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FISH, B. S., S. A. RANK, J. R. WILSON AND A. C. COLLINS. Viability and sensorimotor development of mice 
exposed to prenatal short-term ethanol. PHARMAC. BIOCHEM. BEHAV. 14(1) 57-65, 1981.--The identification of the 
fetal alcohol syndrome in man has led to an abundant, but sometimes contradictory body of research examining the effects 
of prenatal ethanol exposure in animals. The present study examines the early sensorimotor development of heterogenous 
stock mice after ethanol exposure during one of two time periods in gestation, days 8-12, or days 14--18. Animals received 
either a liquid diet containing 20% ethanol derived calories, an isocalorically balanced yoked control diet or a lab chow 
control diet. Results indicated no apparent effects due to administration of alcohol during the middle of gestation, but a 
marked decrease in offspring viability, birthweight, and growth due to administration during the last part of gestation. The 
late gestation treatment group also showed a slight delay in the rate of development of the grasping and horizontal screen 
tasks. Overall, animals that survived showed relatively normal sensorimotor development. 
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Sensorimotor development 

NUMEROUS clinical reports have documented and de- 
scribed a pattern of multiple congenital anomalies in the off- 
spring of women who consumed alcohol during pregnancy. 
This pattern of abnormalities, labeled the Fetal Alcohol Syn- 
drome (FAS), is characterized by pre- and post-natal growth 
deficits, craniofacial, limb and joint, external genitalia and 
cardiac abnormalities and impaired motor and mental func- 
tioning. Autopsy findings have been reported for two FAS 
infants who died between 0 and 6 weeks of age [121 and for 
one who died at 9 months of age [29], Sheets of aberrant 
neural and glial tissue covering part of the brain surface, 
disorganized neuronal arrangements within the brain tissue, 
small and disorganized cerebellum, ventricular dilation and 
agenesis of the corpus callosum and anterior commissure 
were among the neurological findings. 

However, many clinical researchers have failed to ob- 
serve the complete FAS in the offspring of women ingesting 
significant amounts of alcohol during pregnancy. Rather, 
they describe components of the syndrome or Fetal Alcohol 
Effects (FAE) (e.g. [38]). The most frequent problem noted 
in these children is deficient intellectual performance [19] 
measured longitudinally by standard intelligence tests [501. It 
has been reported that some children of alcoholic mothers 
are mildly retarded in the absence of other FAS features [481. 
Consequently, it has been hypothesized that mental retarda- 
tion may be the most sensitive manifestation of alcohol in- 
gestion during pregnancy [34]. 

There have been several indications that the quantity of 
alcohol consumed may not be directly related to the FAE 
121,291. An inverse relationship between the level of alcohol 
intake and the severity of abnormalities in the offspring has 
been reported along with calculations that the degree of the 
effect was unrelated to the length of alcohol abuse by the 
mother [29]. Some children with FAE were born to women 
who occasionally consumed large quantities of alcohol, but 
were not classified as chronic alcoholics [7,12]. Infants born 
to "social drinkers" have been found to be deficient in mus- 
cle tonicity, habitation, and alertness [49] and to display, in 
reduced form, other behaviors characteristic of FAS chil- 
dren [25]. 

These studies are replete with the problems associated 
with the use of human populations such as lack of control 
over critical variables (nutrition, multidrug use, socioeco- 
nomic status, medical care), difficulty in assessment of 
amount and time of ethanol consumption and in determina- 
tion of treatment effects (e.g. IQ). However, the clinical re- 
ports suggest a number of hypotheses concerning the ef- 
fects of prenatal exposure to ethanol which are amenable to 
laboratory investigation. For example, since the amount of 
alcohol consumed may not predict FAE, maternal absorp- 
tion, metabolism or excretion of alcohol may be crucial. The 
amount of ethanol (or its metabolites) in the maternal system 
at any given time may be important rather than the total 
amount consumed. Since duration of alcohol consumption 
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may not predict FAE,  one or more different critical periods 
for ethanol consumption during pregnancy are indicated. 
The fact that in utero ethanol exposure can produce mental 
retardation in the absence of  other FAS features indicates 
that alcohol may be a behavioral tera togen-- i .e . ,  at some 
doses,  it may result in behavioral dysfunctions in the ab- 
sence of observed physical abnormalities [18]. In addition, 
the intellectual deficits imply that ethanol can selectively 
affect the central nervous system (CNS). In fact, one of the 
early autopsy reports described CNS abnormalities in the 
absence of  any external clinical manifestations of exposure 
to ethanol prenatally [12]. 

Many animal studies assessing the effects of relatively 
large levels of  ethanol administered during gestation have 
been successful in eliciting some of  the morphological alter- 
ations described in the human literature [1 I, 22, 41, 54] in- 
cluding CNS abnormalities [ 10, 11, 14, 24, 42, 43, 53]. Behav- 
ioral studies associated with large levels of ethanol are 
sometimes contradictory [8, 10, 46] although many indicate 
task-dependent  impairments in learning abilities [2, 9, 3 I, 44, 
45]. Studies in which relatively low levels of ethanol are 
administered do not usually produce the physical dysmor- 
phology associated with the FAS;  behavioral findings are 
frequently inconsistent [1, 13, 23, 44, 45, 57, 58, 59]. For  
example,  locomotor activity of  treated offspring has been 
reported to be increased [231, decreased [57] or unchanged 
(Fish, in preparation) following low level ethanol adminis- 
tration to pregnant mice. Some of the behavioral inconsis- 
tencies may be due to strain or species used, variations in 
duration, concentration and method of ethanol administra- 
tion, age at the time of testing and tasks utilized for testing 
behaviors.  Many of the studies have not employed adequate 
control groups or cross-fostering procedures. 

Since more women consume low rather than high levels 
of  ethanol during pregnancy [51] studies utilizing relatively 
low levels of  ethanol are essential.  Moreover,  rarely has the 
critical period issue been specifically addressed in laboratory 
investigations. It would appear  that the latter half of mouse 
gestation would be of particular interest since this is the 
period during which the major portion of prenatal brain de- 
velopment occurs [5,26]. Given the mental retardation asso- 
ciated with fetal alcohol exposure,  the learning and memory 
capacity of  offspring prenatally exposed to ethanol should be 
of interest. Initially, however,  sensory and motor  capabili- 
ties should be evaluated since inferences about learning and 
memory may be spurious if they are confounded by dys- 
functional sensory or motor abilities which are necessary for 
task performance. 

The present study is an attempt to determine the effects 
on early mouse development of  relatively low levels of  
ethanol during critical gestation periods using pair fed as well 
as lab chow fed controls, along with cross-fostering 
methods. The level of  ethanol administered was selected on 
the basis of  doses found to be nonteratogenic in previous 
reports [40,59] and pilot studies utilizing both inbred strains 
and heterogenous mouse stocks. The pattern of  consumption 
associated with a liquid diet was considered to be conducive 
to maintaining low maternal ethanol levels [30]. A control 
group which is fed the same proportion of diet consumed by 
the ethanol treatment animals with the ethanol component 
replaced by an isocaloric agent (e.g. sucrose) is essential to 
the analysis of  the effects of ethanol. Differences between 
this pair fed or yoked control group and the ethanol group 
may be attributed to the ethanol rather than to dietary fac- 
tors. However,  the yoked control group cannot be consid- 

ered as an "untreated group" since a decrease in dietary 
intake induced by ethanol may result in an insufficient diet 
being administered to the yoked group. Lack of  group differ- 
ences might obscure the effects of malnutrition. Group 
differences might be due to a combination of ethanol treat- 
ment and malnutrition in the ethanol treatment group. The 
addition of  a third group, an untreated (ad lib lab chow fed) 
group permits a determination of the dietary contribution to 
the measures that are assessed. Cross-fostering of the neo- 
nates to nontreated surrogate mothers standardizes the 
postnatal environment and allows for an assessment of 
treatment effects on the offspring independent of any effects 
that the treatments may have had on maternal behavior. 
Differences in maternal behavior could influence offspring 
development.  

METHOD 

Seventy-eight male and female genetically heterogenous 
(HS) stock [33] mice, approximately 80-90 days old, were set 
up in thirty-nine mating pairs with one female and one male 
per cage. The mice were maintained on a twelve hour light/ 
dark cycle (lights on 7 a.m. to 7 p.m.) with free access to 
food (Wayne Sterilizable Lab BIox) and water. All of the 
females had given birth to one litter previous to this study. 

The weight of all females was recorded at the beginning of 
the study. Females were checked twice daily (a.m. and p.m.) 
for the presence of a vaginal plug indicating the occurrence 
of copulation. The day of vaginal plug detection was desig- 
nated as day one of  gestation. Males were removed from the 
cages on day five of gestation. Weights for the females were 
recorded on alternate days beginning on gestational day ten. 

The pregnant mice were assigned to one of three treat- 
ment condit ions--(1) alcohol d ie t - -Group  A; (2) yoked 
d ie t - -Group  YC; or (3) lab chow cont ro l - -Group C. Based 
on the same date of plug detection, twenty pregnant mice 
were designated as part of an alcohol-yoked control pair, 
while the remainder made up the lab chow control group (19 
pregnant mice). Within the alcohol-yoked control pairs, mice 
were randomly assigned to one of  two time periods for the 
administration of the diet, either in the middle of gestation 
(days 8-12--Group I) or at the end of  gestation (days 14- 
18--Group 2). This arrangement of  treatments yielded a 2 x 3 
factorial design with two independent var iables-- t reatment  
time (Group 1 or Group 2), and type of  treatment (Group A, 
Group YC, or Group C). 

Animals in Group A received as their sole dietary intake 
during the treatment period, a liquid diet containing 20% of 
the calories provided by ethanol (approximately 3.5%). The 
diet, obtained from Bio-Serve, Frenchtown, N J, contains all 
necessary nutrients for the pregnant mouse. The yoked con- 
trol diet is isocalorically balanced with the ethanol diet and 
contains the same nutrients, with sucrose replacing the 
caloric equivalent of  the ethanol. Pilot studies determined 
that the HS mice would consume the diet voluntarily, thus 
eliminating the need for injection or intubation of the 
ethanol. The diets were prepared from dry ingredients ap- 
proximately every three days and were refrigerated until use. 
Diets were presented to the mice in inverted 25 ml graduated 
feeding cylinders. 

Since it was critical to match delivery dates of alcohol- 
yoked control pairs in order to foster same age pups to a 
surrogate mother, a modification of the usual pair-feeding 
procedure was used. Matched sets of animals were started 
on the diet at the same time. For  Groups l A and 1YC, 20 ml 
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of the designated diet were first made available in place of 
lab chow and water on the evening of the eighth day. Feeding 
tubes were inspected morning and evening, and a fresh sup- 
ply of diet was provided at both inspections. Measurement of 
consumption was recorded to the nearest 0.2 ml. A record of 
the cumulative amount consumed by each Group A animal 
dictated the amount of diet to be made available to their 
Group YC pair. Equivalent amounts of diet were to be con- 
sumed over the treatment period. The diet administration 
continued for five days ending on the morning of the 13th 
day. This procedure was repeated for Groups 2A and 2YC 
animals with treatments beginning on the evening of the 14th 
day and ending on the morning of the 19th day. After finish- 
ing the five day treatment period, animals were allowed free 
access to the lab chow and water until giving birth on day 21. 
Treatment was ended at the times indicated to insure that the 
ethanol would be eliminated from the mother's system at 
birth. Thus, if the neonates nursed immediately after birth, 
they would not be ingesting ethanol postnatally via the 
mother's milk. 

At birth, a partial cross-fostering procedure was em- 
ployed. In order to differentiate treatment groups (A, YC, C) 
all pups belonging to a condition were marked internally by 
the injection of one of three nontoxic dyes into the hindpaw. 
Experimental litters were culled to six of the animals that 
appeared healthiest (based on color, weight and movement), 
to encourage the highest possible survival rates, a require- 
ment for the daily long-term testing of neonates. All pups 
were then given to lab chow-fed mothers who had undergone 
no experimental manipulations. Out of a group of four 
mothers--two lab chow and one alcohol-yoked control 
pair--two "families" of nine pups each were created. All 
pups of a given lab chow mother were removed and the dam 
received three Group A pups, three YC pups and three 
Group C pups from another lab chow mother. This second 
lab chow mother received the remaining three pups of the 
Group A litter, three pups of the Group YC litter and three of 
the pups born to the other lab chow dam. 

Because of the timing of the births and the need to cross- 
foster within a 24 hr period to maintain consistency, nine 
litters (families) were derived from Group 1 and eight litters 
were formed from Group 2 treatment groups. All devel- 
opmental tests were performed on these seventeen litters. 

Testing Period 

Offspring were tested every morning on days 2-20 on a 
number of developmental tests, adapted from Fox [16] and 
Wahlsten [55]. A brief description of the tests and the scoring 
methods used follows. In all cases, the adult response re- 
ceived the highest score, and the least developed response 
received the lowest score. If all three animals in a given 
subgroup (A, YC or C) of the litter demonstrated the adult 
response for three consecutive days, they were considered 
to have reached the criterion level of performance and test- 
ing on that particular task was terminated. 

Weight 

The birthweight of each animal in the entire litter was 
recorded before the animals  were marked and cross- 
fostered. Beginning on day 2, animals were weighed daily to 
the nearest tenth of a gram until day 20. 

Movement 

The animal was placed on a flat surface and activity was 
observed for a 1 minute period. Four movement types were 
identified. 0---No movement; 2--Pivoting to the right or left; 
4---Pivoting combined with forward movement in a straight 
line; 6--Immediate forward movement in a straight line. 

Righting Reflex 

The animal was placed on its back and the number of 
seconds required until righting was recorded. Ten seconds 
was the maximum time allowed for this task. 

Cliff A version 

The animal was placed on the edge of the counter with his 
body weight supported, but both front paws over the edge. 
The following responses were recorded: 0---No movement; 
l - -Forward  movement; 2--Backward movement away from 
the edge. 

Grasping Reflex 

The animal was held by the experimenter and the forelimb 
and hindlimb were stroked with the shaft of a cotton swab 
(2.5 mm). The grasping response was noted. 0 - -No grasp; 
l - -Grasping with front paws only; 2--Grasping with both 
front and hindpaws. 

Vertical Screen Test 

The animal was placed on a vertical screen and the 
number of seconds that the animal could hold on, supporting 
its own weight, was recorded. Thirty seconds was the adult 
criterion level. 

Horizontal Screen Test 

The animal was drawn across a horizontal screen by the 
tail. (g--Animal offered no resistance; 1--Animal grasped 
screen, offering substantial resistance. 

Auditor5, Startle 

The experimenter clapped his hands several inches away 
from the animal and recorded the day that immediate "freez- 
ing" or flight was observed. 

Ears ()pen 

The day that the auditory canals were fully open was 
recorded. 

Eyes Open 

Day of eye opening was recorded on this scale: 0--Both 
eyes closed; lmOne  or both eyes partially open; 2--Both 
eyes fully open. 

Statistical Procedures 

Because individual marking (in addition to the group 
markings) of the animals was not practical, the scores of the 
three animals making up a subgroup in each litter were com- 
bined to give one score per group per litter per day. In addi- 
tion, use of the subgroup score limits genetic confounding 
that may occur with individual animal scores. Since some 
subgroups were missing one or two animals due to neonatal 
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deaths (see Results section), mean scores were determined 
for each subgroup. Within a litter, all members of  a subgroup 
were required to perform a task at the adult level before the 
criterion level was reached for that group. The criterion level 
was reached by all groups for all tests by day 20 with one 
exception. These animals, for statistical purposes only, were 
assumed to reach criterion by day 21. Analyses of variance 
were used except where noted. The null hypothesis was re- 
jected at p>0.05 for all statistical tests. 

RESULTS 

Because the amount of yoked control diet provided was 
dictated by the ethanol diet consumption, the mean intake 
levels for groups were fairly equal (Groups IA and 2A 
~=88.45 cumulative ml; Group IYC and 2YC £=84.45 ml). 
Groups 2A and 2YC consumed significantly more, F(I ,17)= 
17.008, p<0.01,  diet than did Groups IA and IYC (£= 95.31 
ml vs. ~=77.6 ml). Group IA consumed an average of  18.75 
g/kg/day in comparison to the 24.94 g/kg/day intake of  Group 
2A, F(I ,8)= 10.109, p<0.025.  As Fig. 1 illustrates, the diurnal 
pattern of diet consumption differentiated the two groups. 

Group 2A consumed significantly more during the day- 
time (AM) than did Group IA, F(1,8)=37.75, p<0.001; 3.63 
g/kg/AM vs 8.44 g/kg/AM for Group IA vs Group 2A. 
Analysis of the evening (PM) diet consumption indicated 
differences in the two treatment groups which appeared to be 
related to the duration of diet administration, Days ×Group 
Interaction: F(4,32)=6.68, p<0.001. Subsequent analysis 
indicated that Group 2A consumed more than Group IA on 
the first three evenings of  diet administration and less than 
Group IA on the last evening. The two groups did not differ 
in the amount of  diet consumed on the fourth evening. 

Weight gain for the pregnant females was fairly consistent 
across all groups. The mean weight gain for each group is 
presented in Table 1. Weight gain was computed by subtract- 
ing the original weight of  the mouse from her weight on the 
day before giving birth. No significant differences between 
groups were found. 

No maternal deaths occurred during the course of  the 
study, but neonatal deaths (death other than stillborns) were 
observed (see Table 2). A chi square analysis performed on 
the frequency of neonatal death was significant, ~2(2)=36.32, 
p<0.01.  A post hoc comparison revealed the frequency of 
Group 2A related deaths to be significantly different from the 
Group 2C and Group 2YC frequencies, Xz(I)=7.5825, 
p <0.01. There were no differences among Group I treatment 
groups in the number of neonatal deaths. The deaths found in 
Group 2A occurred in a seemingly random pattern of days 
throughout the preweaning period with approximately 50% 
of  the animals dying during the first half of the period and 
50% during the second half. 

Lit ter  size did not appear  to be affected by the experi- 
mental manipulations as there were no significant differences 
between groups. A two factor (type of treatment,  time of  
treatment) analysis of variance performed on birthweight did 
indicate a significant treatment type × treatment time in- 
teraction, F(2,29)=3.33, p<0.05.  Subsequent analyses indi- 
cated that animals of Group 1 did not differ from one an- 
other. Group 2A birthweights were found to be significantly 
different from those of  Group 2C birthweights. Group 2YC 
birthweights were not significantly different from Group 2C 
or from Group 2A. Group 2A birthweights were significantly 
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FIG. 1. Mean liquid diet consumption of ethanol-treated pregnant 
rats as a function of gestational treatment time and daily periods. 

TABLE 1 
MEAN MATERNAL WEIGHT GAIN IN GRAMS 

Group A Group YC Group C 

Group I 23.6 23.4 19.8 

Group 2 21.9 19.0 22.6 

TABLE 2 
FREQUENCY OF NEONATAL DEATH 

Group A Group YC Group C 

Lived 25 26 26 
Group 1 

Died 2 1 ! 

Lived 13 18 22 
Group 2 

Died 12 5 2 
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FIG. 3. Mean grasp scores of prenatal ethanol treatment and control 
mice as a function of postnatal age. 

different from Group IA. Control groups from the two 
treatment times did not differ from one another. 

Figure 2 shows the mean weights for the pups over the 20 
day testing period. A three factor (treatment type, treatment 
time, postnatal days) analysis of variance with repeated 
measures on one factor (postnatal days) of  weights on 
postnatal days 5, 10, 15 and 20 resulted in a significant treat- 
ment type × treatment time x postnatal day interaction, 
F(6,122)=2.93, p<0.025.  Post hoc analyses indicated that 
Group I showed very little variation (non-significant) among 
treatment groups at any of  the four postnatal periods. In 
Group 2, differences were not significant on days 5 and 10. 
On days 15 and 20, Group 2A was significantly different from 
2C and 2YC which did not differ from one another. Group 2A 
differed from Group IA on day 20. Control groups did not 
differ from one another at any postnatal time. 

Motor and sensory related developmental tests were ini- 
tially analyzed using a two factor analysis of variance. The 
day of  reaching criterion level was used as a dependent 
measure. This preliminary statistical approach revealed no 
differences between treatment types, treatment times or in- 
teraction of  types × times. The measures were further 
analyzed using a three factor analysis of  variance with re- 
peated measures on one factor. 

Motor Related Measures 

With the exception of  the expected significant alterations 
in scores of  the motor related tests over testing days, the 
analyses of  movement, righting, cliff aversion and vertical 
screen tests did not reveal any significant effects due to type 
or time of  treatment or interactions among the factors. The 
development of these behaviors was unaffected by the exper- 
imental manipulations. Significant results were obtained 
from the analyses of  the grasp reflex and horizontal screen 
tests. In the grasp reflex analysis, the time of treatment x 
testing day interaction was significant, F(5,210)=2.74, 
p<0.025.  While this indicated that Group 2 was different 
from Group 1 on some portion of  the testing days, an inspec- 
tion of  Fig. 3 suggested that the difference(s) was primarily 
due to the scores of  Group 2A. Post hoc analyses indicated 
that Group 1 treatment groups did not differ from each other 
on any day, but that Group 2 animals were different on days 
6, 7 and 8. On days 6 and 8, Group 2A was significantly different 
from Groups 2YC and 2C. On day 7, Group 2A differed from 
Group 2C. Group 2YC was not different from Group 2A or 
Group 2C. Group 2A differed from Group IA on days 6, 7, and 
8. Differences were not significant after day 8. 

The horizontal screen analysis revealed a significant type 
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FIG. 4. Mean horizontal screen scores of prenatal ethanol treatment 
and control mice as a function of postnatal age. 

of treatment x testing day interaction, F(14,294)=2.27, 
p<0.01.  An inspection of Fig. 4 suggested that these results 
were due primarily to the low scores of Group 2A on several 
of  the testing days.  Post hoc analyses revealed that Group 1 
animals showed similar developmental  rates on this task. On 
day 9, Group 2C was significantly different from Groups 2A 
and 2YC which did not differ from one another. On days 10 
and 11, Group 2A differed from Groups 2C and 2YC. Group 
2A differed from Group IA on all three days. Differences 
ceased to be significant after day 11. 

Sensory Related Measures 

No significant differences were found between groups for 
day of eye opening, ear  opening, or presence of the auditory 
startle response. 

Physical Malformations 

No gross physical anomalies were anticipated because of 
the relatively low ethanol dosage and short duration of  
treatments.  However,  two out of five ethanol litters in Group 
2 displayed some unusual characterist ics on the day of birth. 
All of  the pups in one litter had blood marked tail tips. The 

markings disappeared after about one week. Two of six pups 
in a second litter displayed a bloody mark under the skin on 
the nose or head area. These marks also disappeared within a 
few days and did not appear to be correlated with specific 
developmental problems. No other physical malformations 
were observed. 

DISCUSSION 

The results of this study suggest that exposure to non- 
teratogenic levels of ethanol during pregnancy can have 
pronounced effects on mouse offspring. The period of 
ethanol administration appears to be a critical factor in that 
markedly different effects are produced when ethanol treat- 
ment occurs during late pregnancy (Group 2) as compared to 
middle pregnancy (Group 1). The increase in neonatal deaths 
in the late gestation ethanol treatment group (Group 2A) is 
the most clearcut finding of  the study. Group 2A animals 
were differentially affected by the drug treatment relative to 
their controls (Goups 2YC and 2C) while Groups 1A, IYC, 
and IC showed no difference in offspring viability. 

Although these results seem to indicate that there is a 
critical period during gestation when ethanol can com- 
promise neonatal survival, ethanol consumption factors may 
provide an explanation which is contrary to a purely critical 
period hypothesis. Differences in the quantity consumed and 
the pattern of intake of  the ethanol containing liquid diet 
between Groups 1A and 2A dams may have resulted in a 
differential exposure to ethanol between Groups IA and 2A 
fetuses. Group 2A fetuses may have been exposed to more 
ethanol than Group l A fetuses. The experiment was de- 
signed to allow free access to the diets by the pregnant 
ethanol-treated mice so that consumption could be regulated 
by maintenance needs of the growing pups which require a 
greater consumption of nutrients as pregnancy progresses 
[39]. Had the intake for Group 2A been restricted to the 
Group 1A intake levels, the Group 2A mice would undoubt- 
edly have been at a severe disadvantage in trying to meet the 
increasing needs of pregnancy. 

Although Group 2A fetuses may have received more 
ethanol than their Group 1 counterparts it is possible that the 
former had a greater metabolic capacity than the latter. 
Fetal rat liver aldehyde dehydrogenase (ALDH) has been 
found to be active beginning on day 15 of gestation, with a 
small, but rapid increase at birth [47]. If the alcohol metabo- 
lite acetaldehyde mediates some of the toxic effects of 
ethanol on fetal development [37], Group 2A may have been 
exposed to less of the metabolite than was Group IA since 
ALDH catalyzes acetaldehyde oxidation. On the other hand, 
the mother 's  placenta may act as an auxiliary liver during 
early pregnancy as the fetal liver is developing since placen- 
tal ALDH activity decreases in proportion to increasing fetal 
liver enzyme activity [47]. The complexity of these alterna- 
tive hypotheses concerning ethanol effects on Groups IA 
and 2A combined with the fact that the present investigation 
was not designed to determine directly the amount of  fetal 
ethanol exposure offer little basis for concluding whether 
Group 1A or 2A fetuses received greater, lesser or equal 
prenatal exposure to ethanol and/or its metabolites. Further 
research should incorporate measures of ethanol and acetal- 
dehyde levels in the fetus during the two prenatal periods. 
The different consumption patterns during these periods also 
need further investigation. This additional information is 
necessary in order to determine whether the period of gesta- 
tion, rather than the amount of ethanol consumed by the 
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dam, and/or her consumption pattern is critical to the de- 
creased neonatal survival observed in the present study. 

Several previous reports have noted increases in neonatal 
deaths after prenatal exposure to ethanol. Children of  
chronic alcoholic women are prone to increased neonatal 
mortality [19, 27, 29, 36], but critical periods for ethanol 
consumption have not been determined. Long term ethanol 
administration (both before and throughout pregnancy) re- 
sulted in increased mortality of  infant rats during the first 
three post-natal days,  the only period analyzed [17]. Ethanol 
treatment throughout pregnancy resulted in decreased via- 
bility of  rat offspring during the pre-weaning period [3,31]. 
Exposure of  the long sleep and short sleep lines of mice to 
ethanol during gestation days 1-10, 11-20 or 1-20 resulted in 
50% neonatal deaths of long sleep offspring treated during 
the latter two time periods [52]. Similarly, offspring of 
C57BL mice administered ethanol during the second half of 
pregnancy exhibited significantly more neonatal deaths than 
did those exposed during the first half of  gestation (Fish, in 
preparation). The present study indicates a more restricted 
susceptible period for prenatal ethanol-induced deaths in 
heterogenous stock (HS) mice. 

The use of  both pair fed and lab chow fed controls is the 
most effective way to estimate the extent to which group 
differences are due to the effects of malnutrition (the differ- 
ence between Groups C and YC scores) or to the ethanol 
i tself(the difference between Groups A and YC scores). The 
non-differential weight gains across all groups of  pregnant 
dams would seem to indicate no obvious detrimental effect 
due to the substitution of  the liquid diets for a short duration. 
However,  maternal weights may not be a valid index of fetal 
well-being since the nutritional component seemed to be in- 
fluential in determining birthweight. In Group 2A birth- 
weights were significantly depressed in comparison to Group 
1C, 2C and IA birthweights while Groups IYC and 2YC 
weights were not significantly different from any of the other 
group birthweights. This indicates that the lowered birth- 
weights following the late administration of the ethanol con- 
taining liquid diet are partially due to the alcohol itself and 
partly due to nutritional deficits. 

Maternal alcoholism during pregnancy is generally asso- 
ciated with decreased birthweight in humans [19]. Moderate 
ethanol consumption during late pregnancy resulted in de- 
creased birthweights not seen after early pregnancy con- 
sumption [28]. Previous animal research yielded conflicting 
results concerning ethanol-induced birthweight alteration. 
No differences between ethanol treated offspring and their 
controls [32, 35, 59] or lowered birthweights for ethanol 
treated animals [4,15] have been noted. Decreased birth- 
weights of  both ethanol and sucrose control treated groups 
have also been described [1, 31, 56]. 

After fostering of  the neonates to surrogate mothers, 
Group 2A weights exhibited a temporary "ca tch  up" re- 
flected in the analysis of  weights on postnatal days 5 and I0. 
Although the weights of  all of the groups increased through- 
out the neonatal period, Group 2A weights deviated from all 
of  the others on days 15 and 20. The reason(s) for the initial 

"ca tch up"  followed by the slower growth of  Group 2A in 
comparison to the other groups is not obvious. The untreated 
surrogate mothers might have had a short-term, positive in- 
fluence on Group 2A. Those factors associated with increas- 
ing growth after the 10th postnatal day might have been criti- 
cally altered by the late prenatal ethanol treatment. 

Behavioral measures were relatively unaffected by the 
prenatal treatments. The time required to reach adult per- 
formance levels did not differentiate any group on any task. 
Developmental delays, expressed by qualitative changes in 
the rates of  development of  adult proficiency, were observed 
in the grasp and horizontal screen tasks. These delays,  oc- 
curing between days 6 to I 1, were transitory and were found 
primarily in Group 2A animals. On two occasions (Grasp 
Ref lex--Day 7 and Horizontal Screen Task - -Day  9) the low 
scores of  Group 2YC suggest a possible contribution of  nu- 
tritional factors to the impairments of Group 2A. It should be 
noted that both tasks require forelimb manipulative 
capacities which may be altered by the late gestation alcohol 
treatment.  The ontogeny of  many of  the same behaviors de- 
termined in the present study, often quantified as day of  
response appearance or studied at one postnatal time, was 
not different between treatment groups in other studies [13, 
31, 59] although differences on some behaviors have been 
reported [13,31]. The nutritional component was not impli- 
cated. 

Sensory related measures did not appear to be affected by 
ethanol exposure, a result which does not correspond with 
some earlier findings [22, 31, 59]. These researchers,  how- 
ever, administered higher levels of ethanol than in the pres- 
ent study and/or utilized different strains of  animals without 
pair fed controls or cross-fostering. 

It is possible that more differences in the measured indi- 
ces might have been observed if all animals had lived to be 
tested. The high frequency of  deaths among Group 2A may 
have eliminated the lower end of the score distribution for 
this group. Greater  differences might also have been ob- 
served if the conservative means of selecting which experi- 
mental animals to cross-foster had been a random choice. 
Instead, the healthiest animals were chosen in an effort to 
increase survival chances throughout the daily testing. Both 
of  these factors (neonatal deaths and cross-fostering choices) 
may have systematically eliminated an important portion of 
the sample. 

Overall,  the level and duration of  ethanol exposure in the 
present study allows for relatively normal sensorimotor de- 
velopment when administered late in gestation and has no 
observable effect when administered during the middle of 
gestation. The intact development of  the offspring treated 
during the mid gestational per iod-- the  earliest period of  
brain development--a l lows for the further investigation of 
learning and memory capacities of these mice in the absence 
of  the confounds of  sensorimotor deficits. Further research 
is necessary to determine the causative factors involved in 
the severe decrease in offspring viability, the lower birth- 
weight and the slower growth during the neonatal period of  
the animals exposed to ethanol late in gestation. 
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