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QUINONES-JENAB, V., P. BATEL, S. D. SCHLUSSMAN, A. HO AND M. J. KREEK. Cocaine impairs mater-
nal nest building in pregnant rats. PHARMACOL BIOCHEM BEHAYV 58(4) 1009-1013, 1997.—The present study investi-
gated the onset of maternal nest building in pregnant Fischer rats following chronic repeated cocaine administration. Preg-
nant Fischer rats were injected with saline or cocaine, 15 mg/kg, three times daily at 1-h intervals for 10 days starting on
gestation day 8. Cocaine-exposed females incorporated less material into their nests and built fewer fully completed circular
nests than control animals. The overall quality of the nest in cocaine exposed dams was significantly lower than that of control
animals. Furthermore, cocaine exposed dams gained less weight than control females. However, no difference in number of
pups, weight, or length of pups was observed between groups. Thus, it seems that cocaine disrupts the interest and skill in nest

building of pregnant rats. © 1997 Elsevier Science Inc.

“Binge” pattern cocaine Pregnancy Drug abuse

Maternal behaviors

Cocaine

THE growing use of cocaine among pregnant women has be-
come an issue of great concern because a substantial popula-
tion of infants are exposed gestationally to cocaine (10). Re-
cent reports of the prevalence of cocaine use in the United
States of America during pregnancy range from 10-17% (8).
Maternal cocaine use during pregnancy is associated with
medical and life-style characteristics detrimental to fetal and
infant development (10). In humans, prenatal cocaine expo-
sure has been reported to be associated with a variety of ab-
normal symptoms ranging from genitourinary tract malforma-
tions and intrauterine growth retardation, to neurological
alterations such as elevated startle response, tremor, rigidity,
seizure, microcephaly, learning disabilities, and behavioral
disorders (4-6,10,14). Cocaine use may increase up to three-
fold the relative risk for anomalies in cocaine exposed fetuses
vs. control perinates (it has been reported that 15.7% cocaine-
exposed perinates exhibit anomalies vs. 5.4% perinates without
known prenatal cocaine exposure) (9). Cocaine use during
pregnancy has also been reported to significantly contribute to
the risk of placental abruption, preterm delivery, low birth
weight, stillbirth, and other defects (10). Most of the reported

clinical studies focus on the physiological and behavioral conse-
quences of cocaine abuse in offspring. Little is known regard-
ing the effects of cocaine on maternal behavior or on possible
neuroendocrine regulation in female humans and animals, es-
pecially during pregnancy.

Kinsley et al. have proposed that prenatally cocaine-
exposed children may face poor maternal care, in combina-
tion with teratological effects of gestational cocaine exposure;
thus, these offspring face a double jeopardy (11). This is also
true for rats, where cocaine exposure significantly reduces
maternal behaviors (11,20,23). Rats exposed to cocaine during
pregnancy are less attentive to their young, spending signifi-
cantly less time in their nest, with increased latencies to en-
gage in maternal behaviors, resulting in reduced or eliminated
maternal responsiveness (11).

Maternal behaviors can be defined as the species-typical
activities in which the mother engages, to insure the survival
and optimize the development of her offspring (13). During
pregnancy, rodents engage in nest-building behaviors, which
continue at a high level throughout lactation (13). A nest pro-
vides a place in which to bear and raise the young (2,21). Nest
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building is instrumental in the successful rearing of young fol-
lowing parturition (3). Because cocaine exposure has been
shown to affect the onset and maintenance of maternal behav-
iors in lactating rats (11), we wished to determine whether
and to what extent maternal behaviors are affected earlier,
during gestation, where little is known. Thus, in the present
study we examined the effects of cocaine exposure during ges-
tation on the nest-building behaviors of the pregnant rat.

GENERAL METHOD
Animals

Female Fischer rats purchased from Charles River were
housed in an acoustically controlled stress-minimized facility
in single-animal cages with free access to food and water, and
maintained on a 12-h light-dark cycle (lights on at 0930 h).
Two weeks after adjustment to the animal facility the females
were time mated. The day that the sperm plug was found was
defined as day O of pregnancy. The animals’ cages were
changed once a week before the first injection of the day.

Drug Administration

Twenty-four animals were randomly assigned to two
groups (matched according to plug day). However, one ani-
mal in the cocaine group was found not to be pregnant, result-
ing in 11 cocaine-treated animals and 12 saline-treated ani-
mals. On gestation day 8 to 17, animals received three daily
intraperitoneal injections of 0.9% saline (1 mg/kg of body
weight) or cocaine (15 mg/kg of body weight dissolved in
0.9% saline at a concentration of 15 mg/ml), at 1000, 1100, and
1200 h. This dosing schedule was chosen to mimic the manner
in which cocaine is often self-administrated by humans both in
terms of temporal pattern and in relation to circadian rhythm
(1). Because rats are nocturnal, the time of the injections ap-
proximates early evening hours for humans (1).

Assessment of Nesting Behavior

From gestation day O to 8 the animals were allowed to
build nests ad lib. At 1000 h, before the first injection of the
day, the nest quality was scored. The nest quality was rated on
a 5-point scale ranging from 0 to 4, modified from Lisk et al.
(12). A score of 0 was given when no nest was built by the fe-
male. A score of 1 was given when nesting material was
present in a corner of the cage, but no organized nest was
built. A score of 2 was given when some kind of organization
of nesting material, such as a semicircular organization, was
present in a corner of a cage, but no walls or more complex
structure were present. A score of 3 was given when a com-
plete circular or semicircular nest with walls was built, and a
score of 4 was given to a full nest with tall walls.

The quality of the nest was recorded before daily drug or
saline administration. On the first, fifth, and ninth day of
treatment, at 1000 h the nests were removed from the cage.
After the third injection of the day, 25 g of nesting material
(compressed cotton) was put on the top of the cage. The ani-
mals were then observed for a period of 30 min. The time un-
til the animal demonstrated interest in the nesting material
and the time until the animal brought the nesting material to a
corner of the cage were each recorded.

The next morning the quality of the nest was scored and
the amount of nesting material utilized was recorded. Because
major physiological changes occur after gestation day 17, such
as the increase of estrogen and oxytocin levels that occurs
later in the third trimester when dams are preparing for partu-

QUINONES-JENAB ET AL.

* .
N ---=-- Saline
25 + —— Cocaine
*
- * A
.GE, 204 * L
© * 1
o 15 A
n %
£
© 10+ % B
le)] T I
s
51 :
_____%/ |
0= * T T T T T
7 9 11 13 15 17

Gestation day

FIG. 1. Mean (xSEM) daily weight gain from gestation day 7 (1 day
before treatment) to gestation day 17 of cocaine- and saline-treated
dams. Cocaine administration affected body weight gain in pregnant
animals. *Represents a significant difference determined by ANOVA
followed by Newman-Keuls post hoc tests, p < 0.05.

rition, gestation day 17 was chosen for sacrifice by decapita-
tion after exposure to CO,. The number of embryos, their
size, and the number of resorptions were recorded.

Statistics

A one-way analysis of variance (ANOVA) with repeated
measures followed by Newman—Keuls post hoc tests was used
to determine the significance of differences between treat-
ment groups in body weight. To examine the effect of cocaine
on the quality of maternal nest building, a nonparametric ap-
proach was used in the analysis of the daily behavioral ratings:
A Kruskal-Wallis ANOVA by ranks was used to determine
the significance of differences between the groups on each
day of scoring. To look at the effect over the entire treatment
period (from the day before starting treatment to the 10th day
of “binge” pattern cocaine administration), the median value
of the 11 behavioral scale scores was used in a Kruskal-Wallis
ANOVA. Finally, to examine the significance of the differ-
ences between groups in the nest-building parameters of
grams of nesting material used, interest in nesting and time to
bring material to cage corner measured in minutes, with
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FIG. 2. Mean (*SEM) daily nesting scores from gestation day 7 (1
day before treatment) to gestation day 17 of cocaine- and saline-
treated dams. Cocaine administration affected nest-building behavior
in pregnant females. *Represents a significantly lower score, Kruskal-
Wallis ANOVA by ranks, p < 0.05.
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FIG. 3. Effect of binge cocaine administration on the nesting activity of dams during treatment days 1, 5, and 9. Mean amount of cotton pulled for
nest building (g) (A), time to show interest (latency in minutes) (B), time to start building the nest (in minutes) (C), and nesting score (D) on first,
fifth and ninth day of treatment. (Values shown as mean = SEM, *represents significant differences between groups by Mann-Whitney U, p < 0.05).

skewed distributions, the Mann-Whitney U-test was used.
Significance in all cases was considered to be p < 0.05.

RESULTS

The overall weight gain of cocaine-treated and control
dams is shown in Fig. 1. The pattern of weight gain of the two
groups over the course of the study was significantly different
[the group by day interaction F(1, 198) = 4.15, p < 0.0001].
After day 3 when the cocaine-treated dams failed to gain
weight, the weight gain between the groups was almost paral-
lel. Nevertheless, the cumulative effect was such that after the
sixth day of treatment (gestation day 13), cocaine-treated
dams had gained significantly less weight than control animals
(Newman-Keuls post hoc tests, p < 0.02 or less).

The mean daily nesting scores of both groups from gesta-
tional day 7 to 17 are shown in Fig. 2. The scores of the saline-
treated animals were higher than those of the cocaine-treated
dams from day 2 of treatment (gestational day 9) through day
10 of treatment (gestational day 17), as reflected in a signifi-
cant difference (Kruskal-Wallis ANOVA by ranks) on each
day save the fourth (gestational day 11). An analysis of the
median nesting score for each dam across the 11 days of treat-
ment also showed a significant difference between groups
(Kruskal-Wallis H = 15.17, p = 0.0001).

Cocaine-treated dams incorporated less nesting material
into their nests on day 5 of treatment (gestational day 12) than
control dams (Mann-Whitney U = 34.5, p < 0.02), as can be
seen in Fig. 3A. Control animals had significantly shorter laten-
cies to demonstrate the initial interest in nesting material (de-
termined as the time until the pregnant dam investigates the
nesting material), as well as the time until that the animal
brings nesting material to a corner of the cage (Mann—-Whitney
U-tests, p < 0.05 or less as shown in Fig. 3B and C, respec-
tively). Furthermore, the quality of nests built by cocaine-
treated dams was significantly decreased during these test
days (Kruskal-Wallis ANOVAs by rank, p < 0.05 or lower),
as may be seen in Fig. 3D. No differences between groups in
the number or size of fetuses were observed (Fig. 4).

DISCUSSION

We demonstrated that cocaine can impair the ability of
pregnant females to build a nest. Cocaine-exposed pregnant
rats took longer to show interest in nesting material and longer
to initiate their nesting activities, utilized less material in their
nest, and their nests were of poor quality than control dams.

During postpartum periods, Zimmerberg and Gray (23)
observed that a low dose of cocaine (5 mg/kg/day, intraperito-
neal) had no effect on nest-building behaviors of dams. How-
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FIG. 4. Effect of binge cocaine administration on the number and
size (in cm) of pups in litters and number of fetal resorption in
pregnant female animals.

ever, a recent study by Vernotica et al. (20) demonstrated that
higher doses of cocaine (20 and 40 mg/kg/day, subcutaneous,
in a single dose) significantly impaired nest-building behavior
in dams during postpartum. Furthermore, Vernotica et al.
(20) demonstrated that the deficit in nest building persisted
for as long as 4 h following injection. Thus, the route, dose,
and mode of cocaine administration may have an effect on the
nest-building behaviors. It is feasible that higher doses of co-
caine such as those used by us and Vernotica et al. (20) than
those used by Zimmerberg and Gray (23) have a significant
effect on the disposition of the females to build nests both
during gestation (shown here) and after parturition (20).

In this study we demonstrated that 22 h after “binge” pat-
tern cocaine administration (15 mg/kg, three times/day, intra-
peritoneal) the amount of nesting material incorporated into
the nest was reduced and the quality of the nest built was im-
paired in pregnant dams. It has been shown that the locomo-
tor effects of cocaine in males Fischer rats (using the same co-
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caine administration paradigm) are no longer evident four
hours after the last injection of the day (19). Thus, the effect
of cocaine on the nest qualilty reported here is not likely to be
due to locomotor effects of cocaine.

The impairment in nest-building behavior after cocaine expo-
sure could be mediated by changes in the cascade of hormonal
and neurochemical factors that regulate the stimulation and/or
maintenance of the maternal behaviors. Construction of the
maternal nest has been reported to be regulated in part by ova-
rian and brain hormones (3,15,16,21). These hormones include
oxytocin, prolactin, progesterone, and estrogen, each of which
has been shown to interact with opioids (7,18). Although no neu-
rochemical assessments were conducted in these experiments, it
is provocative to speculate that the effects of cocaine on nest-
building behaviors are mediated at those neurochemical levels.
Further studies are needed to examine these relationships.

A decrease in nesting behavior on days 16 and 17 of gesta-
tion has been previously shown in pregnant mice (2). In rats,
progesterone decreases on gestation day 17 (13). Thus, the
sharp decrease we observed in the nesting behavior both in
cocaine and saline rats may be in part regulated by levels of
progesterone and/or its receptor.

Although we hypothesizes that gestational exposure to co-
caine can result in differential regulation of neuroendocrine
mechanisms, other alternative mechanisms, such as an in-
crease in locomotor activation, stereotypic behaviors, stress
responses (each of which has been found to be affected in
male Fischer rats using “binge” pattern cocaine administra-
tion (17,19,22)), and/or thermoregulatory mechanisms, could
contribute to the effects of cocaine on the nest-building activ-
ity of the dams. The role of each of these mechanisms in nest-
building behaviors remains to be determined.
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