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Abstract

Some of the behavioral deficits caused by prenatal or postnatal alcohol exposure have been demonstrated to be ameliorated by
environmental manipulations such as handling or environmental enrichment. This experiment, in contrast, investigated whether behavioral
deficits due to prenatal alcohol exposure could be exacerbated by a stressful experience, early weaning. Pregnant dams were given either a
liquid diet with 35% of the calories derived from alcohol, a liquid diet without alcohol to control for any effects of the liquid diet
administration, or ad libitum food and water. Half of each litter were weaned at 15 days of age (early weaning) and half were weaned at
21 days of age (normally weaned). Offspring were weighed, tested for activity in an open field at 18 days of age, and trained to find a
hidden platform in the Morris water maze at 22—24 days of age. Alcohol-exposed subjects who were weaned early were more impaired in
spatial navigation ability than any other group. Similarly, the combination of early weaning and prenatal alcohol exposure caused the
slowest growth. All subjects exposed to alcohol, regardless of weaning condition, had greater latencies to find the platform than those
from the two control groups. There was no synergistic effect of alcohol and stress on activity levels, but all early-weaned females were
more active than normally weaned females; males did not show this effect. Thus, environmental stressors such as early weaning can
compound detrimental symptoms of prenatal alcohol exposure. These results have implications for the understanding of the effects of the
environment on neuronal plasticity. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

Exposure of a growing fetus to alcohol produces a
predictable array of behavioral and growth deficiencies.
The degree to which the neonate is affected at birth has been
shown to vary due to several prenatal variables—dose,
gestational age of exposure, duration of exposure, genetic
vulnerability, etc. (Abel, 1996; Hannigan et al., 1999; West,
1986). However, the environmental experiences of the grow-
ing neonate after birth, when all exposure to the teratogen,
alcohol, is finished, may also modulate the ultimate behav-
ioral expression of brain damage experienced in utero
(Hannigan and Berman, 2000). While previous experiments
supporting the role of environment in prenatal alcohol-
exposed offspring have centered on the ameliorative effects
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of “positive” experiences, this experiment reversed the
question to determine whether a “negative” experience
might worsen the effects of prenatal alcohol exposure, thus
supporting the hypothesis of environmental influence from
the opposite direction.

Various studies have tried to isolate general patterns and
levels of maternal alcohol consumption and their effects on
offspring’s growth, activity, and cognitive abilities. For
example, head circumference of alcohol-exposed neonates
was found to be negatively correlated to measures of alcohol
intake by the pregnant mother (Russel et al., 1991). A study
by Streissguth et al. (1989) examining the relationship of
prenatal alcohol exposure to IQ levels in 4-year-old children
found that there was a significant negative relationship even
in a relatively healthy, middle-class sample. Another study,
however, did not find evidence of an inverse relationship
between reports of maternal consumption and comprehens-
ive tests of cognitive abilities administered five times during
the first 5 years of life (Greene et al., 1991). These authors
deduced that developmental outcomes of effects of prenatal
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alcohol exposure have more of a relationship to environ-
mental influences than to the degree of prenatal insult.

Animal models, generally using rodents, are valuable for
examining different patterns of maternal drinking and their
effects on the fetus and its later development, and for
separating and exploring direct prenatal injury by alcohol
versus environmental factors. There have been several
studies looking at the role of two well-established “pos-
itive” paradigms of environmental manipulations on the
outcome after fetal alcohol exposure in rodents: enriched
environment and early handling. Both Hannigan et al.
(1993) and Wainwright et al. (1993) reported that 6 weeks
of rearing in an enriched environment enabled prenatal
alcohol-exposed rats and mice, respectively, to improve
Morris-maze performance to the same degree as controls.
Deficits in gait were also ameliorated by the enriched
environmental rearing (Hannigan et al., 1993). However,
in a subsequent study, prenatal alcohol-exposed rats reared
for 10 weeks in an enriched environment did not dem-
onstrate the increased CAI pyramidal cell apical and basilar
spine densities seen in control rats (Berman et al., 1996).

In a variant of the enriched environment paradigm,
postnatal alcohol-exposed and control rats were given
10 days of training on an obstacle course (Klintsova et al.,
1997). Alcohol-exposed adult offspring were found to
improve their performance on this course as well as gast-
ronomy controls, although not as much as normally reared
controls. This training had been previously shown to
increase the number of synapses in cerebellar Purkinje cells
(Black et al., 1990). The alcohol group did have compar-
able increases in this measure to both control groups,
although the relative density of the Purkinje cell layer
was decreased. In a subsequent study, postnatal alcohol-
exposed and control groups given 20 days of obstacle course
training were found to be equally improved on several tests
of coordination and balance (Klintsova et al., 1998). Sub-
jects given rehabilitation training also had similar increases
in the number of parallel fiber synapses per cerebellar
Purkinje cell (Klintsova et al., 2000).

In a series of studies looking at how early handling
changed the outcome after prenatal alcohol exposure, Wein-
berg’s laboratory demonstrated that this paradigm can have
varied effects. Three minutes of handling treatment on
Postnatal Days (PNs) 2 through 15 reversed alcohol-related
deficits in growth and some aspects of altered thermoreg-
ulatory and corticosterone responses to stress or acute
alcohol administration in adult offspring (Weinberg et al.,
1995). However, similar neonatal treatment did not attenu-
ate deficits in feedback inhibition of the HPA axis in
alcohol-exposed adult offspring (Gabriel et al., 2000). In a
subsequent study, handling ameliorated prenatal alcohol-
related postweaning growth deficits, but did not alter
prenatal alcohol-related alterations in saccharin consump-
tion. Inhibition of consumption after an aversive experience,
however, was increased by postnatal handling in the control
groups, but not in the prenatal alcohol group (Gabriel and

Weinberg, 2001). The early experience of handling also did
not attenuate deficits associated with prenatal alcohol expo-
sure on spatial navigation in the Morris water maze in adult
or aged subjects (Gabriel et al., 2002). In contrast, 20 min of
handling on PNs 2 through 21 was found to ameliorate a
spatial learning deficit due to prenatal alcohol exposure in
another laboratory: only the nonhandled, alcohol-exposed
adult offspring took significantly more trials to learn a
reversal task in a T-maze (Lee and Rabe, 1999). In this
experiment, the simpler task, initial acquisition of the
position, was not affected by prenatal diet or early handling.
Two behavioral measures that are often used to assess the
effects of teratogens in a rodent model are spatial navigation
in the Morris water maze and locomotor activity in an open
field. Prenatal and postnatal alcohol exposure causes reliable
deficits in both measures (Blanchard et al., 1987; Goodlett
et al., 1987). After Bond and Diguisto’s original finding that
prenatal alcohol exposure caused hyperactivity, increases in
activity have been noted in several rodent models (Bond and
Diguisto, 1976; Riley, 1990). This hyperactivity seems to
disappear as rats mature, but a stressor can re-elicit hyper-
activity. In this experiment, we used both of these measures,
spatial navigation and activity, to determine the modulating
effects of early weaning as an environmental stressor.
Early weaning has been used as the model for maternal
deprivation stress. One study using this paradigm found that
early weaning produced higher activity levels on PN 25 than
normally weaned pups, but only when the pups were
isolated from littermates (Fahlke et al., 1997). In addition,
adult subjects with normal weaning consumed more ethanol
compared to subjects with early weaning. These results are
in contrast to a previous study in which early-weaned rats
consumed more alcohol than did normal-weaned controls
when tested as adults (Rockman et al., 1987). The pattern of
play behavior, although not the frequency, was also altered
by early weaning (Janus, 1987). Disrupted play behavior
was also reported by Brunelli et al. (1989). However, the
combined effects of prenatal alcohol exposure and early
weaning have not yet been examined. In this experiment,
this combination was investigated for its effects on growth,
spatial navigation, and activity to determine whether an
environmental manipulation can modulate a pharmaco-
logical challenge. Juveniles were tested because these pre-
natal alcohol-related sequelae are most apparent at this age.

2. Methods
2.1. Subjects

Subjects were bred in this laboratory from female and
male Long—Evans hooded rats (Harlan Sprague Dawley,
Indianapolis, IN). Pregnant females, determined by the
presence of a vaginal plug, were individually housed in
plastic cages (45 x25x 15 cm) in an isolated nursery on a
0700 to 1900 h light—dark cycle with the temperature
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maintained at 23 °C. Females in the standard control group
had continuous access to standard lab chow (LC) and water
throughout their pregnancies. Pregnant females in the other
two groups were treated identically to LC females on
gestational days (GDs) 1 to 5. Starting on GD 6, pregnant
females in the alcohol liquid diet condition were given a
liquid diet containing 6.7% v/v ethanol (BioServ Liquid Rat
Diet F1265, BioServ, Frenchtown, NJ). This diet provided
35% of the total caloric content through ethanol. In the pair-
fed control group, pregnant females on GD 6 began receiv-
ing a similar liquid diet (BioServ Liquid Rat Diet F1264)
except that the ethanol was replaced isocalorically with
maltrose—dextrin (0% ethanol-derived calories, 0% EDC).
A pair-feeding procedure was utilized to control for caloric
intake. Each female in the 0% EDC group received the
average volume of diet consumed by a 35% EDC female on
a milliliter per kilogram body weight basis for that day of
pregnancy; this amount was derived from a decade of
archived alcohol diet intake data. Diets were presented at
1700 h. On GD 20, the liquid diets were replaced by
continuous access to LC and water and the breeding cages
were checked three times daily for births.

Pups were left undisturbed on the day births were noted.
Litters were culled to 12 pups on the day following their
birth (PN 0), leaving six males and six females when
possible. Half of the pups from each litter were weaned
“early ” on PN 15, and the other half were weaned at the
typical age on PN 21, equating sex when possible. All pups
were ear-punched according to their sex and their number
within a given condition and weighed on PN 15. After either
age at weaning, subjects were placed in a standard hanging
cage with two to three siblings and water and LC were
continually available. Subjects were weighed again on 18,
21, and 24 days of age.

To minimize litter effects, at most two males and two
females were randomly selected from the two weaning
conditions from any one litter for behavioral testing. Dif-
ferent subjects were used for the two behavioral measures.
All procedures were approved by the Institutional Animal
Care and Use Committee and are in compliance with the
National Institutes of Health Guide for Care and Use of
Laboratory Animals (Publication No. 85-23, revised 1985).

2.2. Activity testing

On PN 18, subjects were removed from the colony and
brought to an adjacent room maintained at 23 °C. After
being weighed, subjects were placed individually into an
activity boxes (44 x 44 x 14 cm) with optical beams running
along each axis at 5-cm intervals. A Macintosh computer
recorded the number of times each subject crossed the
beams. While testing, lights were dimmed. Open-field
activity was measured for a total of 15 min, timed in three
5-min intervals. All testing was conducted between 1300
and 1500 h. Only one or two subjects of each sex were taken
from any one litter (total n=88).

2.3. Spatial navigation (Morris water maze)

On PN 22 to PN 24, subjects were brought individually to
an adjacent testing room maintained at 23 °C A subject was
placed into a circular (72 cm diameter) galvanized tub filled
with water made opaque with nontoxic white Crayola
powder paint. The tank was divided into four quadrants
(not visible to subject) and a small platform was placed into
one quadrant (the “goal” quadrant) 1 cm below the surface
of the water. The animal was placed, facing outward, into
one of the other three quadrants (the “start” quadrant) and
was allowed to swim until it had found the platform or until
a 120-s ceiling was reached. The rat was removed from the
tank approximately 5 s after it reached the platform and was
placed in a plastic cage on a heating pad maintained at 32 °C
for a 1-min interval. This procedure was repeated for three
more trials each day. The platform was placed into a
different “goal” quadrant for different animals but remained
the same for each subject for all of its trials. All testing was
conducted between 1300 and 1500 h. Only one or two
subjects of each sex were taken from any one litter (total
n=105).

2.4. Data analysis

This experiment was a 2 x 2x 3 design with sex, weaning
condition, and prenatal diet as between-factor measures.
Within-factor repeated measures included day for weight,
time for activity, and day and trial for the Morris water
maze. Data were analyzed using an ANOVA multivariate
analysis. Significant main effects were analyzed by Fisher’s
LSD tests and significant interactions were analyzed with
post hoc multiple means comparison tests (significance is
indicated when P<.05). Simple regression analysis was
conducted to compare body weight and activity or latency.

3. Results
3.1. Developmental data

Subjects were drawn from a total of 28 litters: 9 alco-
hol and 9 LC control and 10 pair-fed dams. The mean daily
alcohol consumption by the alcohol dams was 16.81+
0.49 g/kg/day. Mean birth weights were 5.81£0.17,
6.48+0.38, and 7.42+0.15 g for the alcohol, pair-fed, and
LC control pups, respectively. Birth weights differed sig-
nificantly by prenatal treatment [ F(2,25)=6.03, P=.007];
alcohol pups weighed significantly less than the pair-fed
pups, but not the control pups (approached significance at
P=.08). Control and pair-fed pups did not differ.

3.2. Growth

All main factors had significant effects on growth (Fig. 1).
Body weight differed significantly by sex [ F(1,279)=15.58,
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Fig. 1. Mean body weight (g) (£S.E.M.) from 15 to 24 days of age for three prenatal treatment groups (alcohol, pair-fed, and control) who were weaned at

either 15 (early) or 21 (normal) days of age.

P=.0002], males weighed more than females, and by wean-
ing condition [ £(1,279)=84.95, P=.0001], normally weaned
subjects weighed more than early weaned. There was an
interaction between prenatal diet and weaning condition
across days [ F(6,279)=2.87, P=.04]. On PN 15, prior to
any experimentation, only prenatal diet had a significant
effect on weight. Alcohol diet subjects weighed less than
pair-fed or LC subjects, who did not differ from each other.
Over the next 9 days, the rate of growth of the early-weaned
alcohol group compared to the two early-weaned control
groups was less that that of the normally weaned alcohol
group compared to its control groups. By PN 24, the normally
weaned alcohol group had gained as much weight as the pair-
fed, and now weighed only significantly less than LC group,
while the early-weaned alcohol group still weighed less than
both early-weaned control groups. Across all days combined,
prenatal diet also had a main effect on body weight
[F(2,279)=23.66, P=.0001]; all three groups differed.

3.3. Activity

Eighty-eight subjects were tested for open-field activity,
n’s=7-8 per sex per prenatal diet per weaning condition
(Fig. 2). Weaning condition had a significant main effect on
levels of activity [ F(1,152)=8.06, P=.005]. Early-weaned
rats were significantly more active than normally weaned
rats. Neither sex nor prenatal diet had any main effects on
activity. A significant interaction was found between sex
and weaning condition [F(1,152)=7.02, P=.01]. Among
males, early-weaned and normally weaned subjects did not

differ significantly, while early-weaned females were sig-
nificantly more active than normally weaned females. There
was a significant negative relationship between body weight
and total activity counts [r=—.224, F(1,86)=4.50, P=.03].
However, when males and females were analyzed sepa-
rately, the relationship was still significant for females
[r=—.473, F(1,38)=9.52, P=.004], but there was no rela-
tionship between weight and activity for males [r=.004,
F(1,45)=0.001, P=.98].

3.4. Spatial navigation

A total of 105 subjects were tested in the Morris water
maze for spatial navigation learning, n’s=8—11 per sex per
prenatal diet per weaning condition (Fig. 3). There was a
significant interaction between prenatal diet and weaning
condition [ F(2,558)=3.86, P=.024]. Among subjects who
had been prenatally exposed to alcohol, early-weaned rats
took longer to find the platform than did normally weaned
rats. In contrast, there was no significant difference between
early-weaned and normally weaned rats in either the pair-
fed or LC control groups.

There was an additional significant interaction of wean-
ing condition on day of testing [ F(2,558)=5.21, P=.006];
early and normally weaned subjects differed on Days 1 and
2 of testing, but not on Day 3. Day also interacted signific-
antly with prenatal diet [ F(4,558)=10.79, P=.0001]; alco-
hol-exposed and pair-fed subjects differed on all 3 days
while the LC subjects only differed on Day 1 compared to
Day 2. All subject groups exhibited learning to find the
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Fig. 2. Mean activity counts (+S.E.M.) for males and females at 18 days of age for three prenatal treatment groups (alcohol, pair-fed, and control) who were

weaned at either 15 (early) or 21 (normal) days of age.

platform across both days and trials—there was a significant
main effect for day [ F(2,558)=223.99, P=.0001], and for
trials [ F(3,558)=65.76, P=.0001].

There were also main effects of prenatal diet [ F(2,558)=
16.27, P=.0001], and weaning condition [ F(1,558)=18.49,
P=.0001]. Overall, alcohol subjects took significantly longer
to find the platform than LC and pair-fed subjects, but the
two control groups did not differ from each other. Similarly,
all subjects that weaned early had longer latencies than all
normally weaned subjects. There was no main effect of sex

nor were there any interactions of any other factors with sex.
There was no significant relationship between body weight
on Day 24 and latency to find the platform.

4. Discussion

The results of our study indicated that in two of the
measures, spatial navigation and body weight, a negative
early experience worsened the outcome of prenatal alcohol
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Fig. 3. Mean latencies (s) to reach a hidden platform (+S.E.M.) averaged over 3 days of testing for three prenatal treatment groups (alcohol, pair-fed, and

control) who were weaned at either 15 (early) or 21 (normal) days of age.



50 B. Zimmerberg, H.E. Weston / Pharmacology, Biochemistry and Behavior 73 (2002) 45-52

exposure. Subjects who were both early weaned and
exposed to alcohol manifested the greatest latencies to
reaching the hidden platform and the lowest body weights.
There was no significant interaction, however, between
prenatal diet and weaning condition on activity. These
results suggest that there may be some selectivity in which
alcohol-induced deficits are susceptible to modulating
effects of the environment. This selectivity may be due to
either the task (e.g., learning vs. spontaneous activity), or to
some other variable such as age of testing or a maternal-
derived factor.

This differential susceptibility in different measures can
also be seen in studies of the effects of handling on
ameliorating the effects of prenatal alcohol exposure, in
which some outcomes are improved and some are not
(Gabriel and Weinberg, 2001; Gabriel et al., 2000, 2002;
Lee and Rabe, 1999; Weinberg et al., 1995). From one
perspective, handling can be viewed as maternal separation,
since the pups are taken away from the dam. Results from
different laboratories are hard to compare, since the time of
“handling” (separation from dam) can be 5 or 20 min. Also,
in some laboratories, the subject is actually touched, while
in others, no contact is provided during the time away from
the dam. These procedural differences might also explain
why handling did not always have a beneficial effect on
alcohol deficits. Interestingly, in one study, handling actu-
ally increased the latency to find the platform in the prenatal
alcohol-exposed subjects compared to controls (Gabriel
et al.,, 2002); perhaps this early maternal separation was
actually a stressor that exacerbated the alcohol deficit like
early weaning in the present study. Handling also did not
cause the predicted improvement in prenatal alcohol-
exposed subjects in a conditioned task aversion task, indeed,
again, an exacerbation was reported (Gabriel and Weinberg,
2001). In a preliminary report, 2 min of daily handling on
PN 2 to PN 15 was found to increase the latency to find the
platform in 28-day-old rats who were exposed to alcohol in
utero, while it decreased the latency in controls (Hannigan
et al., 2001). Thus, handling may even be experienced as
stressful by alcohol-exposed subjects when it is processed as
a “positive” manipulation by nonexposed subjects.

One concern we had was that the undernutrition experi-
enced by the combined alcohol and early-weaning subjects,
as seen in body weight, was responsible for any differences
in behavioral measures. There was no relationship between
body weight and latency in the Morris water maze. Also, on
the last day of testing, the normally weaned alcohol subjects
did not weigh less than the pair-fed group, but did have
slower latencies. These analyses suggest that the weight
differences did not confound the spatial navigation results.
In the activity measure, there were no effects of prenatal diet
to confound. While body weight was negatively correlated
with activity counts (that is, smaller subjects were more
active), that negative relationship was due only to females.
Arguing against a confound in the activity results is that
both males and females of all prenatal treatment groups who

were early weaned weighed less, while only the early-
weaned females were more active. Another confound could
have resulted from more than one subject being tested from
a litter; this confound was hopefully minimized by using at
most only two males and two females of any one litter for
behavioral testing.

Early weaning itself had a deleterious effect on all three
measures—spatial navigation, growth, and activity. Early-
weaned rats took significantly longer to learn the Morris
water maze, weighed less, and were hyperactive relative to
normally weaned controls, regardless of prenatal diet or sex.
The activity results are consistent with the previous study
showing that early weaning resulted in higher activity levels
on PN 25 compared to normally weaning (Fahlke et al.,
1997). However, in that study, only males were tested, while
in this study, the effects of early weaning on activity were
seen in the female subjects; males did not differ by weaning
condition. The age difference in these two studies may also
be important, since we did see differences in spatial nav-
igation in both males and females at a more similar age to
the subjects in Fahlke’s study. In addition, Brunelli et al.’s
(1989) study on early weaning also showed a greater effect
on disruption of play behavior in females versus males.
Similar to our study, West and Michael (1988) reported that
females had a greater increase in activity than males in
response to either handling or amphetamine. In adult rats,
females are more likely to respond to novel situations with
an increase in activity, while males more often display
anxiety (Fernandes et al., 1999). Interestingly, female minks
had a greater response to early weaning than male minks
when tested for stereotypical behaviors (Jeppesen et al.,
2000). In two previous studies, we also found an effect of
early stress only in females. Females with a history of
maternal separation in the first week of life groomed more
in response to a novel stress as adults, while males did not
show this effect (Zimmerberg et al., 1999). Prenatal alcohol-
exposed female adult offspring with a history of maternal
separation on PN 2—7 had greater concentrations of the
neurosteroid allopregnanolone in the prefrontal cortex and
the hippocampus after a cold water swim test than did
alcohol/nonseparated females as well as the other control
groups, while males did not show any differences among
prenatal or postnatal groups (Zimmerberg and Brown,
1998). It is possible that some organizational effect of early
sex hormone exposure sensitizes females to stress when
tested at 18 days of age for activity, or there may be a
sexually dimorphic neural substrate or sex difference in
HPA axis response. Further study will be necessary to
elucidate the source of this sex difference in response to
early weaning.

This is the first demonstration of an effect of early
weaning on a learned task. Early-weaned subjects took
longer to find the platform on both Days 1 and 2. However,
by Day 3, the early-weaned subjects had latencies no
different from normally weaned subjects. It would be
interesting to test performance on other learned tasks as
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well as to find out if Morris maze performance was impaired
in older subjects.

Prenatal diet also had main effects on growth and spatial
navigation. Those receiving prenatal alcohol exposure in
utero weighed significantly less and were slower in learning
the spatial navigation task than those whose mothers con-
sumed a pair-fed liquid diet or LC and water during their
pregnancies. Spatial navigation in the Morris water maze
has been demonstrated in several laboratories to be impaired
by both pre- and postnatal alcohol exposure (Blanchard
et al., 1987; Goodlett et al., 1987; Kelly et al., 1988). We
have also demonstrated deficits in spatial learning in adult
offspring in a T-maze spatial alternation test (Zimmerberg
et al.,, 1991). Contrary to some previous studies, prenatal
alcohol did not induce hyperactivity, perhaps because this
test was too short in duration to elicit the typical impairment
of habituation that probably explains alcohol-related hyper-
activity in an open field. For example, Bond (1985) reported
hyperactivity on PN 16 and PN 22 in rats with prenatal
alcohol exposure, but their activity was measured during a
30-min test period.

Although the inferences to human behavior are tenuous,
these results do indicate that the environmental conditions
of children born with moderate alcohol exposure should be
carefully studied for their effects on outcome. Children with
alcoholic mothers or mothers who drink heavily may be
more likely to endure maternal deprivation. A study of
mother—infant interactions at 6 months of age reported a
“suboptimal quality of interaction” in alcohol-exposed
infants that was correlated with maternal alcohol intake
(Platzman et al., 1990). When studied at one year of age,
alcohol-exposed infants were observed to have less secure
attachment behavior towards their mothers than control
infants, and attachment difficulties were found to be pos-
itively related to the amount (self-reported) of alcohol
consumed by the mother during pregnancy (O’Connor
et al., 1987). Mothers might become discouraged by their
children’s slow development and hyperactivity and may
then feel frustrated and be unable to care for them. These
attachment difficulties might be a factor in determining the
environment of the affected child. In one study, most
children diagnosed with Fetal Alcohol Syndrome (FAS)
were no longer living with their biological mothers at
10 years of age (Streissguth et al., 1985), and in another
study, nearly all the children with any level of documented
maternal alcohol consumption were in foster care or an
adoptive home at the time of follow-up (Caruso and ten
Bensel, 1993).

Although children who are prenatally exposed to alcohol
may recover from or compensate for the neural damage if
they are in a supportive and stimulating environment, those
children subjected to environmental stressors may be less
likely to improve with age. The results of this study suggest
that one environmental stressor, early weaning can exacer-
bate a cognitive deficit in alcohol-exposed juvenile rats.
Further studies on the mechanisms of neuronal plasticity

underlying these behavioral results in animals may help guide
the development of environmental therapeutic approaches.
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