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LOPEZ-TEJERO, D., M. LLOBERA AND E. HERRERA. Permanent abnormal response to a glucose load after prenatal ethanol
exposure in rats. ALCOHOL 6(6) 469-473, 1989.—Postnatal development of the glucose and insulin balance in offspring of
ethanol-treated and control rats has been studied. Newborn rats were separated from their mothers and placed with normal lactating,
nonethanol-treated dams. Prenatal exposure to ethanol led to hypoglycemia on the first day of extrauterine life and a general tendency
to hyperinsulinemia during the entire postnatal period studied. The glucose-tolerance test in weaned rats (30 days old) gave a greater
and faster increase than controls in levels of both glucose and plasma insulin. At adult age (90 days) the response of blood glucose
to an oral glucose load in offspring from ethanol-treated mothers was not different from that in offspring from controls, but the insulin
response was higher. This abnormal insulin response, such a long time after the end of ethanol exposure, suggests either a permanent
alteration in the pancreatic response, or a peripheral insulin resistance and/or differences in the rate of insulin degradation in these

animals.

Ethanol Rat Development Glucose-tolerance-test

Insulinemia

CHRONIC ethanol ingestion during pregnancy exerts deleterious
effects on fetal growth and postnatal development (2). Physical
abnormalities and mental retardation in offspring have been
described in both clinical and experimental studies, and they are
known as Fetal Alcohol Syndrome (9, 17, 23). The mechanism
behind the effects of ethanol on the fetus is not clear yet, and could
be caused by the direct in utero action due to the mother’s
nutritional deprivation and/or be secondary to the mother’s metab-
olism disturbances (14, 15, 19, 35).

Studies in both humans and experimental animals have de-
scribed many endocrine and metabolic systems that are perturbed
by ethanol ingestion (18, 36, 38). Moreover, scarce attention has
been paid to the effects of prenatal ethanol exposure on fetal and
postnatal metabolism and endocrine balance (3, 21, 25, 33).
Although the importance of the carbohydrate metabolism for a
successful metabolic transition from uterine to extrauterine life
(10, 11, 22) and later, in adaptation to the adult diet (4) are known,
there are only a few studies on changes in the glucose/insulin
interactions in the offspring of pregnant mothers under ethanol
treatment.

In the present work we have studied the effects of the mother’s
ethanol ingestion during gestation on the postnatal glucose and
insulin balance in the offspring, as well as the glucose and plasma
insulin response to an oral glucose load in both weaning and grown
offspring of these mothers.

METHOD
Animals and Diets
Female Wistar rats (150 = 10 g body weight) from our colony
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were used, and maintained under automatically controlled temper-
ature (23 = 1° C) and 12 hour light-dark cycles (900 to 2100 light).
The animals were divided into the following groups according to
the described chronic ethanol ingestion model (31): 1) Ethanol-
treated rats receiving chow diet ad lib (Panlab, Spain) and 10%,
15%, 20% and 25% ethanol (w/v) in their drinking fluid for the
Ist, 2nd, 3rd and 4th weeks respectively. After this period, they
were mated with nontreated males, and day 0 of gestation was
established with the presence of spermatozoa in vaginal smears.
Pregnant rats were maintained under 25% ethanol in drinking
fluid. 2) Control rats also received ad lib water and normal diet and
were handled regularly for the same amount of time as the
ethanol-treated rats. The only differences between the two groups
was the ethanol solution in the experimental group’s water.

Pregnant rats remained on their respective diets and treatments
throughout the gestational period until normal delivery. After
birth, newborn rats were separated from their mothers, and after
the readjustment of the litter size to 8-~10 pups per litter, they were
immediately placed with normal lactating rats which had delivered
no more than 6 hours. No pup cannibalism was observed in these
foster mothers.

Sacrifice and Biochemical Methods

Pups of both sexes from the two experimental groups before
suckling (day 0) or on days 1, 4, 15 and 30 of life, were sacrificed
by decapitation between 9 and 10. To minimize differences in the
birth time, pups studies at day 0 were selected from those mothers
having delivered between 7 and 8 and both the newborn and their
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TABLE 1

BODY WEIGHT AND CIRCULATING GLUCOSE AND INSULIN LEVELS AT
DELIVERY IN ETHANOL-TREATED AND CONTROL RAT MOTHERS

Body Blood Plasma Glucose/
Weight Glucose Insulin Insulin
(g) (mg/100 ml) (pU/ml) Ratio
Control 291 = 4 79 1 30 =7 0.92 £ 0.15
Ethanol 238 = 71 59 + 5% 25 = 8 0.81 = 0.15

Values are mean = SEM of 5-7 rats. Statistical comparisons versus
controls were done by Student’s r-test: *p<<0.01, p<<0.001.

mothers were decapitated 2 hours after the onset of delivery. The
blood of each litter was collected into dry heparinized beakers, and
aliquots were deproteinized (29). The supernatant was used for
blood glucose assay (16). Plasma samples were used for insulin
quantification with a rat-specific radioimmunoassay kit (13) gen-
erously provided by Novo Industry A/S (Denmark). Pieces of liver
from three pups per litter were immediately frozen and pooled for
glycogen extraction and quantification (12).

Glucose-Tolerance Test

In vivo experiments were carried out on 30-day-old male and
female rats from both experimental groups. In order to study the
animals with an empty stomach but without the prolonged food
deprivation period which would decrease sensitivity in the re-
sponse to glucose load (8), and therefore reduce potential differ-
ences between the groups, it was decided to carry out the
glucose-tolerance test in all animals after 6 hours’ fasting. They
were given 2 g glucose/kg body weight intragastrically using a
30% glucose solution. Blood samples were then collected into
heparinized tubes, by decapitation of different animals at 0, 5, 10,
15, 30, 45, 60, 90 or 180 minutes after the glucose load.

After weaning (on day 30), other rats from the two experimen-
tal groups were maintained without handling and on normal adult
diet. When they were 90 days old, the same glucose-tolerance test
was performed. In this case, blood from the tail tip was collected
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into heparinized beakers at 0, 5, 15, 30, 45, 60, 90 and 180
minutes.

Deproteinized blood aliquotes and plasma samples were frozen
until glucose (16) and insulin (13) measurements could be made.

RESULTS
Maternal Parameters

After a phase of adaption to progressively increasing amounts
of ethanol, rats received a stable dose of ethanol throughout
pregnancy (25% in drinking water). This protocol was previously
used by us to establish the manner in which this treatment affects
maternal food and caloric intake (31), and it was found that
whereas ethanol ingestion accounted for more than 30% of total
calories ingested, total energy intake during pregnancy in these
rats did not differ from that of controls (25.3+1.3 vs. 24.6 0.4
kcal/100 g b.wt./day respectively). As shown in Table | at
delivery time, both body weight and blood glucose concentration
in the ethanol-treated mothers was significantly lower than in
controls, whereas plasma insulin and the glucose/insulin ratio did
not differ between the two groups.

Postnatal Parameters: Body Weight, Blood Glucose, Plasma
Insulin and Liver

As shown in Table 2, the body weight for newborn offspring of
ethanol-treated mothers is significantly lower than in controls at 0,
1, and 4 days after birth, and this difference disappeared from day
15 on. Blood glucose levels and liver glycogen did not differ in
offspring from ethanol-treated mothers and controls throughout the
studied development period, except on the first day of life, when
the newborn from ethanol-treated mothers presented evident hy-
poglycemia (Table 2). The mean plasma insulin levels were
slightly higher and the glucose/insulin ratio slightly lower in the
pups from ethanol-treated mothers than in the controls’ pups,
although the difference between the groups was not significant at
any of the age-times studied (Table 2).

Glucose-Tolerance Test

To clarify whether ethanol-treated mother’s offspring have any

TABLE 2

BLOOD GLUCOSE, PLASMA INSULIN, AND LIVER GLYCOGEN IN 0, 1, 4, 15 AND 30-DAY-OLD RATS
BORN FROM ETHANOL-TREATED OR CONTROL MOTHERS

Postnatal Body Blood Plasma Glucose/ Liver
Age Weight Glucose Insulin Insulin Glycogen
(days) (2) (mg/100 ml) (wWU/ml) Ratio (g/100 g)
Control 0 5.6 = 0.1 58.8 £ 5.8 498 = 5.8 1.2 £ 0.1 4.4 = 0.7
1 6.4 £ 0.2 69.8 + 3.1 458 £ 9.0 1.5 £ 0.2 1.1 £ 0.1
4 10.5 £ 0.3 98.5 = 1.8 20330 34 =04 1.5 £ 0.7
15 27.2 £ 0.1 104.3 £ 5.1 207 £58 50207 25=x04
30 91.7 £ 2.2 120.1 = 3.5 258 £ 20 4704 63=06
Ethanol 0 5.1 £0.1% 67.1 £ 7.1 547 £ 5.6 1.2 £ 02 48 =07
1 5.8 = 0.1% 55.7 = 5.5% 557 7.2 1.0 £ 0.2 1.3 x02
4 9.2 £ 0.5% 94.3 = 1.7 332 £57 2705 26=03
15 272 £ 1.3 108.1 + 4.2 21730 48 x£05 20=0.1
30 91.8 = 2.7 1235 £ 2.3 32235 3804 50=x=02

Values are mean £ SEM of 8-10 litters. Statistical comparisons versus controls were done by

Student’s r-test: *p<<0.05, $p<<0.001.
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FIG. 1. Glucose-tolerance test in 30-day-old rats born from ethanol-treated
(®---®) or contro! (@ —®) mothers. Values are expressed as percentage
of zero time and are mean= SEM of 5-7 litters. Statistical comparisons
versus controls were done by student’s r-test: *p<<0.05. Zero time values
were for blood glucose (mg/100 ml): 103.9+5.6 in the ethanol-treated
group vs. 109.9=4.7 in controls (nonsignificant); and for plasma insulin
(uU/ml): 23.2+3.5 vs. 32.8 £5.0 respectively (nonsignificant).

other glucose homeostatic alteration, glucose-tolerance tests were
carried out in other experimental animals at the end of the weaning
period. The results of the glucose-tolerance test in 30-day-old pups
are shown in Fig. 1. When expressed as percentual glucose value
at zero time, the blood glucose increase at 5 minutes was
significantly greater in pups born from ethanol-treated mothers
than in controls’ pups. Whereas glucose values in the ethanol
group peaked at 15 minutes, in the control group this occurred
only at 30 minutes. Values at greater times did not differ between
the two groups. Plasma insulin levels also increase higher and
faster in the pups born from ethanol-treated mothers than in the
pups from controls.

To determine whether observed changes in glucose-tolerance
tests persist during a longer time after birth, the test was also
performed in rats from both experimental groups but at 90 days
after birth. In these experiments, male and female animals were
studied separately and the values of the glucose-tolerance test are
shown in Table 3 (blood glucose levels) and in Fig. 2 (plasma
insulin levels) expressed both as percentage of the zero time

TABLE 3

BLOOD GLUCOSE LEVELS AFTER AN ORAL GLUCOSE LOAD IN 90 DAY
OLD MALE AND FEMALE RATS BORN FROM ETHANOL-TREATED OR
CONTROL MOTHERS

Males Females

Minutes After
Glucose Load Control Ethanol Control Ethanol

0 100 100 100 100

5 130 + 11 116 + 6 134 + 10 114 £ 5
15 148 = 8 155 = 2 154 = 10 153 = 4
30 156 + 4 169 £ 9 160 = 9 150 = 6
45 155 = 10 154 = 5 159 = 5 148 = 2
60 171 = 8 156 = 5 162 + 6 149 = 7
90 150 = 4 146 = 7 152 + 6 140 = 7
180 122 = 8 130 = 12 131 = 12 112 £ 4

Values are expressed as percentage of the zero time value and are
mean = SEM of 5-7 rats/group. No significant differences (p<<0.05)
were found by Student’s r-test between ethanol and control values. Zero
time values in mg/100 ml were for males, 94.3 + 2.7 in the ethanol group
and 89.2 = 2.9 in controls (nonsignificant) and for females 96.7 = 4.2
and 79.4 = 5.8 (p<<0.05) respectively.
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FIG. 2. Plasma insulin levels after an oral glucose load, in 90-day-old male
and female rats, born from ethanol-treated (@---@) or control (@ —@®)
mothers. Values are expressed as percentage of the zero time value and are
mean = SEM of 5-7 rats/group. Statistical comparisons versus controls are
made by Student’s -test: *p<<0.05. Zero time values in wU/ml for males
were 48.3 7.8 in the ethanol group vs. 74.8 +11.5 in controls (nonsig-
nificant) and, for females, 27.5+£7.8 and 67.5%15.5 respectively
(p<<0.05).

values. Blood glucose values at different times after glucose load
did not differ between adult males and females born from either
ethanol-treated or control mothers (Table 3). Higher plasma
insulin levels were detected in both adult males and females born
from ethanol-treated mothers than in control offspring after the
glucose load (Fig. 2), and this change is comparable to that found
in the weaning rats (Fig. 1).

DISCUSSION

The present study shows that offspring from rats receiving
ethanol during pregnancy have an enhanced response to oral
glucose load as far as their plasma insulin is concerned. Nursing
with untreated foster mothers from birth allowed the experimental
pups to recuperate both a normal nutritional condition during the
suckling period and their reduced birth weight. However, at 90
days they still had an enhanced response to oral glucose load
indicating that this defect is a consequence of their exposure to
ethanol during intrauterine life. Although a slightly augmented
increase in blood glucose was found at the first minutes after
glucose load in the 30-day-old rats born from ethanol-treated
mothers, this was not the case when the test was performed in
90-day-old rats. This indicates the presence of an enhanced
sensitivity of the pancreatic B-cell to glucose stimulus, although
some degree of insulin resistence also seems to be present due to
glycemia stability.

Present findings on unmodified plasma glucose and liver
glycogen concentration in newborn rats from ethanol-treated
mothers agree with some previous reports (27,34) but not with
others (15, 26, 30, 32, 37). It is accepted that pups born from
alcoholic pregnant rats show important variations in glucose-
circulating levels in the course of the first hours of life (27), and
this, together with differences in dose and experimental design,
could explain the discrepancies. There is, however, general
agreement on the tendency of sustained-enhanced plasma insulin
levels in the offspring of ethanol-treated mothers (26, 27, 32, 34,
37). Our present findings clearly show that the pancreatic hyper-
sensibility to glucose existing in these offspring may be responsi-
ble for the persistent hyperinsulinemia. We suspect that the
mechanism underlying the response may be influenced by intrau-
terine malnutrition secondary to ethanol intake during pregnancy.
This malnutrition occurs even when the mothers taking ethanol
receive the same caloric intake as the controls (35). Another factor
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affecting fetal malnutrition is the impaired metabolite placental
transfer from the mother (14). Gestational malnutrition with
intermittent hypoglycemia may cause glucose insulinotropic hy-
persensitivity in the newborn rat (28). It is therefore hypothesized
that intrauterine malnutrition caused by the mother drinking during
pregnancy could affect normal maturation of the insulin secretory
mechanism accounted during the first 2-3 days of life in the rat (5)
and so cause permanent pancreatic hypersensitivity. Maintenance
of normoglycemia in the presence of enhanced plasma insulin
levels after glucose loading also indicates the presence of some
level of insulin resistence in the pups from ethanol-treated moth-
ers, but further studies are necessary to clarify this point.

Earlier studies in the rat and other species show enhanced
insulin response to glucose load in the offspring of ethanol-treated
mothers around parturition. Chronic ethanol exposure in the rat
during pregnancy produces a high insulin response to glucose load
in newborns up to three days after birth (34). In the sheep, acute
ethanol exposure in the mother also enhances the insulin response
to glucose load in the fetus (7). An enhanced insulin pancreatic
response and/or a peripheral insulin resistance in children affected
with Fetal Alcohol Syndrome has also been shown (6). Our data
from the glucose tolerance test in 90-day-old rats born from
ethanol-treated mothers evidences the permanence of this alter-
ation and suggests that this abnormality is responsible for some of
the metabolic alterations shown to be present in the offspring of
alcoholic mothers.
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It is, however, important to note that besides interspecies and
intraspecies variations caused by different sensitivities to ethanol,
the reproducibility of these findings must take to consideration the
delivery (vaginal or cesarian), ethanol dose and time of treatment
as well as administration mode, since all of these factors are
known to affect any response to ethanol intake during pregnancy
(1,24). There is also an additional factor which may influence the
observed findings. We have previously shown that, as occurs in
humans, offspring from ethanol-treated mother rats suffer high
neonatal mortality (20) and this factor may introduce a very
important degree of natural postnatal selection. These indirect
effects, together with those caused directly by ethanol during
intrauterine life, may be responsible for both the reduced newborn
weight and the permanent alteration in the insulin balance. Further
studies are needed to establish the precise mechanism by which
maternal ethanol intake during pregnancy causes these alterations
and how they participate in the other pathological manifestations
present in the Fetal Alcohol Syndrome.
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