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Alcohol consumption in Japan increase annually, es-
pecially alcohol consumption by young women (Omoto
1985). Women's drinking has 1ill effects not only on
the women themselves but also on their fetuses during
pregnancy, causing the fetal alcohol syndrome (Jones
et al. 1973; Rosett and Weiner 1985; Yamamoto and
Tanimura 1986). Although the pharmacokinetics of ethanol
during pregnancy have been elucidated for multiple-
dose ethanol in several mammalian species, the disposi-
tion of ethanol and its metablite, acetaldehyde, in
the maternal-fetal wunit is not known for maternal
administration of a single dose of ethanol on one
day.

The objectives of the present study were to investigate
in rats the transplacental distribution of ethanol
and acetaldehyde into the amniotic fluid and to determi-
ne the time course of ethanol and acetaldehyde in
maternal and fetal blood and amniotic fluid following
the maternal ingestion of a single dose of ethanol.

MATERIALS AND METHODS

Female Wistar rats, weighting 200-250 g were mated
with male of the strain. Day 0 of pregnancy was estab-
lished by observing their wvaginal plug. Six pregnant
rats were orally administrated with 2 g of ethanol/kg
maternal body weight on day 20 of pregnancy. The preg-
nant rats were sacrificed at each of the following
experimental time after a single administration of
ethanol:1, 2, 3, 4, 5, 6, 7 and 8 hours. Maternal
blood was taken from the vena cava inferior. The gravid
uterus was exposed and incisions in the uterine horns
were made to expose each fetus sequentially. Amniotic
fluids were obtained prior to removing each fetus
and blood samples from each fetus were collected from
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the Jjugular vein using heparinized capillary tubes.
Simultaneously, the maternal and fetal 1liver removed.

Blood and amniotic fluid were added to 3 ml of ice-
cold 0.6 N perchloric acid (PCA) containing 20 mM
thiourea and deproteinized. The mixture was then centri-
fuged and 0.5 ml of the supernatant was subjected
to analysis. One gram of 1liver powdered with liquid
nitrogen was added to 3 ml of 0.6 N PCA. After cen-
trifugation, quantitatively for ethanol and acetaldehyde
using the head-space technique on a Shimazu 6 A gas
chromatograph. Statistical comparison of the ethanol
and acetaldehyde was analyzed by the Mann-Whitney
test.

RESULTS AND DISCUSSION

The ethanol concentration-time curves for maternal
blood and fetal blood and amniotic fluid are presented
in Fig. 1. The maximum concentration of maternal blood
and fetal blood was 1.930 mg/ml and 1.732 mg/ml, respec-
tively. This occurred at 2 hours. The ethanol concentra-
tion of liver was higher in the fetus than in the
mother throughout the time period studied, but not
significantly (Fig. 2). During the 1- to 8-hour elimina-

tion phase, the ethanol concentration-time curves
in maternal and fetal blood or 1liver was virtually
identical (Fig. 1 and 2), which demonstrated that

there rapid equilibrium distribution of ethanol in
the maternal and fetal compartments. There was a time
lag in the appearance of ethanol in amniotic £fluid
compared with its appearance 1in maternal and fetal

blood or 1liver. The maximum amniotic fluid ethanol
concentration was 1.192 mg/ml, and this occurred at
5 hours. In the third trimester of pregnancy, the

major contribution of fluid into the amniotic cavity
is fetal urine. In view of this and the relative delay
in the appearance of ethanol in amniotic fluid compared
with fetal blood, fetal urinary excretion would appear
to be the major route of transfer of ethanol into
the amniotic fluid. Elimination of ethanol from the
amniotic fluid may occur by fetal swallowing of amniotic
fluid and subsequent absorption of ethanol from the
gastrointestinal tract into the fetal circulation.
In this study, the concentration of ethanol in amniotic
fluid was higher than the concentrations in maternal
and fetal blood throughout the 4- to 8-hour interval.
This indicated that the amniotic fluid might serve
as a reservoir for ethanol in utero, thereby reulting
in exposure of the fetus to ethanol form both the
maternal and amniotic fluid compartments, as has been
proposed previously for second-trimester pregnant
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Figure 1. Mean(+SD) ethanol concentration-time curves
in maternal blood (MB), fetal blood (FB) and amniotic
fluid (AF) of six pregnant rats following oral adminis-
tration of a single dose of 2 g/kg maternal blody
weight.

women (Brien et al. 1983), third-trimester pregnant
ewes (Brien et al. 1985), and third-trimester pregnant
guinea pig (Clarke et al. 1985, 1986).

The role of acetaldehyde in the actions of ethanol
is controversial and evidence exists that both supports
(Yamamoto et al. 1986) and refutes (Keaniemi and Sipple
1975) the proposed involvement of acetaldehyde 1in
the fetal alcohol syndrome.

The acetaldehyde concentration-time curves of the
maternal blood, fetal blood and amniotic fluid are
presented 1in Fig. 3. The acetaldehyde concentrations
were at least 1000- to 1500-fold less than the respec-
tive ethanol concentration, which indicated that only
samll amounts of acetaldehyde escaped from the acetalde-
hyde-oxidizing capacity of the maternal liver (Khanna
and Israel 1980). The lower concentration of acetaldehyde
in fetal blood (p<0.02) compared with that in mater-
nal blood during the elimination phase indicated that
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Figure 2. Mean(s+ SD) ethanol concentration-time curves
in maternal liver{(ML) and fetal 1liver(FL) of six
pregnant rats following oral administration of a
single dose of 2 g/kg maternal body weight.
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Figure 3. Mean(z4 SD) acetaldehyde concentration-time
curves for maternal blood(MB), fetal blood(FB) and
amniotic fluid(AF) of six pregnant rats following
oral administration of a single dose of 2 g/kg maternal
body weight.

it was the extrahepatic acetaldehyde-oxidizing capacity
which regulated the transfer and accumulation of
this active metabolite in the fetus. Since maternal
and fetal ethanol clearance rates are similar, and
the mean fetal liver alcohol dehydrogenase activity
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is about 10 % of maternal 1liver activity (Khanna
and Israel 1980; Cummin et al. 1985), the fetus must
rely on maternal metabolism for the elimination of
ethanol, and elimination occurs primarily from the
mother. The mechanism by which acetaldehyde accumulates
in amniotic fluid is wunclear, but it would appear
that fetal metabolism of ethanol would not be important
because of the low ethanol-oxidizing capacity of
the fetal liver.

The data of the present study indicate that there
is differential disposition of ethanol in maternal
blood and amniotic fluid following maternal administra-
tion of acute, single-dose ethanol during near-term
pregnant rats. Thus the fetus could be exposed to
significant ethanol concentration in amniotic £luid
for a longer period of time than would be predicated
by the ethanol concentration in maternal blood.

REFERENCES

Brien JF, Loomis CW, Tranmer J, McGrath M (1983)
Disposition of ethanol in human maternal venous
blood and amniotic fluid. Am J Obstet Gynecol 146:181
-186

Brien JF, Clarke DW, Richardson B, Patrick J (1985)
Disposition of ethanol in maternal blood and aminotic
fluid of third-trimester pregnant ewes. Am J Obstet
Gynecol 152:583-590

Clarke DW, Steenaart NAE, Breedon TH, Brien JF (1985)
Differential pharmacokinetics for oral and intraperi=
toneal administration of ethanol to the pregnant
guinea pig. Can J Physiol 63:169-172

Clarke DW, Steenaart NAE, Slack CJ, Brien JF (1986)
Pharmacokinetics of ethanol and its metabolite,
acetaldehyde and fetolethality in the third-trimester
pregnant guinea pig for oral administration of
acute, multiple-dose ethanol. Can J Physiocl 64:1060-
1067

Cumming ME, Ong BY, Wade JG, Sitar Ds (1985) Ethanol
disposition in newborn lambs and comparison of
alcohol dehydrogenase activity in placenta and
maternal sheep, fetal and neonatal lamb liver.
Dev Pharmacol Ther 8:338-345

Jones KL, Smith DW, Ulleland CN, Strissguth AP (1973)
Pattern of malformation in offspring of chronic
alcoholic mothers. Lancet I:1267-1271

Kesdniemi YA, Sippel HW (1975) Placental and foetal
metabolism of acetaldehyde in placenta and foetus
of the pregnant rat during ethanol oxidation. Acta
Pharmacol et Toxicol 37:43-48

Khanna = JM, Israel Y (1980) Ethanol metabolism. Int
Rev Physiol 21:275-315

188



Omoto M (1985) Epidemiology of alcohol. Jpn J Clin
Nutr 67:653-665

Rosett HL, Weiner L (1985) Alcohol and pregnancy:
A clinical perspective. Annu Rev Med 36:73-80

Yamamoto Y, Tanimura T (1985) Effect of ethanol on
mothers and their pups. Med J Kinki Univ 11:493-
506

Yamamoto Y, Nose M, Tatsumo Y (1986) Effect of acetald-
ehyde on fetal development in rats. Jpn J Alcohol
Drug Dependence 21:94-95

Received October 15, 1990; accepted April 9, 1991.

189



