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ABSTRACT—The effects of ethanol (ET) on the teratogenicity of the fat soluble drug, Vita-
min A (VA) were examined in SPF Wistar rats. VA and ET were orally administered with sonde.
The drugs were administered for 3 days of day 9-11 of gestation.

Four groups were made; G-I control (sesame oil + saline), G-II VA 40 x 104 (1.U/kg/day), G-
III ET 2 (g/kg/day), G-IV 40 x 104 + ET 2. Congenital malformations were found G-II, G-III and
G-IV. All fetuses in G-IV combination had malforamtions. Main malformation in G-IV combi-
nation were microstomia, disposition of ear, open eyelids brachygnathia and cleft plate. Ac-
cordingly it might be demonstrated that the teratogenicity of hypervitaminosis A was

pontentiated by concurrent ethanol in rats.
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INTRODUCTION

Vitamin A (VA), a drug for treatment of VA
deficiency and its prophylactic administration dur-
ing periods of increased requirement, such as in-
fancy, pregnancy and lactation, is required for
growth, especially of bone, reproduction, and em-
bryonic development!. There are many reports on
VA fetal toxicity and congenitial malformations in
rats, mice and rabbits2-6),

Numerous studies have described physical
growth retardation and a pattern of craniofacial
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abnormalities (collectively termed fatal alcohol syn-
drome) in children born to women who had con-
sumed large amounts of alcohol during
pregnancy?. Although retarded growth and de-
velopment have been reported in the progeny of
alcohol-fed rats, mice, rabbits, and dogs#19, the
evidence for a teratogenic action of alcohol in
animals is more controversial. Some investigator
have reported no malformations in fetuses of
alcohol-treated animals® ¢ 10, whereas others have
reported a wide spectrum of craniofacial, limb, and
other defects!z1. Some differences in results
most likely reflect species and strain differences
in susceptibility to alcohol, whereas others may be
due to the different amounts of alecohol ad-
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ministered and to variety of routes and schedules
of administraion.

However, it is also possible that some of the ad-
verse effects of alcohol may be due to the syner-
gism of other agents (nutritional and non-nutri-
tional) with alcohol. Little attention has been
given to the possibility that some features of the
fetal alcohol syndrome may be due to such inter-
action.

Therefore, the study reported here was de-
signed to investigate the possibility that alcohol
consumtion during pregnancy can potentiated
the recognized teratogenic agents.

In the present paper, we investigated the ef-
fects of ethanol on the teratogenicity of VA in rats.

MATERIALS AND METHODS

Animal and Drugs—SPF Wistar rats, about
14 weeks of age, raised in our vivarium (barrier
system), were used in this study, Vitamin A
(Retinol acetate, Roche) and ethanol (99.8% up,
Merck) were used.

Experimental procedures—All animals were
mated overnight by placing two females with one
male in a cage. The morning upon which a vaginal
plug was observed or sperms detected in the vagi-
nal smear was designated day 0 of gestation. At
that time the females were transferred to plastic
cages and given commercial chow and tap water
ad libitum until the day of sacrifice. Retinol ace-
tate and ethanol were orally administered by
stomach tube for 3 days of day 9-11 of gestation.

Retinol acetate was dissolved in sesame oil at
a concentration of 40,000 IU/m! (dosage volume;
10 ml/kg). Ethanol was mixed in saline at a con-
centration 25 w/v% (dosage volume; 8 mi/kg).

Dams were devided into 4 groups—G-I Con-
trol (sesame oil+saline), G-1I VA40 (Vitamin A
40x 10+ TU/kg), G-1II E2 (ethanol 2g/kg), G-IV
VA+E2 (Vitamin A 40x104 IU/kg+ethanol
2g/kg).

Examination—Dams were killed by exsangui-
nation under ether anesthesia. The uterus was ex-
posed and the number of inplants, intrauterine
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Fig. 1. Effect of treatment on body weight changes
of pregnant rats.

death and living fetuses were recorded. Living fe-
tuses were removed from the uterus, examined for
the external malformations and weighed. Fetal
body weight was analyzed by students’s t-test to
compare the mean of each group with the mean
of control group, VA alone group.

The embryolethality was represented by
precentage of dead implants, which was calculat-
ed from (the numbers of intrauterine death/the
number of implant) x 100. The average percentage
of dead implants of each group was the sum of the
percentage of dead implants divided by the num-
bers of litters. The statistical analysis was per-
formed by wilcoxon’s rank sum test to compare the
percentage of dead implants and incidence of mal-
formed fetuses of treatment groups with one of
control group, VA alone group.

RESULTS

The body weight change during gestation was
shown in Fig. 1. The maternal weight gain was sig-
nificant suppressed after the first administration
of G-II (VA 40x10¢ IU/kg), G-IV (VA 40x104
IU/kg+E 2g/kg) and a significant inhibition was
still observed on day 20 of gestation in G-IV
(p<0.05, p<0.01).

Table 1 showed treatment effects on reprodue-
tive performance of pregnant rats. In an analysis
of variance and covariance, no significant differ-
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Table 1. Effect of treatment on reproductive performance of pergnant rats.
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Treatment group Control VA 40 E2 VA+E2
No. of dams 13 12 12 12
No. of dead dams 0 0 0 0
(Mortality %) (0) ©) 0) 0)
No. of dams with
live fetuses 13 ? 12 6
No. of dams with
totally dead fetuses 0 13 0 6
No. of corpora 216 188 168 203
lutea (mean+S.D.) (16.6 + 1.6) (15.7+1.7) (14.0+1.3)* (16.9+2.9)
No. of implants 196 167 162 162
(mean+S.D.) (15.1+2.5) (13.9+2.0) (13.6+1.3) (13.5+2.1)
Implantation ratio (%) 91.3+8.3 89.0+9.6 96.3+5.9 81.3+16.1
* p<0.05: Significant difference from control
Table 2. Effect of treatment on fetal development of pregnant rat
Treatment group Control VA 40 E2 VA+E2
No. of dams 13 12 12 12
No. of implants 196 167 162 162
No. of lieve fetuses 17 93 145 40
(mean +3.D.) (13.2+2.9) (7.8+6.4)** (12.1+1.1) (3.3+4.0)**
Sex ratio
(male/female) 91/80 51/42 66/79 25/15
Body weight (g)
male M+S.D.) 3.03+0.18 2.92+0.68 2.64+0.22* 2.4240.43**+
female (M +S.D.) 2.89+0.21 2.67+0.68 2.45+0.26* 2.154£0.41**+
Placental weight (g)
0.43 £0.04 0.43+0.06 0.42+0.06 0.42+0.08

(mean+S.D.)
No. of dead implants 25 74 17 122

Early death 20 17 14 58

Late death 5 50 3 64

Mortality (%) 12.0 47.6%* 10.4 74.8**+

*, p<0.05 **; p<: Significant difference from control

+: p<0.05, ++; p<0.01: Significant difference from vitamin A (VA 40) alone

ence was found in the number of implants and im-
plantation ratio among treatment groups, but
significant difference of the number of corpora lu-
tea were found control and E2 group (p<0.05).

Table 2 showed the number of live fetuses, the
fetal body weight and the average percentage of
dead implants significant difference of the aver-

age number of live fetuses were found between
control and VA 40, VA + E2 (p<0.01). Fetal body
weight was significantly low in E2 (p<0.05),
VA +E2 (p<0.01) against control and in VA + E2
(p<0.05) against VA 40, but not singificant differ-
ent between control and VA 40. Singificant differ-
ence of the average percentage of the dead

The Korean Journal of Food Hygiene, Vol. 5, No. 4



232 D.H. Cho, K. Chin and T.S. Cho

Table 3. Effect of treatment on external malformations

Treatment group Control VA 40 E2 VA+E2
No. of dams examined 13 9 12 6
No. of fetuses examined 171 93 145 40
No. of fetuses with 2 (1.0 88 (94.8) 39 (29.2) 40 (100)
external malformations (%)
Exencephaly 0 3 (13.0) 0 2 (6.7)
Encephalocele 0 8 (7.4) 0 1 (3.3)
Microtia 0 22 (35.9) 0 12 (38.2)
Accessory auricle 0 32 (40.7) 0 33 (76.8)**
Disposition of ear 0 34 (61.6) 0 40 (100)**
Open eyelids 0 55 (65.1) 0 31 (75.6)*
Exophthalmia 0 31 (43.9) 0 19 (48.2)
Microstomia 0 59 (563.7) 0 36 (85.0)**
Pseudomacroglossia 0 14 (24.6) 0 11 (25.1)
Brachygnathia 0 2 (14.8) 0 19 (50.8)**
Mandibular fissure 0 13.7) 0 5 (14.5)*
Cleft palate 0 78 (87.5) 0 15 (33.3)**
Hypoplastic palate 0 0 0 18 (33.3)
Anury 1 (0.5) 0 0 0
Brachyury 0 0 0 8 (18.5)
Kinky tail 1(0.5) 1(0.9) 36 (26.9) 16 (41.8)**
Hematoma 0 2(1.9) 8 (6.1) 4(13.3)

Occurence rate (%) in parentheses is the average of the incidence in each litter
* p<0.05, **; p<0.01: Significant difference from vitamin A (VA 40) alone

Fig. 2. Vitamin A + ethanol-treated 20-day-old Wistar
rat fetus with disposition of ear and accesso-
ty auricle.

implants was high in VA 40 (p<0.01) and VA
40+ E2 (p<0.01) against control and in VA +E2
(p<0.05) against VA 40.

As shown in Table 3, the incidence of malfor-

Fig. 3. Vitamin A + ethanol-treated 20-day-old Wistar
rat fetuses with microstomia. Note ex-
ophthalmia (right) in affected fetus.

mation were in 100% in VA + E2, whereas the in-
cidence were 94.8% in VA 40, 29.2% in E2, and
1.0% in control. The most frequent external mal-
formation of VA+E2 were disposition of ear
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Fig. 4. Vitamin A + ethanol-treated 20-day-old Wistar
rat fetus with open eyelids and encephalocele.

(100%) (F'ig. 2), microstomia (85.0%) (Fig. 3), ac-
cessory auricle (76.8%) (Fig. 2), open eyelids
(15.6%) (Fig. 4) and brachygnathia (50.8%) (Fig. 5).

The others were kinky tail cleft, palate exoph-
thalmia and so on. Signififcant difference were
found in the incidences and types of malforma-
tion between VA 40 and VA+E2.

DISCUSSION

The present result suggests that the teratoge-
nic effect of vitamin A (retinol acetate) was poten-
tiated by concurrent ethanol. No report have
described the effect of ethanol on fetal toxicity of
vitamin A.

Excessive intake of vitamin A results in ¢ on-
genital malformation in many speces if animals2®).
But, the mechanism of action of excess vitamin A
in the experimental production of teratogenic ef-
fects is not yet understood. Intraamniotic adminis-
tration of vitamin A9 or in vitro treatment of rat
embryos with retinoic acid!” produced the same
type of malformations as in vivo treatment!®.
From this, the conclusion was drawn that excess
vitamin A acts directly on the embryo.

The effects of vitamin A on DNA, protein,
glyoprotein, and sulfated mucopolysaccharide syn-
thesis has been investigated in fetuses!®. 20, but no
convincing evidence was reported that those
parameters directly induced the aberrations of de-
velopment. On the other hand, there is evidence

Fig. 5. Vitamin A + ethanol-treated 20-day-old Wistar
rat fetus with brachygnathia. Note pseudom-
acroglossia, exencephaly and exophthalmia in
affected fetus.

that retinoic acid may act like a hormone2D.

Under the conditions employed in these ex-
perimennts, alcohol induced in the incidence of
kinky tail, hematoma, although others have report-
ed a cleft palate of alcohol in mice!®. The most
striking effect of alcohol consumption during gesta-
tion in experimental animals is the reduction in fe-
tal weight. It is possible that this alteration in
growth may have an adverse effect of the various
anomalies. However, alcohol alone did not cause
the various malformations, despite the marked
reduction in fetal weight, and vitamin A did not
further reduce fetal weight when compared to al-
cohol alone, although they induced a significfant
incidence of malformation. Another possible
mechanism of action jof alcohol may be thought it
retardation of fetal development.

The manner in which aleohol potentiates vita-
min A teratogenicity is not clear. Therefore, the
observation that alcohol consumption potentiates
teratogenic effects (the incidences of dead and ab-
normal fetuses) of vitamin A is of importance. An
analog of vitamin A (13-cis-retinoic acid) has be-
come a popular agent for the treatment of acne and
is prescribed in relatively large daily doses, sever-
al cases of congenital malformations, including
microstomia, cleft palate have been reported in-
fants born to women who had used this vitamin
analog during early stages of pregnancy?2 23, and
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concern has been expressed regarding its use by
teenagers who may become pregnant.

If these individuals also consume alcohol, the
data presented here suggest that the alcohol may
act to potentiate the effects of 13-cis-retinoic acid.

Threshold level of potentiation of vitamin A ter-
atogenicity by ethanol is currently under investi-
gation.

CONCLUSION

The effects of ethanol (ET) on the teratogenic-
ity of the fat soluble drug vitamin A (VA) were ex-
amined in SPF Wistar rats. VA and ET were orally

administered with stomach tube. The drugs were
administered for 3 days of day 9-11 of gestation.

Four groups were made; G-I control (sesame
oil + saline), G-II VA 40 x 104 (IU/kg/day), G-I11I E2
(g/kg/day), G-IV VA 40x 104+ E2, Congenital mal-
formations were found G-1I, G-III and G-IV. All fe-
tuses in G-IV combination had malformations.
Main malformation in G-IV combination were
microstomia, disposition of ear, open eyelids,
brachygnathia, abd cleft palate.

Accordingly it might be demonstrated that the
teratogenicity of hypervitaminosis A was ponten-
tiated by concurrent ethanol in rats.

=290}

SPF WistarA] HES o]&3le] Vitamin A(VA)9] 75 (40X 10°U/kg) ol 27 #7138 Adoll thste] ethanol(E)
2g/kge A 9UVE A L1A7A 3T AT WEFIY A e ok

L A=A gkl 3lol4) VAXE 9 4FoiTo] dh2F 2@ VA w5 Folzol vls) fola A527ke) A48 waich

2. AAATREE VA+E ¥ 8FolTo] VA @5FolTol ws) Golshil 27480 n(p<005), A2t} HE A%
VA+E wgFelo] chaitel vlsl felahA 2asslom(p<00D), VA BEFoEse) addE folat o

2l (p<0.05).

3. 9 E7199) WAEL VA REFod ol sl VA+E HEFeie] ool viehideh #u® 7ae) Sxe Aslx

oj4, Hol(He]), AHME, £7F @S T Folvtk

oldel Azel4 Vitamin Ae] st} Fofoll 23k 37]& el ethanole] 4sHe2 HE4Ee 4 F Uk

REFERENCES

1. Wasserman, R.H. and Corradino, R.H.: Meta-
bolic role of vitamin A AND D.A. Rev. Bi-
ochem, 40, 501-532 (1971).

2. Cohlan, S.Q., Excessive intake of vitamin A
as a cause of congestinal anomalies in the rat.
Science 117, 535-536 (1953).

3. Giroud, A. et Martinet, M., Teratogenese Par
hypervitaminose A Chez la rat, la Souis, le
cobaye et le lapin. Arch. Franc. Pediot. 16, 1-5
(1959).

4. Kalter, H. and Warkany, J., Experimental
Procuction of congenital malformation in stra-
tins of Inbred mice by maternal treatment with

hypervitaminosis A. Amer. J. Pathol. 38, 1-21,
(1961).

5. Hayashi, Y., Malformations of the ear in teh
mouse fetus caused by meternal hypervitami-
nosis A during pergnancy, Cong. Anon.. 12(12),
73-80 (1972).

6. Kistler, A., Teratogenesis of retinotic acid in
rats, Teratology 23, 25-31 (1981).

7. Streissguth A.P., Landesman-Dwyer S., Mar-
tin J.C., Smith D.W., Teratogenic effects of
alcohol in humans and laboratoty animals.
Science 209, 353-361 (1980).

8. Lee M., Leichter, J., Effect of matenal thanol
adminstration on physical growth of the off-
spring in rats. Growth 43, 288-297 (1978).

The Korean Journal of Food Hygiene, Vol. 5, No. 4



10.

11.

12.

13.

14.

15.

16.

Effects of Ethanol on the Teratogenicity of Hypervitaminosis A in Rats

. Schwetz, B.A., Smith, F.A., Staples R.E., Ter-

atogenic potenialof ethanol in mice, rat and
rabbits, Teratology 18, 385-392 (1978)

Ellis, F.W., Pik J.R., An animal model of the
fettal alcohol syndrome in Beagles. Alcoholism
clin Exp 4, 123-134 (1980).

Hood, R.D., Lary J.M., Balacklock, J.B., Lack
of prenatal effects of maternal ethanol eo-
nsumption in CD-1 mice. Toxicol. Lett 4, 79-82
(1979).

Chernoff, G.F., The fetal alcohe! syndrome in
mice: An animal model. Teratology 15, 223-230
(1977).

Kronik, J.B., Teratogenic effects of ethyl al-
cohol adminstered to pregnant mice. Am. J.
Obstet. Gynecol. 124, 676-680 (1976).
Randall, C.R., Taylor W,J., Prenetal ethanol
exposure in mice: teratognic effects. Teratol-
ogy 19, 305-312 (1979).

West, J.R., Black, A.C., Reimann, P.C.,
Alkana, R.L., Polydactyly and Polysydactyly
induced by prenetal exposure to alcohol. Ter-
atology 24, 13-18 (1981).

Nanda, R. and D. Rome: Effect of intraamniot-
ic administration of vitamin A on rat fetueses.
Teratology, 16, 35-40 (1977).

17.

18.

19.

20.

21.

22.

235

Morriss, G.M. and C.E. Steele: The effect of
excesss vitamin A on the development of rat
embryos in culture. J. Embryol. Exp. Morphol.
32, 505-514 (1974).

Geelen, J.A.,G.: Hupervitaminosis a induced
teratogenesis. Critical Rev. Toxicol., 6,
351-375 (1979).

Lorente, C.A. and S.A. Miller: The effect of
hyperviatminosis A on rat palatal develop-
ment. Teratology, 18, 277-284 (1978).
Eckhert, C.D. and L.S. Hurley: Influence of
various levels of hypervitaminosis A and Zinc
deficiency on teratogenesis and DNA synthe-
sis in the rat. Teratology, 19, 279-284 (1979).
Takase, S., D.E. Ong and F. Chytil: Cellular
retinol binding protein allows specific intera-
tion of retinol with the nucleus in Vitro. Proc.
Natl. Acad. Sei. USA., 76, 2204-2208 (1979).
Fernoff, P.M., Lammer, E.J.: Craniofacial fea-
tures of isotretinoin embryopathy, J. Pediatr
105, 595-597 (1984).

. Lott, I.T., Bocian, M. Pribram, H.W.: Fetal

hydrocephalus and ear anomalies associated
with maternal use of isotretinoin. J. Pediatr
1, 597-600 (1984).

The Korean Journal of Food Hygiene, Vol. 5, No. 4



