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MINETTI, A., M. P. AROLFO, M. B. VIRGOLINI, J. D. BRIONI AND S. FULGINITI. Spatial learning in rats
exposed to acute ethanol intoxication on gestational day 8. PHARMACOL BIOCHEM BEHAYV 53(2) 361-367, 1996.—
Pregnant Wistar rats were treated on gestational day 8 (GD 8) with two IP injections of either ethanol (2.9 g/kg in 24% v/v
saline solution) or saline. Offspring were tested in the water-maze task at 45 or 90 days of age. The escape latencies of rats
trained with a submerged escape platform at a fixed location were similar between control and experimental rats. Analyses of
responses on a probe trial carried out 10 days after the training period, revealed that 90-day-old females prenatally exposed to
alcohol were less likely to swim in the target region. No differences were observed in this free-swim trial in 45- and 90-day-old
male, and 45-day-old female animals. Binding studies of low-affinity GABA,, sites in the hippocampus showed an increase in
affinity of PH]JGABA, for their binding sites in 90-day-old female offspring prenatally intoxicated with ethanol. Our results
demonstrate that acute intoxication with ethanol on GD 8 did not modify acquisition but impaired the retention of spatial
learning only in adult female rats. It is possible that the impaired retention will be consequence of higher GABA, receptor

affinity.
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PRENATAL alcohol exposure in humans can produce a vari-
ety of physical, physiological, and behavioral abnormalities
(31), which have been termed Fetal Alcohol Syndrome (FAS)
(17). Chronic ethanol exposure during pregnancy in rats and
mice produces alterations similar to those observed in humans
(2,10,19,31,33). Among the behavioral dysfunctions, these an-
imals exhibit hyperactivity and learning disabilities. Alter-
ations in the development of several neurotransmitter systems
involved in the regulation of learning and memory in different
animal models of FAS (9,11,30,34) have also been demon-
strated, as well as neural changes that could be responsible for
the behavioral deficits observed following prenatal ethanol
exposure. Thus, reductions in hippocampal pyramidal cell
number (5,38), alterations in hippocampal mossy fiber (37),
and a decrease in the density and arrangement of dendritic
spines (1) have been described.

Acute exposure to alcohol during a critical period of fetal
development induces teratogenic effects in mice (32,36). In the
rat, acute intoxication with alcohol during gestational day 8
(GD 8)—period of gastrulation—induces dose-dependent
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morphological and behavioral alterations in the offspring
(23,35), as well as altered reactivity to several pharmacological
agents (13,14,24), which induced modification in some mono-
aminergic functions.

It is well known that the hippocampus plays an important
role in spatial learning and memory (25,28,29). Several studies
suggest that cholinergic septohippocampal pathway [see (8)]
and glutamatergic system [see (27)] are involved in regulating
spatial learning. Other neurotransmitter systems, like the
GABAergic [see (8)] and serotonergic [see (22)], also modulate
this kind of learning. Therefore, there is evidence indicating
that GABA may affect memory processes through its effects
on cholinergic function. It was shown that GABAergic ago-
nists reduce hippocampal cholinergic activity and impair re-
tention of spatial information (7). The effects of GABAergic
drugs on memory storage are mediated, at least in part, by
the septum, amygdala, and hippocampus (3). As regards the
serotonergic system, several evidence suggests that serotonin
(5-HT) exerts an inhibitory influence on spatial learning and
memory [see (22)].
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Spatial learning has been ultimately evaluated in a navigation
task (26), a task sensitive to hippocampal dysfunction (25). Here,
rats quickly learn to locate and climb onto a submerged platform
using only distal cues to the platform position, available within
the testing room. Previous studies have shown impaired perfor-
mance on the Morris water task in young and adult rats chroni-
cally exposed to alcohol during pregnancy (6,15). In a previous
work, we have found different behavioral responses induced by
5-HT agonists in 45- and 90-day-old offspring prenatally ex-
posed to ethanol on GD 8 (14).

Considering the above-mentioned evidence, we studied the
effects of acute ethanol intoxication on GD 8 on acquisition
and retention of spatial information, using the Morris water-
maze task (26), in 45-day-old and 90-day-old male and female
offspring. Furthermore, to determine whether possible alter-
ations in spatial learning correlates with changes in GABA
function, the binding of low-affinity GABA, sites in hippo-
campus was also determined.

METHOD
Subjects

The procedure used to expose rats to ethanol during GD 8
has been previously described (13). Briefly, parent animals
were male and nulliparous female Wistar rats (90-120 days
old). They were housed in a 12 L : 12 D cycle (light onset: 6700
h), provided with food and water ad lib, and under constant
temperature conditions (22 + 1°C). In the evening of the pro-
estrus day, they were housed overnight with male rats. The
presence of spermatozoa in the vaginal smears was taken as
an index of pregnancy, and was referred to as gestational day
1 (GD 1). On GD 8, dams were randomly divided into two
groups: control group (CG) containing nine rats, and experi-
mental group (EG) containing eight rats. While the EG re-
ceived two IP injections of ethanol (2.9 g/kg in 24% v/v saline
solution), spaced by an interval of 4 h (1000 and 1400 h), the
CG received an identical volume of saline. Injections were
administered with considerable care to avoid trauma to the
uterus. This last group was maintained without food and wa-
ter while the time alcohol-treated rats exhibited an inhibition
of feeding habits (aproximately 12 h). Throughout gestation,
pregnant females were fed with a lab chow maternity diet
(Nutrimentos S.A., pregnancy lab chow). Maternal blood eth-
anol levels have been previously reported (13). Briefly, they
were determined by gas chromatography at different times
after alcohol injections; the highest alcohol levels were ob-
served 60 min after the second dose (457 + 12 mg/dl, mean
+ SEM).

Within 24 h after delivery (postnatal day 1, PD 1), all pups
were weighed. Litters were then randomly culled to five males
and five females whenever possible. Offspring were weaned at
25 days of age and housed in groups of 8-12 rats according
to sex and treatment. At 45 or 90 days of age, control and
experimental male and female offspring (one or two animals
from each litter) were trained in the Morris water maze.

Behavioral Studies

Apparatus. The water maze was a circular, galvanized-steel
tank measuring 1.80 m in diameter and 0.50 m in height, filled
to a depth of 20 cm with 25°C water (4). Attached to the rim
of the tank along 1.70 m of its circumference was a white strip
extending 20 cm from the rim which served as a salient cue.
Other distal cues were also available in the environment sur-
rounding the tank. Four points equally spaced around the
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perimeter of the tank were arbitrarily selected as starting loca-
tions. On this basis, the tank was divided into four equal
quadrants in a clockwise order (target, adjacent, opposite,
and adjacent). Located in the center of one of these quadrants
was a 14 x 14 x 19 cm (w/l/h) Plexiglas platform (i.e., its
surface was 1 cm below the water level). The platform re-
mained in a fixed location throughout the training period of
the place-trained animals.

Place-training procedure. Place-trained animals were re-
quired to locate a submerged platform that was not visible to
the rat, but was always located in the same position with
respect to the spatial environment, mereoy aliowing the rat to
determine the platform location by using distal cues. A trial
began when the rat was placed in the pool facing the wall of
the tank at one of the starting positions, which varied from
trial to trial in a quasirandom order. The rat was allowed to
swim until it located and climbed onto the escape platform.
Rats were gently guided to the platform if they failed to locate
it within 90 s. The rat remained on the platform for 20 s before
being removed. Two additional trials were given with 5-10-s
intertrial intervals. Following the third trial, the rat was re-
turned to its home cage. The rats received a total of 12 trials
during 4 consecutive days of training. Escape latencies were
measured registering the time after being released into the
pool until the rat escaped onto the platform. All trials were
videotaped through wide angle lens attached to a camera
mounted above the tank.

Free-swim trials. This 30-s trial was carried out 10 days
after the completion of the four training sessions. The four
possible positions of the platform and the limits of the four
quadrants were marked on the video screen to indicate their
exact surface area. The escape platform was removed from
the tank and the rat was allowed to swim for a 30-s period.
From video tapes made during this free-swim trial it was possi-
ble to calculate three measures of spatial behavior: 1) latency
to cross the target platform location: the time in seconds to
cross the target platform marked on the screen; 2) quadrant
time: the number of seconds spent by the rat in each of the
four quadrants in which the tank was divided; and 3) platform
crossings: the number of times the rat traversed the former
position of the escape platform as well as the crossings made
on the three remaining platform locations (one for each of the
remaining quadrants). These three measures were used to as-
sess the degree of spatial bias of the rats toward the target
quadrant during the free-swim trial.

Neurochemical Study

Binding assays. Low-affinity ’H]JGABA binding was de-
termined in 45- and 90-day-old female offspring according to
the method of Enna and Snyder (12), with minor modifica-
tions. Rats were previously habituated to the manipulations
that precede killing four times daily for 7 days. After this
period, animals were killed, the brain rapidly removed, and
the hippocampus of two or three rats (for females 45 and 90
days old, respectively) dissected on ice, were pooled and used
for each experiment. The fresh tissue was homogenized in 10
vol of 0.32 mol/1 sucrose and centrifuged at 0°C, 900 x g for
10 min; the supernatant was centrifuged at 11,000 x g for 20
min. The resultant pellet was submitted to hypotonic shock in
12 vol of water and centrifuged at 20,000 x g for 30 min. The
final crude membrane fraction was stored at —20°C for at
least 24 h before assay. Frozen membranes were resuspended
in 50 mmol/l Tris-HCI buffer (pH 7.1) containing 0.5 g/1
Triton X-100, incubated at 37°C for 30 min and centrifuged at
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0°C, 100,000 x g for 30 min. The resulting pellet was washed
twice by resuspension in Tris-HCl buffer. Specific "HIGABA
(100.0 Ci/mmol, DuPont, New England Nuclear, Boston,
MA) binding was determined in aliquots of crude membrane
fraction (0.08-0.15 mg protein) incubated for 5 min at 0°C
with 0.6 ml buffer containing "HJGABA. The concentration
of PH]JGABA varied between 10-600 nmol/l (low-affinity re-
ceptor); HJGABA was maintained constant (10 nmol/l),
whereas the concentration of nonradioactive GABA varied.
The reaction was stopped by centrifugation of the vials at
17,000 x g at 4°C. The supernatant was discarded and pellets
rapidly rinsed with 1 ml ice-cold buffer. The pellets were trans-
ferred to vials to count the radioactivity in 3 ml of a solution
containing tolueno-Triton X-100-2,5 diphenyloxazole (PPO,
Sigma Chemical Co., St. Louis, MO). The nonspecific bind-
ing, assayed in the presence of 1 mmol/l GABA, was sub-
tracted from the total radioactivity, yielding values of specific
binding. Protein was determined by the method of Lowry et
al. (20). The data were analyzed using Scatchard analysis of
saturation.

Statistics

Spatial learning acquisition data were analyzed by an anal-
ysis of variance (ANOVA) with repeated measures followed
by the Fisher PLSD test for individual mean comparisons.
The statistical analysis used for the free-swim data was a mul-
tivariated ANOVA (MANOVA) for all the quadrants. Bind-
ing results were analyzed by a two-way ANOVA and subse-
quent post hoc comparisons were performed using the Fisher
test.

RESULTS
Maternal Data

As previously reported (13,14), acute ethanol treatment of
pregnant rats did not significantly affect body weight gain
during pregnancy, gestational lenght, litter size, or body
weight of pups at birth.

Place-Training Performance

Escape latencies during the 12 trials for all groups (Fig. 1)
were analyzed using four-way ANOVA (group X sex X age
X trial) with trials as a repeated measure. The analysis re-
vealed a significant effect of age, F(1, 62) = 4.6, p < 0.03,
and a repeated measure trial effect, F(11, 682) = 71.8, p <
0.0001. However, there was no group, sex, and interaction
between groups effects. When we compared performance in
individual groups, we observed no differences in acquisition.
Escape latencies during the 12 training trials, in 45-day-old
male offspring, are shown in Fig. 1A. Both groups of rats
reduced their escape latencies over trials, but no differences
between control and experimental rats were observed in the
acquisition phase. When a two-way ANOVA with repeated
measures was made, there was a repeated measure trial effect,
F(11, 176) = 14.0, p < 0.0001, but there was neither group
nor group X trial interaction effects. Similar results were ob-
tained in 90-day-old male offspring. No differences in escape
latencies during the 12 training trials were observed between
groups (Fig. 1B). Both control and prenatally ethanol exposed
90-day-old male groups showed decreased escape latencies
over trials. There was a repeated measure trial effect, F(11,
154) = 19.4, p < 0.0001, but there was neither group nor
group X trial interaction effects.

In 45-day-old females, escape latencies diminished over tri-
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als in control as well as in experimental rats (Fig. 1C). There
was a repeated measure trial effect, F(11, 165) = 15.5, p <
0.0001, but there was no group or group X trial interaction
effects. Control and experimental 90-day-old female rats did
not differ during place training (Fig. 1D); both groups exhib-
ited reduced escape latencies over trials. There was a repeated
measure trial effect, F(11, 187) = 27.9, p < 0.0001, but there
was neither group nor group X trial interaction effects.

Free-Swim Trials Performance

Figure 2 shows the time all groups spent in the four quad-
rants. A MANOVA [sex, age, sex X age and group (sex X
age)] in the target quadrant (PP1) showed a significant sex X
age interaction, F(1, 62) = 4.4, p < 0.05. We did not find
differences among sex, age, and group (sex X age). In the
other quadrants, the MANOVA did not show significant dif-
ferences. Figure 2 shows the time spent by 45- and 90-day-old
male and female offspring in the four quadrants during the
free-swim trial carried out 10 days after the last day of train-
ing. As a matter of interest, we studied if there was a differ-
ence in the time spent between quadrants and the analysis
showed a significant quadrant effect, F(3, 186) = 52.5, ad-
justed p < 0.001 (Huyhn and Feldt). As shown in Fig. 2A, B,
and C, control and experimental rats from 45- and 90-day-old
male and 45-day-old female offspring spent more time search-
ing in the target quadrant as compared to the other quadrants.

The results were somehow different when 90-day-old fe-
male rats were analyzed. Although there was no difference
among groups in the MANOVA, we analyzed this group of
rats in particular due to the fact that in previous studies, we
have found that in another group of 90-day-old female off-
spring, the prenatally exposed to ethanol rats were impaired in
the retention of spatial information 10 days after the acquisi-
tion period. This was reflected by the greater escape latencies
to reach the platform [CG = 8.5 + 0.7(n = 8), EG = 16.1
+ 2.9 (n = 8)]. The MANOVA in the 90-day-old female
offspring showed a significant quadrant X group interaction,
F(3, 51) = 3.2, adjusted p < 0.05 (Huyhn and Feldt). When
we analyzed each quadrant, a significant difference between
control and experimental groups in the target quadrant, F(1,
17) = 6.9, p < 0.02, was observed. These results indicate
that only 90-day-old control females exhibited spatial bias to-
wards the target quadrant 10 days after acquisition (Fig. 2D).
The time spent by control rats in the target quadrant was
significantly more than the time spent by the prenatally alco-
hol intoxicated females in the same quadrant. Furthermore,
the experimental group swam approximately the same time in
all quadrants, despite the fact that their escape latencies did
not differ from those of control group during the place train-
ing procedure. Table 1 shows no difference in the latency to
reach the former target platform position, although the num-
ber of target crossings made by the prenatal ethanol treated
group was smaller than the control group one. The target
crossings are correlated with the less time spent in the same
quadrant and it also reflects a memory impairment. No differ-
ences among groups were found in latency to cross the former
platform position and the number of target crossings in 45-
and 90-day-old male and 45-day-old female offspring (data
not shown).

Binding Data

This results were analyzed using two-way ANOVA (group
X age), which revealed a significant group X age interaction
effect, F(1, 19) = 4.9, p < 0.05, without group or age ef-
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FIG. 1. Escape latencies in seconds for male of 45 (A) and 90 (B) days, and female offspring of 45 (C) and 90 (D) days of age. Control and
prenatally ethanol-treated rats were place-trained with three trials per day during 4 consecutive days. Data represent the mean time of 8-10

animals per group.

fects. As observed in Table 2, low-affinity GABA, binding
measured in hippocampus was similar in control and experi-
mental 45-day-old females. There were neither differences be-
tween groups in the total number of low-affinity [HIGABA
binding sites (B,,,,) nor in the affinity of PHJGABA for their
binding sites (K,;). However, prenatally treated females with
ethanol showed, at 90 days old, a higher K, without change in
B,., when compared with control group.

DISCUSSION

Our results show that acute prenatal ethanol intoxication
did not affect acquisition of spatial information, because the
alcohol-exposed animals learned to locate a submerged plat-
form in the water-maze task as well as control rats. However,
retention of spatial learning was impaired in 90-day-old fe-
male offspring prenatally treated with ethanol on GD 8. They
did not exhibit spatial bias towards the target quadrant 10
days after acquisition. In 45-day-old male and female rats,
and 90-day-old male offspring, acute prenatal exposure to
alcohol did not alter spatial memory in this task.

Previous studies have demonstrated that offspring to

mothers chronically exposed to ethanol exhibited impaired
performance in the Morris task. These works showed that
22-day-old male and female offspring, whose mothers re-
ceived ethanol from day 6 to 20 during pregnancy, found it
difficult to locate a submerged platform in a water tank (6).
Likewise, animals exposed to ethanol through all gestation,
and tested at 40, 60, and 90 days old in the Morris task, have
also showed deficit in the spatial performance (15). When
ethanol was administered during postnatal days 4-10 it in-
duced disability to perform the maze task in young male and
female offspring (19-30 days of age) (16), and only in adult
90-day-old female rats (18). The difference between those in-
vestigations that have found a deficit in the acquisition of
spatial learning at different ages, and our present data might
be attributed to the distinct patterns of alcohol exposure —
mainly time of administration —as well as environmental fac-
tors during the experiments.

Our experiments indicate an impaired retention of a spatial
learning task in 90-day-old female offspring prenatally treated
with alcohol. Other studies also demonstrated that 40-, 60-,
and 90-day-old offspring chronically exposed to ethanol dur-
ing pregnancy performed poorly on the first trial of each day
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FIG. 2. Time spent in the four quadrants of the pool during the free-swim trial, carried out 10 days after training period, by males of 45 (A) and
90 (B) days, and female offspring of 45 (C) and 90 (D) days old. Quadrants were designated in a clockwise order: PP1 target, PP2 adjacent, PP3
opposite and PP4 adjacent. Data represent the mean + SEM time in seconds (# = 8-10 animals per group). **p < 0.02, as compared to the

time spent in the target quadrant by the experimental rats.

of testing in the Morris task, and when the platform was
removed, they searched for it in all four quadrants of the
pool, which suggests impaired retention of spatial information
(15). Our data is consistent with the notions that alcohol dif-
ferentially impair cognition in male or female rats. Thus, spa-

TABLE 1

EFFECT OF PRENATAL ETHANOL
EXPOSITION IN 90-DAY-OLD FEMALE
OFFSPRING IN THE LATENCY TO CROSS
AND THE NUMBER OF CROSSINGS OF THE
TARGET PLATFORM LOCATION DURING
THE 30-s FREE-SWIM TRIAL

Group n Latency Crossings

Control 9 8.1 + 1.2 2.1 £ 0.3
Ethanol 10 13.6 + 2.8 1.2 + 0.3*

Results are expressed as the mean + SEM
time in seconds for latency and number of plat-
form crossings.

n = number of animals per group.

*p < 0.05 significantly different from the
control group.

tial information processing was more affected by chronic pre-
natal alcohol exposure in female than in male offspring (6).
The performance in the water maze task has also been im-
paired in adult female but not in adult male rats exposed to
alcohol during 4-10 postnatal days (18). Moreover, deficits in
the performance on a two-way shock-avoidance task have

TABLE 2

EFFECTS OF PRENATAL ETHANOL EXPOSITION
IN FEMALE RATS OFFSPRING ON LOW-AFFINITY
PHIGABA BINDING IN HIPPOCAMPUS

B K,
Group Age n  (pM/mg protein) (nM)
Control 45 6 1.77 = 0.30 28.2 + 7.8
90 § 1.56 + 0.29 220 £ 29
Ethanol 45 5 1.82 + 0.45 24.0 + 2.2
90 7 2.00 + 0.48 42.5 + 7.0*f

Values represent the means + SEM.

n = number of animals per group.

*p < 0.05 compared to control group of the same age.
fp < 0.05 compared to ethanol group of 45 days of age.
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been demonstrated only in female rats chronically exposed to
ethanol in utero (2). This greater vulnerability to alcohol for
the female is difficult to interpret. However, considering that
the hippocampus development is sexually dimorphic (21),
perinatal alcohol could differentially affect the hippocampus,
depending on the sex. Our experiments concern an acute in-
toxication with alcohol that produces high blood alcohol levels
during gastrulation period. In previous works, we found that
male and female offspring exhibited a similar sensitivity to
the hypnotic effect of ethanol and no sexual differences on
behavioral response to 5-HT, agonist (13,14). However, in
recent experiments we observed that the reactivity to the ansio-
Iytic effect of ethanol measured in the plus-maze test is higher
in adult females compared with male offspring submited to
the same treatment. Also, cortical endogenous levels of 5-HT
are lower in experimental animals than in controls only in
adult males and not in females (unpublished results). This
evidence will indicate that different effects on males and fe-
males are possible according to the behavioral and neural sys-
tem studied.

In this study an impaired retention in adult females but
not in younger animals prenatally treated with ethanol was
observed. In previous works we have found that at 45 days old
the experimental offspring exhibited an increased behavioral
response to 5-HT, and 5-HT, agonists, and that at 90 days
old they showed a diminished behavioral reactivity to 5-HT
agonists as compared to controls. Also, the hypnotic effect
of ethanol was different and opposite in 45- and 90-day-old
experimental offspring (14,13). Deficits presented in spatial
memory processes by chronic exposure to ethanol in utero, are
also more severe in adult life (15).

On the other hand, our biochemical data indicate that 90-
day-old, but not 45-day-old, females prenatally exposed to
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alcohol on GD 8 showed a significant increase in affinity of
hippocampal low-affinity GABA, binding sites with respect
to the control rats. No differences were found in the total
number of hippocampal low-affinity GABA, binding sites be-
tween control and experimental female 45-day-old rats. Brioni
et al. (7) have demonstrated that pretraining muscimol (GABA ,
agonist) injections in the septum impaired retention of spatial
information but not acquisition. These evidences allow us to
suggest that the greater affinity of hippocampal low-affinity
GABA, binding sites observed in 90-day-old female intoxi-
cated with ethanol on GD 8 might be responsible, in part, for
the impaired retention exhibited in this animals. Furthermore,
we did not find differences in low-affinity GABA, binding
between control and experimental 45-day-old female rats; co-
incidentally, at this age we did not observe alterations in ac-
quisition and retention of spatial learning either.

In conclusion, our results demonstrate that acute intoxica-
tion with ethanol during GD 8 impaired the retention of spa-
tial information in adult female offspring, without altering the
acquisition of the learning in all groups. Also, the same group
of rats presented alterations in low-affinity GABA, binding,
which could probably explain the impairment in the retention
of spatial information. However, the study of other neuro-
transmitter systems on several neural structures that also regu-
late the spatial learning and memory, are needed to clarify the
possible mechanism involved in the altered memory observed.
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