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Effects of postnatal alcohol exposure
on maternal nesting behavior in the rat

NIGEL W. BOND
School ofBehavioural Sciences, Macquarie University, North Ryde, N.S. W. 2113, Australia

Seven female Wistar rats were fed a liquid diet containing Sustagen and ethanol through
Days 1-17 of lactation. Six control females were pair-fed an identical liquid diet except for
isocaloric substitution of sucrose for ethanol. Continuous monitoring of maternal nesting
behavior, employing automated nesting chambers, indicated that the mothers fed ethanol
spent more time on the nest nursing their young than the pair-fed controls during the middle
of the observation period. This increase in nesting time may be due to a decrease in activity
in the ethanol-fed mothers or due to greater heat loss in their pups, allowing them to remain
longer on the nest. This increased nesting time occurs when the pups' motor effectiveness
and exploratory drive are developing, and may account for the long-term behavioral changes
seen in the pups.

It has now been clearly demonstrated that a variety
of treatments, including drugs, malnutrition, and
stress, imposed on the neonatal organism can have
profound and permanent effects on subsequent
behavioral and physiological processes (Gottlieb,
1978). Despite this, very little is known about the
effects of alcohol on the developing organism
(Hollstedt, Olsson, & Rydberg, 1977). Recently, it
has been reported that the offspring of chronic alco
holic women exhibit a distinct pattern of cranio
facial, limb, and cardiovascular defects associated
with growth deficiencies and mental retardation
(Jones, Smith, Ulleland, & Streissguth, 1973). Fol
lowing the discovery of this "fetal alcohol syndrome,"
there has been an increase of interest in the effects
of prenatal alcohol exposure on offspring behavior,
but the same enthusiasm has not encompassed the
study of the effects of alcohol on the neonatal
organism. This is important, because much research
into the fetal alcohol syndrome has employed the rat
and the mouse as possible models. Both of these
animals differ from man in that their whole brain
growth spurts are postnatal, whereas in man the
spurt is perinatal (Dobbing & Smart, 1973). There
fore, if one is interested in the effects of alcohol
during the period of maximal brain growth, one
should study the postnatal period in the rat and the
mouse.

Very few studies have restricted alcohol exposure
to the postnatal period . However, those that have
seem to indicate that the effects of alcohol on the
neonatal organism are at least as profound as the
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effects on the fetus. Thus, exposure during the post
natal period leads to higher infant mortality, growth
retardation, and developmental delays (Martin,
Martin, Sigman, & Radow, 1977), emotional reactiv
ity (Abel, 1975), and learning deficits in rats (Bond,
Note 1), increased seizure susceptibility (Yanai &
Ginsburg, 1976), and decreases in aggressive behav
ior in C57 and DBA mice (Yanai & Ginsburg, 1977).
Further, Bauer-Moffett and Altman (1977) have
demonstrated that rats exposed to alcohol postnatally
evidenceretarded growth in a variety of brain regions,
and Rawat (1975) has observed that pups suckling on
ethanol-fed mothers had significantly lower levels of
cerebral DNA and RNA.

Given that alcohol occurs in the breast milk in
concentrations higher than ' in the mother's blood
(Matzdorff, 1942) and that it is excreted in the milk
(Lehman, Schwerma, & Rickards, 1945), it would
seem reasonable to attribute the physical and behav
ioral changes observed to the alcohol treatment
per se. However, it is also possible that the observed
effects of the alcohol were mediated via changes in
maternal behavior (Abel, 1975; Yanai & Ginsburg,
1977). There is evidence that exposure to ethanol can
depress the milk-ejection reflex in nursing mothers
through the inhibition of oxytocin release (Fuchs,
1969). Thus, the ethanol treatment may also affect
the nursing behavior of the mother rats. For example,
Baer and Crumpacker (1977) have reported increased
cannibalism in the mothers of long-sleep (LS) mice
forced to drink alcohol during lactation, and have
suggested that part of the effect of the drug on prog
eny survival is due to deleterious alterations in mater
nal care behavior. Given the profound influence of
the early environment on offspring behavior, such an
alteration in the mother-pup interaction might
account for the long-term changes seen in the pups'
behavior (Denenberg, 1964).
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RESULTS

METHOD

The present experiment compared both the num
ber of nesting bouts and the cumulative nesting time
of nursing dams fed ethanol and pair-fed controls.
This was achieved by employing automated nesting
boxes which allowed for the continuous monitoring
of maternal nesting behavior (Croskerry, Smith,
Leon, & Mitchell, 1976).

Procedure
On the day of birth, the litters were culled to six pups per dam .

The experimental group (N = 7) received a liquid diet containing
6.5070 ethanol (95070 v/v), 3070 sucrose (87070 w/v), 87.5070 Sustagen
(.95 cal/ml), and 3070 water. The control group (N = 6) was pair
fed an identical liquid diet except for the isocaloric substitution
of sucrose for the ethanol. The diets were prepared fresh daily
and presented in a graduated Richter tube inserted into the side of
the cage opposite the entrance to the nesting box . Thus it could
not be reached unless the female left the nest. The dams were fed
their respective diets for Days 1-17 after parturition, when the
experiment was terminated. The average dose of ethanol consumed
daily by each experimental dam was 12.2 g/kg. A pup was lost
from each of two experimental litters and from one control
litter.

Subjects and Apparatus
Thirteen IOO-day-old pregnant Wistar rats were used. They

were housed individually in plastic cages, measuring 23 x 38 x
15 em, in a sound-attenuated temperature-controlled room on a
12-h light-dark cycle with lights on at 0600 h. Each of the cages
contained a nest-tray designed for continuous monitoring of
maternal nesting behavior. These recording cages were described
in detail by Croskerry et al. (1976). Briefly, each tray was balanced
on a fulcrum, and when the female entered the nest-tray, a
microswitch closed and activated an event recorder pen. This
enabled a complete record of maternal nesting times to be
obtained. Further, the dimensions of the nests were such (136 em')
that nesting time also provided an accurate estimate of nursing
time (cf. Croskerry et aI., 1976).

Figure lA shows the mean total nest times for both
groups on each day. Nesting times were analyzed
using a two-way analysis of variance. This yielded
a significant effect of Time (F = 216.8, df = 16/176,
p < .(01) and a Diet by Time interaction (F = 2.8,
df = 16/176, p < .(01). Further analyses revealed
both linear (F = 685.1, df = 1/11, p < .(01) and
quadratic trends (F = 14.0, df = 1/11, p < .01)
on the Trials factor. The Diet by Trials interaction
was restricted to a quadratic trend (F = 14.1, df =
1/11, p < .01). Inspection of Figure lA reveals that,
while both groups evidenced a progressive decline in
daily nest time postpartum, the alcohol group spent
significantly more time in the nesting boxes with their
pups during the middle of the nursing period.

Nesting bouts are illustrated in Figure lB. A two
way analysis of variance yielded only a significant
effect of Time (F = 6.5, df = 16/176, p < .(01),
both groups evidencing fewer nesting bouts during
the middle of the observation period.

Figure 1. (A) Mean total daily nest time of the alcohol-fed and
sucrose-fed mother rats. (B) Mean dally nest bout Initiation fre
quencies (SEMs are Indicated by the vertical lines.)

The weights of the alcohol and control mothers
and their litters did not differ throughout the experi
ment (F < 1.0, in both cases).

DISCUSSION

The maternal nesting pattern of both groups evi
denced a progressive decline in daily nest time over
the course of the lactation period (Figure lA). Inter
estingly, this decline in nest time did not result from a
decrease in the number of nesting bouts, which actu
ally increased towards the end of the study (Figure lB),
but from a decrease in the length of each bout. In
this respect, the present results replicate previous
findings employing automated nesting chambers
(Leon, Croskerry, & Smith, 1978).
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Importantly, the mothers fed ethanol spent more
time on the nest nursing their young than the pair
fed controls, although this difference was restricted
to the middle of the nursing period. There are a num
ber of possible reasons for this behavioral difference .
First, it is well known that large doses of ethanol can
depress activity (Pohorecky, 1977). Thus, the females
fed ethanol may have been less active and spent more
time lying on the nest as a result. Second, Leon et al,
(1978) have shown that nest bout durations are nor
mally limited by a rise in maternal temperature
brought about by huddling with the litter. Ethanol is
known to cause vasodilation and heat loss (Ritchie,
1965). Therefore, the experimental pups, having con
sumed ethanol via their mother's milk, may lose heat
more quickly than the control pups . If the experi
mental litters were colder than the controls at the
beginning of the nesting bouts, then their mothers
would be able to remain with them for longer peri
ods. (Note that the two groups did not differ in the
number of nesting bouts, only in the nesting time per
bout, experimental mothers displaying longer bouts.)

The fact that the nursing mothers fed ethanol spent
more time with their young during the middle of the
nursing period is particularly interesting, because,
from about the 10th day of life, the rat displays a
steady growth in motor effectiveness and develop
ment of the exploratory drive (Altman & Sudarshan,
1975). Thus, the change in the experimental mothers'
nursing behavior occurs at a time when it may have a
profound influence on pup development and may
account for the long-term behavioral changes seen in
the pups (Denenberg, 1964). However, the automated
nesting boxes employed in the present study do not
allow for the observation of a variety of maternal
and pup behaviors . Clearly, further work is needed
to determine if the observed changes in nursing
behavior influence pup development in any way.

The increased nesting times of the experimental
dams may have an important effect on the growth
of their offspring. As noted previously, exposure to
ethanol can depress the milk-ejection reflex in nurs
ing mothers and lead to weight loss in their pups
(Martin et al., 1977). The pair-feeding technique
employed in the present study was successful in
matching the weights of both groups of nursing
mothers and their litters despite the fact that the daily
dose of ethanol consumed by the experimental moth
ers, 12.2 g/kg, was well within the range required to
produce interference with milk ejection (Fuchs, 1969).
If this was the case, it is possible that the increased
nesting time of the experimental dams may have
allowed their pups to compensate for any impairment
in the milk-ejection reflex by increasing the suckling
time available to them.

In conclusion, the present results indicate that
postnatal ethanol exposure leads to increases in
maternal nesting time, which may account for some
of the long-term behavioral changes seen in the pups .
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