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GRANT, K. A., E. Y. CHOI AND H. H. SAMSON. Neonatal ethanol exposure: Effects on adult behavior and brain
growth parameters. PHARMACOL BIOCHEM BEHAV 18: Suppl. 1,331-336, 1983.—Neonatal rats were reared using an
artificial feeding technique from postnatal day 4 through 18. On postnatal day 4 through 7, some animals were given ethanol
in their milk formula with the remaining animals serving as controls. The ethanol was given in amounts that have been
shown to induce microcephaly when animals are examined at 18 days after birth. In this study, on postnatal day 18, all
animals were weaned and allowed ad lib food and water until they were sacrificed at 60 days of age. When the animals were
30 days old, they were tested on a battery of behavioral tasks (nose poke, passive avoidance, and open field). No
differences were found between the ethanol exposed animals and their controls on passive avoidance or nose poke activity.
Ethanol-exposed female animals showed increased activity compared to their controls in the open field. There were no
differences in open field activity between the ethanol exposed males and their controls. An examination of brain growth
parameters (wet weights, DNA, cholesterol and protein content) showed no difference between the brains of ethanol-
exposed males compared to controls at 60 days of age, regardless of brain parameter or brain area studied (forebrain,
cerebellum or brainstem). The brains of ethanol-exposed females, however, had considerably less catch-up growth, with
the ethanol effect on the cerebellum being very similar to that observed at 18 days of age. The results imply that sex and the
time of ethanol exposure may interact to determine the ability of the brain to develop following a neonatal alcohol insult.

Neonatal ethanol exposure Brain growth parameters

Sex differences

Behavioral effects

Fetal alcohol syndrome (FAS)

THE Fetal Alcohol Syndrome (FAS) consists of a constella-
tion of abnormal developmental characteristics found in
children whose mothers ingest large amounts of ethanol dur-
ing pregnancy [16, 37, 38]. The major features of FAS in-
clude general growth retardation, facial dysmorphology, and
Central Nervous System (CNS) deficits. One striking feature
in FAS is microcephaly as measured by a head circumfer-
ence greater than two standard deviations below normal [27].
Behavioral impairments found in FAS children, including
learning disabilities, hyperactivity, low IQ scores, and im-
pairment in motor coordination, also reflect possible CNS
deficits [35].

It has been established in many different animal models
that deficits in development result when ethanol is adminis-
tered either in utero or early postnatal life. (For a review see
{2]). In our laboratory, we have been primarily concerned
with the effects of ethanol administration to the neonatal rat
on brain development and behavior {19, 23, 31, 32, 33]. Al-
though it is well established that ethanol can interfere with
the development of many organ systems if it is administered
at various times throughout gestation [3, 28, 36], the CNS is

specifically vulnerable to ethanol’s effects during the late
prenatal and early postnatal period [9, 10, 14, 19]. At this
time the brain undergoes a growth spurt characterized by
extensive cellular proliferation, differentiation, gliogenesis,
and synaptogenesis [5, 6, 20]. A dramatic impairment of
brain growth was demonstrated when neonatal rats were
administered moderately high doses of ethanol for four days
during part of their brain growth spurt (postnatal days 6
through 9; [19]). The nature of this microcephaly observed at
18 days of age has been partially characterized, with de-
creases in biochemical indicies of cellularity, myelination/ar-
borization, and cell size being evident [23].

In the present study, three additional questions concern-
ing this ethanol induced microcephaly were addressed. First,
are any behavioral deficits associated with it? Second, does
the microcephaly, apparent ten days after alcohol adminis-
tration (postnatal day 18), persist into adulthood (postnatal
day 60)? Finally, if microcephaly does persist into adult-
hood, is the biochemical profile of the ethanol-exposed mi-
crocephalic brains at 60 days similar to that found at 18 days
of age?
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METHOD
Breeding

Ninety day old female rats (Long Evans strain) were ob-
tained from the University of Washington vivarium, housed
in standard rodent hanging cages, and given ad lib food
(Purina Lab Chow) and water. Room temperature was con-
trolled at 23°C with artificial lighting maintained on a twelve
hour on/off cycle (on at 8:00 am). After the females had
habituated to the new housing condition (approximately 2-3
days) they were placed individually into breeding cages with
experienced male breeders (Long Evans strain). Twice daily,
pans below the wire mesh floor of the breeding cages were
examined for the presence of copulatory plugs. When plugs
were detected, the female was removed, weighed and placed
in a solid floor nesting cage with wood shavings available for
nesting material. The day of plug detection was assigned as
Day 0 and all references to gestational age are relative to this
day.

Twenty four hours after parturition, litters were culled to
8 pups. When possible, the 4 heaviest males and 4 heaviest
females were kept. The neonates remained with their dam
until Day 26 (postnatal day 6), when they received a gastric
catheter. Five litters were used for these experiments with
each litter divided into control and ethanol exposed groups.

Surgery, Incubation, Feeding and Maintenance

The entire artificial rearing procedure, including catheter
construction and surgical technique has been described in
detail [32] and will not be elaborated upon here. Briefly, the
animal is implanted with a gastric catheter and then placed
individually into a weighted plastic cup which floats in a 37°C
water bath. The catheter is connected to a syringe containing
the milk formula (see [32]). The syringe is placed in an infu-
sion pump (8 syringes/pump; Harvard Apparatus Corp.,
series 935) controlled by programmable timing equipment
which provides a 20 minute feed every 2 hours. The amount
of milk formula delivered increases each day to match the
weight gains of the Dam reared pups. At the same time each
day the animals were disconnected from the syringes,
weighed and their catheters adjusted to accommodate
growth. The syringes were washed and filled with fresh milk.
Twice a day the animals were stroked lightly in the
anal/genital area to stimulate urination and defecation. The
emergence of developmental milestones, such as tooth erup-
tion, eye opening and ear development were checked for
daily.

Ethanol Exposure

Following the catheter placement, the animals were di-
vided into two groups: 3 animals received ethanol in their
milk formula and 3 animals received only the milk formula.
The ethanol was administered on four days (Day 26, 27, 28
and 29) and was given in doses that had previously been
shown to result in microcephaly using this artificial rearing
technique [19,23].

Behavioral Testing

On Day 40 (postnatal day 18), the animals were removed
from the artificial rearing condition and their catheters cut
next to the abdominal wall and heat sealed. Each litter was
then housed together and weaned on milk formula mixed
with powdered rat chow and water. They remained housed
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together until postnatal day 30, at which time they were
given a battery of behavioral tests including open field activ-
ity, nose poke and passive avoidance (see below). All testing
was done in the middle of the day, during the light portion of
the day/night cycle.

Open field activity. The open field had a diameter of 36
inches and was divided into an inner circle (diameter of 12
inches) and two outer rings, both having a 6 inch width. The
field was divided into 9 sections; the inner circle, the middle
ring divided into three equal sections, and the outer ring
divided into S equal sections. Each animal was given one,
three-minute trial. The rat pup was placed in the center of the
open field with a plastic cup over it. The trial began when the
cup was removed. Five measures were taken: latency to
cross out of the inner circle, time spent in the 4 centermost
sections, the number of sections crossed into, the number of
rearings (two front legs off the ground not touching the sides
of the field and not including grooming postures), and the
number of defecations.

Nose Poke

The nose poke apparatus was a black Plexiglas box
(12x12x8 inches) with a hole drilled 2 inches from the bot-
tom of one side. A poke was recorded when the animal’s
snout extended through the hole and could be visualized by
an observer perpendicular to the plane of the box containing
the hole. Two measures were recorded: latency to first poke
and the number of pokes in a five minute trial.

Passive Avoidance

The passive avoidance task was run in a 225 inch Plexi-
glas box which was divided in half by a sliding partition. Half
of the chamber was painted black with a black lid and the
other half was painted white with a transparent lid. The floor
of the box was composed of quarter inch rods which were
wired to conduct electrical shock. One half of the chamber
was designated as the “‘unsafe’’ side. For some animals the
white side was the ‘‘unsafe’’ side, and for others the black
side was “‘unsafe’’. The animal was placed in the ‘‘safe’’ side
and the partition separating sides lifted. If the animal com-
pletely entered the ‘‘unsafe’’ side, a 5 m Amp shock was
given until it returned to the “*safe’” side. Each trial lasted up
to three minutes with a successful trial one in which the
animal avoided shock by not entering the ‘‘unsafe’ side for
the full three minutes. If the animal failed to avoid the *‘un-
safe’’ side, the trial was terminated and shock was given.
Five successful trials out of seven completed the test. Three
measures were recorded: latency to first shock, trials to sec-
ond shock and the number of trials required to reach the 5 of
7 criteria.

Following behavioral testing, the animals were housed
individually with ad lib chow and water. They were weighed
daily and checked for any obvious signs of failure to thrive.

Brain Dissection

When the animals were 60 postnatal days old, they were
weighed, decapitated and their brains removed. The olfac-
tory bulbs were removed and the remaining brain cut trans-
versely at the brainstem just rostral to the medulla oblon-
gata. A wet weight of the whole brain was taken using a
Mettler A 30 scale. Then the brain was dissected transcol-
licularly, and the cerebellum separated from the brainstem
by dissection at the peduncles. These cuts left the brain in
three sections; the forebrain (telencephalon and di-
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TABLE 1
PERFORMANCE ON BEHAVIORAL TESTS SEPARATED BY SEX AND GROUP-
Task Nose Poke Passive Avoidance Open Field
Number Latency Trials Latency Trails Latency Total
of to Ist to to 1st to 2nd Defeca- to Leave Time in
Group Pokes Poke Criteria Shock Shock Crosses Rears tions Center Center
Males
Control 19 17.6 7 19.9 22 17 3 14.2 31.4
(n=7) (9-41) (14.8) (6-8) (10.3) (2-7) (15-34) (6-34) (0-5) (7.9) (17.8)
Ethanol 15.5 20.1 7.5 13.5 20 13 2 25.0 54.7
(n=6) (10-21) (21.4) (7-11) (9.8) 2-7) (6-33) (4-18) (0-4) (16.4) (31.9)
Females
Control 19 39.9 8 13.3 20 14 5 15.4 42.9
(n=5) (6-23) (25.3) (6-9) (5.8) -7 (12-31) (5-32) (0-6) (6.7) (22.3)
Ethanol 21 6.5 6 32.8 47.5*% 13 4.5 12.2 89.8*
(n=4) (9-27) (16.7) (6-8) (41.2) (2-7) (38-50) (12-19) (0-7) (2.6) (33.7)

*Significantly different from same sex control at p<0.05.

tData for latency and time scores in seconds are means (+SD); All other scores are medians (range).

encephalon), the cerebellum and the brainstem. The fore-
brain was sectioned bilaterally and one half was weighed and
frozen until assayed. Similarly, both the cerebellum and
brainstem were weighed and frozen. In addition to brain
weights, the heart, liver, kidney and adrenal glands were
removed and wet weights taken.

Biochemical Analysis

The frozen tissue samples were thawed at room tempera-
ture and the DNA, protein and cholesterol extracted accord-
ing to the procedure previously used in our lab [23]. Briefly,
the procedure used to measure DNA was a modification of
the diphenylamine colorimetric method described in
Zamenhof et al. [40]. Cholesterol was assayed using the
colorimetric analysis of Searcy and Berquist [34]. Total
protein was determined by the method of Lowry et al. [26].

The DNA content was taken to represent the number of
cells present in the sample. The amount of cholesterol was
taken to be representative of the membrane content of the
sample (thus myelination and arborization of the tissue).
Total protein in the samples was used as an index of general
growth.

Statistical analysis. Comparisons between groups were
made by one way analysis of variance [22] or Mann Whitney
U [30], with p<<0.0S required for significance.

RESULTS

Of the 30 animals artificially reared, 22 completed the ex-
periment. Eight animals died within the first week from sur-
gical complications.

The mean+SD ethanol doses for the four days of expo-
sure were: Day 26=3.7 g/kg+0.4; Day 27=7.4 g/kg+0.7; Day
28=1.6 g/kg+0.2; and Day 29=9.2 g/kg+1.4. While receiving
the alcohol, all ethanol animals showed behavioral signs of
intoxication (most notable was a highly impaired righting
reflex). Twenty-four to thirty-six hours after the alcohol-
containing milk had been replaced with the milk formula
only, the ethanol-treated animals showed signs of ethanol
withdrawal, including full body tremors and extreme head
bobbing activity.

There was no difference between groups with respect to
tooth emergence, eye opening and outer ear development. A
sex difference in weight gain was noticeable from postnatal
day 21 to the end of the experiment; however, there were no
weight differences between ethanol-treated and control
animals with sex (Males at 60 days of age: ethanol-
treated=281 g+23, control=278 g+38; Females at 60 days of
age: ethanol-treated=189 g=15, control=185 g=I[2
(mean+SD)). Heart, liver, kidney and adrenal weights were
not different for any condition within each sex.

Table 1 summarizes the results of the behavioral tests.
There were no significant differences in nose poke or passive
avoidance behavior among groups. Similarly, the alcohol-
treated and control males did not differ from one another in
the open field test. The females, however, did show a group
difference on the open field. The ethanol-exposed females
made more total crosses and spent more time in the center of
the field. There were no significant differences, however,
with respect to the number of rears, defecations or latency to
leave the center section.

The brain/body weight ratios, forebrain and hindbrain
weights for the animals are presented in Fig. 1. For compari-
son purposes, the brain weight parameters from a previous
study [23] are given for eighteen day old animals that re-
ceived identical ethanol treatment. At postnatal day 18 no
sex differences in the brain parameters were found and the
male and female data have been combined. At 60 days of
age, the ethanol-treated males had a brain/body weight ratio
similar to their controls (see Fig. 1). The reduction in the
degree of microcephaly previously found at 18 days of age
represents a significant ‘‘catch-up’’ in the brain weight of
this group, from a 20% reduction (3.1 SD below the control
mean [32]) at 18 days to a 5% reduction (1.5 SD below the
control mean) at 60 days. The ethanol-exposed females at 60
days of age continued to have microcephaly compared to
their controls, although the degree of microcephaly had been
reduced from a 20% decrease (3.1 SD below the control
mean [32)) at 18 days to a 12% decrease (3.3 SD below the
control mean) at 60 days.

The forebrain sample weights of the ethanol-exposed



CONTROL
ETHANOL

334
18 DAYS 60 DAYS
MALES FEMALES
[=]
=}
Pf‘ 401
33 . 104 0] _
Z|> 301
<9 051 051
<@
=
3
z 081 08 8
= x
a8 o.4-ﬂ * 04+ 041
(-4
o L
'S
[
3
Z
- 4 E 4 *
< o4 04 04
(-4
a 2 * 02 021
S o, } ,
I
3 d
g 2
z
5 £
[$) w

CONTROL
ETHANOL

FIG. 1. Brain weights (g) for 18-day-old and 60-day-old ethanol-treated
and control animals. (Mean=SD, *=Significant from control with
p<0.05).

males at 60 days were identical to their controls. The fore-
brain samples of the ethanol-treated females did not *‘catch
up’” with the control female forebrain samples and still re-
mained significantly lighter at 60 days of age (p=0.05), al-
though the weight difference had decreased from 20% to
13%. The hindbrain (cerebellum plus brainstem) weights for
the ethanol-exposed males were also not different from those
of their controls at 60 days of age. In contrast the ethanol-
treated females had a deficit in hindbrain weight at 60 days
that was very similar to that noted at 18 days (18% and 19%
respectively).

The biochemical profiles of the brains are given in Table
2. Again for comparison the biochemical values for 18-day-
old animals are included. The brains of control and ethanol-
exposed males did not differ from one another in the content
of DNA, cholesterol or protein in any of the brain areas
examined. In contrast, the females differed in the amount of
DNA and cholesterol in the cerebellum, with the brains of
the ethanol-exposed animals containing lower amounts. As
well, the brains of the ethanol-exposed females contained
lower amounts of DNA, cholesterol and protein in the fore-
brain samples, although these differences were not signifi-
cant.

DISCUSSION

The effects of postnatal ethanol exposure found in this
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study depended on the behavioral task examined, the brain
parameter measured and the sex of the animal. These
ethanol effects would appear to be independent of nutritional
influences since the ethanol-treated and the control groups
did not differ in body weight. In addition, at the time of
sacrifice, no effects of alcohol on heart, liver or kidney
weights were found.

No systematic effects of ethanol exposure were found on
behavioral measures generally taken as “‘exploratory behav-
ior’” or ‘‘emotionality’’ [1, 4, 12, 15, 29]. The open field test
has been a standard procedure used to assess the behavioral
effects of early ethanol exposure. Investigators have found
no difference in behavior [4], increases in ambulation
[12,15], decreases in rearing [1], and age-dependent changes
in activity [12] in animals exposed to ethanol in utero. In this
study, there were no differences between males exposed to
ethanol and their controls in any of the open field measures
taken. The ethanol-exposed females, however, showed in-
creased ambulation compared to their controls. In addition
to the increase in the number of sections crossed, the time
spent in the central portion of the field by the ethanol females
was atypical, as the female controls and the males of both
groups spent more time around the periphery of the maze.

As presented in Table 1, no significant differences were
found in the nose poke test or the passive avoidance learning
task for any condition. These results are different from the
effects of in utero exposure to ethanol. Riley er al. [29] have
reported increases in the number of nose pokes and a de-
crease in latency to first poke for 29-day-old male rats. Also,
an increase in the number of trials to criteria for a passive
avoidance study in 22-day-old rats (not separated by sex) has
been reported [25]. In both of these studies the animals were
exposed to ethanol from gestation Day 5 through 20. Reex-
amining our data with the criteria for passive avoidance
learning specified by Lochery and Riley [25], we still failed
to find any significant difference between the ethanol-
exposed pups and their controls. These conflicting results
may be due to differences in the time of ethanol exposure,
the dose of ethanol or the age of the animals at testing. The
difference in relative preference for the center of the field,
plus the lack of a difference in either the nose poke activity
or passive avoidance behavior suggests that the altered be-
havior of the ethanol-exposed females can not be explained
by only a general increase in activity, or by a general lack of
response inhibition.

The biochemical parameters measured in brains of 18-
day-old rats, compared to 60-day-old rats given the same
ethanol treatment, indicate that substantial growth occurred
for all conditions during that time period. On all measures of
brain growth (wet weight, DNA, cholesterol, or protein con-
tent), in all areas examined (forebrain, cerebellum, and
brainstem), the brains of ethanol-exposed males were indis-
tinguishable from those of their controls at 60 days of age
(Fig. 1, Table 2). In contrast, the brains of ethanol-exposed
females continued to show microcephaly and decreased
forebrain and hindbrain weights. It is interesting to note that
although the forebrain samples of ethanol-exposed females
were weight-deficient at 60 days, there was perhaps a partial
“‘catch-up’” growth. Unlike the decreased cholestero/DNA
and protein/DNA ratios seen in 18-day-old ethanol-exposed
animals [23], at 60 days these ratios were not affected by
ethanol treatment in either males or females. The hindbrains
of ethanol-exposed females, however, had nearly the identi-
cal percentage weight deficit at 60 days of age that was ob-
served at 18 days, indicating very little catch-up growth
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TABLE 2
MEAN=SD OF BIOCHEMICAL PARAMETERS
Tissue Wt. DNA Cholesterol Protein
(8 (mg) (mg) (mg)
18 Day Old
Forebrain
Control (n=8) 0.442 + 0.024 0.453 = 0.003 3.26 = 0.53 26.4 = 2.96
Ethanol (n=6) 0.356 + 0.025* 0.459 = 0.029 2.60 = 0.46* 22.4 + 1.93*
Hindbrain
Control (n=8) 0.220 + 0.016 1.165 = 0.117 2.07 = 0.37 12.6 + 0.70
Ethanol (n=6) 0.178 = 0.020* 0.991 = 0.134* 1.51 = 0.14* 10.5 = 1.35%
60 Day Old
Forebrain
Males
Control (n=5) 0.583 + 0.032 0.619 + 0.035 7.28 = 0.58 36.6 + 5.85
Ethanol (n=5) 0.584 +~ 0.015 0.592 + 0.077 7.28 + 0.14 36.9 + 3.64
Females
Control (n=4) 0.542 + 0.013 0.602 + 0.062 7.01 = 0.61 36.2 + 3.87
Ethanol (n=4) 0.473 + 0.005* 0.519 = 0.096 6.35 = 0.80 31.5 = 2.52
Brainstem
Males
Control (n=6) 0.208 + 0.021 0.226 = 0.030 4.89 + 0.99 11.9 + 1.59
Ethanol (n=5) 0.194 = 0.014 0.200 + 0.029 4,55 = 0.27 12.5 = 0.10
Females
Control (n=4) 0.191 = 0.013 0.206 + 0.032 4.44 + 0.70 12.1 = 1.80
Ethanol (n=4) 0.163 + 0.017* 0.217 + 0.018 4.26 = 0.75 11.7 = 1.29
Cerebellum
Males
Control (n=6) 0.223 = 0.016 1.190 + 0.126 3.57 + 0.59 14.5 + 1.95
Ethanol (n=5) 0.219 + 0.009 1.079 + 0.005 3,10 + 0.68 15.8 = 0.77
Females
Control (n=4) 0.212 + 0.011 1.125 + 0.085 3.07 £ 0.27 14.3 = 1.65
Ethanol (n=4) 0.169 + 0.022* 0.935 = 0.087* 2.44 + 0.40* 12.6 = 1.72

*p<0.05.

(Table 2, Fig. 1). When the female hindbrains were divided
into cerebellum and brainstem, it was obvious that cerebellar
growth was more severely impaired. The female brainstem
samples did not differ in DNA, cholesterol or protein con-
tent, but the cerebellums were different in both DNA and
cholesterol content, with the ethanol-treated group having
the lowered amounts. Despite the lower amount of total cho-
lesterol in the samples, the cholesterol/DNA ratio was not
decreased in the 60-day-old ethanol-exposed females. Thus,
although the total amount of cells in the cerebellum of
ethanol-exposed females appears to be decreased, the degree
of myelination and/or arborization per cell appears to be
normal.

Evidence from other laboratories indicates that male
brains do not always recover from perinatal exposure to
ethanol. Both hippocampal and cerebellar cell populations in
males exposed to ethanol perinatally and/or postnatally have
been permanently altered [8, 9, 10, 14]. The ability of brains
of ethanol-exposed males to catch up in this study is most
likely due to the time of ethanol exposure rather than to
other variables (such as the dose, differential sensitivity, etc.),
since at 18 postnatal days males and females had similar

brain deficits. One possible factor that could account for the
sex difference is the hormonal influence that may regulate
brain growth [7]. Another factor is the timing of the brain
growth spurt itself, which could be different for male and
female rats. Only further work can determine the role these
variables play in the ‘‘catch-up’ growth seen in the ethanol-
exposed males. It should be noted that *‘catch-up’’ growth is
not a unique phenomenon in the rat and has been shown with
prenatal irradiation [17] and malnutrition [11,39].

Whether the change in open field behavior of the
ethanol-exposed females is directly related to their impaired
brain growth or to other unmeasured effects of the ethanol
exposure (i.e., changed adrenal hormonal levels, etc.) can-
not be stated based on the present data. However, since
there were no differences in either the nose poke or passive
avoidance tasks, the rather large brain deficits found have at
best only subtle influences on gross behavior of rats. Further
studies are needed to explore more complex behaviors and
to determine if different postnatal exposure times in males
will show similar effects as those found in the females of this
study.
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