12 litters) in the control group. In their
another study using Imp: DAK rats, extension of the lat-
eral ventricle and/or third ventricle of the brain was ob-
served in 11.7% of fetuses (8 of the 17 litters) in the
control group (Sitarek et al. 1996). However, these
anomalies were not found in the control group of their
studies using Wistar rats (Baranski et al., 1982), Imp:
Lodz rats (Sitarek, 1999, 2001) and Imp: WIST rats (Sit-
arek and Sapota, 2003). The incidences of dilation of the
cerebral ventricles in Imp: DAK rats are thought to be
higher than those in the background control data of
other strains of rats. The fetal incidence of hydroceph-
aly/dilation of cerebral ventricles in the control rats of
reproductive studies conducted between 1986 and 1993
in 63 research institutes is reported to be 0-0.09% and
0-0.26%, respectively (Nakatsuka et al., 1997). In Crj:
CD (SD) IGS rats which were used in the present study,
the incidence of dilation of the lateral ventricles of the
brain in 19 studies conducted during 1998-2000 is re-
ported to be 0-0.06% in fetuses and 0-0.44% in litters
(Barnett et al, 2000). Thus, hydrocephaly/dilation of
the cerebral ventricle is not commonly observed in
fetuses of common strains of rats.

The difference in terminology used for classification
of structural anomalies in fetuses may also explain the

discrepancy in the findings regarding fetal anomalies be-
tween the studies. Sitarek et al. (1996) stated that minor
abnormalities, such as enlarged lateral ventricle and/or
third ventricle, are quite frequent in rat fetuses and with-
out having the dose-dependent relationship should not
be taken alone as evidence of tested chemical fetotoxic-
ity. However, the Fourth Berlin Workshop on Termi-
nology in Developmental Toxicity noted that changes
affecting brain ventricles are more likely to be classified
as malformations and classification should be based on
the historical control incidences, the nature of the organ
affected and the severity (Solecki et al.. 2003). In Sit-
arek’s study (1994), dilation of the subarachnoid space
was observed in fetuses of rats given I-butanol at
300 mg/kg/day and higher. This anomaly was also found
in fetuses in Imp: DAK rats given N-cyclohexyl-2-ben-
zothiazolesulfenamide (Sitarek et al. 1996) and Imp:
Lodz rats given N-methylmorpholine (Sitarek. 1999).
No information on the definition of this anomaly was
available in their reports. We are unaware of this anom-
aly in other literature (Kumeyama et al.. 1980: Morita
et al., 1987, Nakatsuka et al., 1997; Horimoto et al.,
1998; Barnett et al., 2000: Solecki et al., 2003).

In conclusion, the administration of 1-butanol to
pregnant rats throughout pregnancy had adverse effects
on maternal rats and embryonic/fetal growth but had no
adverse effects on fetal morphological development even
at a maternally toxic dose. The data indicate that 1-
butanol induces developmental toxicity only at mater-
nally toxic doses in rats. Based on the significant
decreases in maternal body weight gain and fetal weight
at 5.0%, it is concluded that the NOAELs of 1-butanol
for both dams and fetuses are 1454 mg/kg/day (1.0%
in drinking water) in rats.
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