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HEYSER, C. J., G. A. GOODWIN, C. A. MOODY AND L. P. SPEAR. Prenatal cocaine exposure attenuates
cocaine-induced odor preference in infant rats. PHARMACOL BIOCHEM BEHAV 42(1) 169-173, 1992.—1In order to
further examine whether prenatal cocaine exposure alters the later reward efficacy of cocaine, exposed offspring were tested
for cocaine-induced odor preference early in life. Test offspring were derived from Sprague-Dawley dams that received daily
SC injections of 40 mg/kg/3 cc cocaine hydrochloride (C40) from gestational day 8-20, nutritional control dams receiving
daily SC saline injections (NC), and nontreated control dams (LC). At testing on postnatal day 8 (P8), both LC and NC
offspring were observed to exhibit a preference for the odor that had been paired on P7 with 2.0, 5.0, or 10.0 mg/kg cocaine.
In contrast, C40 offspring exhibited a significant odor preference only when the odor had been previously paired with 5.0 or
10.0 mg/kg cocaine. These results, combined with previous work from our laboratory showing that adult offspring exposed
gestationally to cocaine did not exhibit a cocaine-induced conditioned place preference, provide evidence that offspring
exposed prenatally to cocaine are less likely to develop a preference for stimuli associated with cocaine. Further studies are
needed to determine whether these alterations in cocaine preference reflect a learning deficit, pharmacokinetics factors, or an
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attenuation in the rewarding properties of cocaine.
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THE potential impact of in utero cocaine exposure is of sub-
stantial concern. A number of studies have indicated that the
prevalence of cocaine use among pregnant women ranges
from 8% to 13.5% (9,11,22). Cocaine use during pregnancy
has been associated with a higher incidence of preterm deliv-
ery, premature rupture of placental membranes, microceph-
aly, and small-for-age infants (11,22) [for reviews see (10,
23)]. Neurobehavioral assessments of these infants have re-
vealed a number of differences between cocaine-exposed and
nondrug-exposed infants, including increased muscle tone, ir-
ritability, tremulousness, a depression of interactive behavior,
and poor state organization [(2,3,6); see, however, (25)].
Animal models of gestational cocaine exposure were first
used to examine its teratogenic effects (19,20). More recent
studies have focused on neural and behavioral effects at non-
toxic doses (for a review of clinical and animal findings, see
7). Behavioral assessments have revealed a number of conse-
quences of gestational cocaine exposure, including alterations
in the normal ontogenetic pattern of locomotor activity (15,
29) and deficits in classical conditioning (12,32,33) and sen-

sory preconditioning (12) during the preweanling period. In
adulthood, such offspring have been reported to exhibit alter-
ations in DRL-20 acquisition and water maze performance
29).

A number of neural alterations have also been reported
following gestational exposure to the dopamine (DA) uptake
inhibitor cocaine. Neural regions affected include not only the
DA system (8,27,32) but other neural systems as well (5,8).
Exposed offspring also have been reported to exhibit an atten-
uated locomotor response to cocaine and d-amphetamine at
30 days of age (30), and to fail to exhibit cocaine-induced
conditioned place preferences (CPP) in adulthood, condition-
ing that was evident in offspring of pair-fed and ad lib control
dams (13). This lack of cocaine-induced CPP in adult off-
spring exposed gestationally to cocaine could potentially re-
flect an attenuated sensitivity to the rewarding properties of
cocaine, perhaps due to long-term alterations in the function-
ing of the mesolimbic DA system, a region implicated in co-
caine reward (1,16,18,37). Alternately, the lack of CPP in
cocaine-exposed offspring may be the result of a learning defi-
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cit, with these animals unable to form the necessary associa-
tions for such conditioning to occur.

The purpose of the present study was to examine further
the effects of gestational exposure to cocaine on the rewarding
properties of cocaine by assessing whether the deficits in CPP
seen in adult exposed offspring would also be evident early in
life. Procedures were modified for testing in infancy by pair-
ing cocaine with a novel odor rather than stimuli associated
with a particular location (as in CPP). Odors are highly salient
stimuli early in life and have previously been shown to support
associative conditioning (17,26,34,36), including cocaine-in-
duced olfactory preferences (28) in infant rat pups. The
cocaine-induced odor preference procedure is analogous to
the CPP paradigm. The acquisition phase can be thought of
in terms of classical conditioning, with the drug serving as the
unconditioned stimulus (US) and the odor as the conditioned
stimulus (CS). After pairing the odor with the drug, the odor
presumably becomes associated with the effects of the drug.
A drug is considered to have rewarding properties if animals
given a previous pairing of the odor and drug spend more
time, during an odor preference test, in the presence of that
odor than control animals that had not received such paired
exposure. Conversely, a reduction in the time spent in the
odor previously paired with the drug relative to control ani-
mals would presumably reflect its aversive qualities.

The model for gestational exposure used in the present
study consisted of the SC administration of 40 mg/kg cocaine
daily from gestational days 8-20. This procedure has been
reported to produce maternal plasma cocaine levels in the
range of or slightly above those reported in human cocaine
users (31) and to induce neurobehavioral alterations in ex-
posed offspring [e.g., (5,12,32)].

METHOD

Subjects, Breeding, and Chronic Drug Treatments

Offspring were generated from Sprague-Dawley rats pur-
chased from Charles River laboratories (Wilmington, MA).
Animals were housed in a temperature- and humidity-
controlled colony room on a 12 L:12 D cycle with the lights
on at 0700 h. All dams were housed in pairs and habituated to
the colony room for 2 weeks after arrival. Prior to the onset
of mating, dams were handled for 5 min daily for 5 days, with
SC injections of 3 cc/kg 0.9% saline being given the last 3
days of handling. Dams were individually housed in hanging
cages prior to mating, with an adult male being placed in each
cage daily at 1700 h and removed the following morning at
approximately 0900 h. Day 1 of gestation (E1) was defined as
the day of detection of a copulatory plug. The dams were
randomly assigned to three treatment groups and individually
housed in Plexiglas breeding cages.

Dams assigned to the cocaine (C40) and lab chow (LC)
treatment groups had ad lib food (powdered lab chow) and
water available throughout the study. A cellulose nutritional
control group (NC) was given ad lib exposure to a diet diluted
with a nondigestible fiber, a procedure recently developed in
our laboratory to match, without explicit food restriction, the
transient reduction in chow intake typically associated with
the onset of cocaine treatment [see (21) for further discussion].
Dams in this NC group received ad lib food (powdered lab
chow) and water from El to E7. On E8, each dam in the NC
group was placed on a diet consisting of 60% powdered lab
chow and 40% cellulose, receiving ad lib access to this diet
and water throughout the remaining gestational period. Pre-

HEYSER ET AL.

liminary work in our laboratory has shown that dams placed
on a diet containing cellulose take 3-4 days to adjust their
intake to counteract for the presence of this nondigestible
fiber, matching the transient reduction in food intake at the
onset of drug treatment typically observed in C40 dams
(12,14). Dams were SC injected daily between 1000 and 1200
h with either 40 mg/kg/3 ml cocaine hydrochioride (C40) or
an equal volume of 0.9% saline (NC) from E8-E20. Injections
were made in a volume of 3 ml/kg in order to minimize co-
caine-induced skin necrosis, and injection sites were varied
daily {see (32)]. Dams in the LC control group were not in-
jected. Daily weights and intake of food and water were re-
corded from E1-E22.

Gestational length was recorded for each gravid dam. On
postnatal day 1 (P1), all pups were weighed and the total
number of pups of each sex recorded. Each litter was culled
to 8-10 pups and fostered to an untreated surrogate dam that
had given birth to a litter within the preceding 24-72 h.

Procedure

A total of 115 animals (C40, n = 40; NC, n = 40; LC,
n = 35) were used in this experiment, with 9-10 pups from
each prenatal treatment group being tested in each of the four
conditioning groups. Only one pup from each litter was as-
signed to any given conditioning group. Training and testing
were conducted by different individuals; both individuals were
unaware of prenatal history and conditioning group assign-
ment.

Conditioning occurred in a plastic cylinder (10 cm in diam-
eter) located in an incubator maintained at 34(+1)°C. On
postnatal day 6 (P6), each pup was removed from the home
cage and placed onto 250 ml of pine shavings scented with 1.0
cc orange odor (Spectrum Chemical, Gardena, CA). After a
5-min exposure to the odor, each pup was given an IP injec-
tion of 0.9% saline (5 cc/kg) and was placed immediately
back onto the orange odor for 25 additional min. On P7, each
pup was removed from the home cage, weighed, and placed
onto 250 ml of pine shavings scented with 1.0 cc lemon odor
(Humco Laboratory, Texarkana, TX). After a 5-min odor
exposure, each pup was given an IP injection of 0 (saline),
2.0, 5.0, or 10.0 mg/kg/5 cc cocaine HCl and placed back in
the lemon odor for an additional 25 min. Upon completion of
the conditioning trial on each day, pups were placed in an
odor-free holding incubator maintained at 34(+1)°C for 1 h
to allow for dissipation of the conditioning odors prior to
being returned to the home cage and colony room.

To avoid a potential confound of drug effects on perfor-
mance, preference testing was conducted 24 h after the second
day of conditioning, with all groups receiving the same odor
preference test between lemon and orange on P8. Testing was
conducted in a (20 X 10 X 9 cm) rectangular chamber, di-
vided into two equal areas by a center line bisecting the long
axis of the apparatus. Under the wire mesh floor on one side
of the apparatus was placed 250 ml of pine shavings scented
with 1 cc orange odor; under the wire mesh on the other side
was placed the same amount of pine shavings scented with 1
cc lemon odor. Each pup was placed on the midline of the
wire grating with the animal’s head oriented directly away or
toward the experimenter, with the orientation varying ran-
domly among animals. The amount of time spent on the
lemon side was recorded for a test duration of 6 min. Al-
though previous work in our laboratory has shown that the
two test odors are approximately equally preferred by infant
rat pups with equivalent or no prior exposure to these odors,
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the odor presentation-to-test interval varied for the two odors
in this experiment (48 h for orange, 24 h for lemon) which
could influence subsequent odor preference. Hence, saline-
saline treated pups from each prenatal treatment group served
as the baseline in the test for odor preference, with cocaine-
induced odor preference being defined as a significant increase
in the time spent in the presence of the odor previously paired
with cocaine relative to baseline values provided by the saline-
saline animals. Defining odor preference relative to the perfor-
mance of control animals is a conservative procedure that has
been frequently employed in ontogenetic classical condition-
ing studies using cocaine (28) and other stimuli [e.g., (34,35)]
as unconditioned stimuli.

RESULTS

Maternal Data

An analysis of variance (ANOVA) performed on percent-
age body weight gain during pregnancy revealed no significant
differences among the prenatal treatment groups (Table 1).
ANOVA also revealed no significant differences in mean daily
food or water intake among prenatal treatment groups (Table
1). Although there was a tendency for a slight reduction in
maternal food intake for the first 2 days of treatment onset at
ES8 for C40 dams (mean + SEM: 18.11 + 1.4) and NC dams
(17.98 + 1.98) when compared with LC dams (24.63 +
1.05), a 2 x 20 (Prenatal Treatment X Days) repeated mea-
sure ANOVA across day using a Geisser Greenhouse conser-

TABLE 1
MATERNAL/LITTER SUMMARY DERIVED FROM LITTER MEANS
C40 NC LC
Percentage gestational 30.08 34.21 33.15
weight gain .77 (2.23) (2.00)
Food intake (g) 26.26 23.63 26.17
(1.53) (1.03) (0.80)
Water intake (ml) 55.28 61.23 54.29
(1.80) (2.46) (2.27)
Gestational length (days) 23.00 23.00 23.10
(0.00) {0.13) (0.10)
Litter size 15.80 15.36 14.10
(0.66) (0.58) (1.19)
Number of male pups in litter 8.20 8.18 7.00
(0.59) (0.58) (1.01)
Number of female pups in litter 7.60 7.00 7.10
(0.52) (0.55) (1.11)
Offspring body weights
Postnatal Day 1 (g)
Males 7.46 6.60 7.50
0.12) 0.22) (0.13)
Females 6.94 6.20 7.05
(0.12) (0.20) 0.22)
Conditioning (P7)
Males 18.10 18.07 18.35
(0.50) (0.33) (0.50)
Females 17.09 17.73 18.07
(0.33) (0.30) (0.42)

SEM indicated in parentheses.
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vative F revealed only a significant main effect of Days for
body weight gain, F(19, 532) = 317.37, p < 0.01 and food
intake, F(19, 532) = 230.91, p < 0.01. Similarly, although
there was a trend for an increase in water intake in NC dams
relative to LC and C40 dams (see Table 1), the repeated mea-
sure ANOVA on these data revealed only a significant main
effect for Days, F(19, 532) = 79.52, p < 0.01 (Table 1). As
can be seen in Table 1, no differences were observed between
the three prenatal treatment groups in gestational length.

Litter Size, Composition, and Offspring Body Weight

A 3 x 2 (Prenatal Treatment X Sex) ANOVA conducted
on the number of male and female pups in each litter failed to
reveal any significant differences (Table 1). However, a 3 X
2 (Prenatal Treatment X Sex) ANOVA performed on litter
means of male and female body weight at P1 revealed a signif-
icant main effect of Sex, F(1, 28) = 93.18, p < 0.01, and
Prenatal Treatment, F(2, 28) = 8.18, p < 0.01. Tukey’s tests
revealed that males weighed significantly more than females
at P1, and NC offspring weighed significantly less than C40
and LC offspring, with the latter two groups not differing
from each other (Table 1). A 3 x 2 (Prenatal Treatment X
Sex) ANOVA conducted on male and female body weights at
the time of conditioning (P7) revealed no significant differ-
ences (Table 1).

Conditioned Odor Preference

No sex differences were revealed in preliminary analysis of
the preference data, so the data were collapsed across this
variable prior to further analysis.

The amount of time spent in the lemon-scented compart-
ment was used as the dependent measure in the analysis of
conditioned odor preference. A 3 X 4 (Prenatal Treatment
x Dose) ANOVA revealed a significant main effect of Pre-
natal Treatment, F(2, 103) = 4.68, p < 0.05, and Dose,
F(3, 103) = 36.86, p < 0.01, along with a significant Prena-
tal Treatment X Dose interaction, F(6, 103) = 3.01, p <
0.01. Tukey’s tests conducted comparing the saline-saline
groups across prenatal treatment revealed no significant dif-
ferences, indicating similar baseline preference for the odors
among the prenatal treatment groups. Dunnett’s tests were
conducted comparing pups from each prenatal treatment
group given the various conditioning doses of cocaine (2.0,
5.0, or 10.0 mg/kg) on P7 to those that received saline. As
can be seen in Fig. 1, LC and NC offspring conditioned with
doses of 2.0, 5.0, or 10.0 mg/kg cocaine spent significantly
more time in the lemon odor than their saline-conditioned
counterparts. In contrast, only C40 offspring conditioned
with doses of 5.0 and 10.0 mg/kg cocaine spent significantly
more time in the presence of the lemon odor than saline-
conditioned C40 pups, with no significant difference observed
between the C40 offspring that received 2.0 mg/kg cocaine
and their saline controls (see Fig. 1).

DISCUSSION

Offspring exposed gestationally to cocaine exhibited a
cocaine-induced odor preference when odors were paired with
doses of 5.0 or 10.0 mg/kg cocaine, but not with a 2.0 mg/kg
dose. In contrast, significant odor preferences were observed
in both LC and NC control offspring at all doses examined.
Thus, infant rats exposed gestationally to cocaine do not ex-
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FIG. 1. Mean time (s) spent on the test day (postnatal day 8) by
animals from each of the prenatal treatment groups in the presence of
the lemon odor following the pairing of this odor with 0 (saline), 2.0,
5.0, and 10.0 mg/kg cocaine. Odor preference was defined as occur-
ring if the animals conditioned with cocaine spent significantly more
time in the drug-paired chamber than animals receiving saline (*p <

0.05 for these comparisons). Error bars indicate SEMs LC
= Nontreated control; NC = Nutritional control; C40 = Cocaine.

hibit a cocaine-induced odor preference at a dose sufficient to
induce a preference in control offspring. This finding in infant
rats is reminiscent of previous findings that adult offspring
exposed gestationally to cocaine did not exhibit a CPP for
cocaine (13).

The three most likely explanations for the lack of condi-
tioned odor preference in C40 offspring following the 2.0 mg/
kg training dose of cocaine are an attenuation in the reward
efficacy of cocaine, a learning deficit, or an alteration in the
pharmacokinetics of cocaine. Perhaps the most intriguing pos-
sibility is that early cocaine exposure may alter the develop-
ment of brain reward systems, resulting in a reduction in the
rewarding properties of cocaine. According to this explana-
tion, C40 offspring may require higher doses to support a
conditioned preference for cocaine than control offspring be-
cause cocaine is less effective as a reinforcer in these offspring.
Given the proposed involvement of the mesolimbic DA system
in the reward mechanisms of cocaine (16,18,37), it is possible
that alterations in dopaminergic functioning induced by gesta-
tional exposure to cocaine (27,33) may attenuate the reward
efficacy of cocaine in these offspring.

A second possibility is that the lack of observed odor pref-
erence may reflect a learning deficit in C40 offspring. Off-
spring exposed prenatally to cocaine have been observed to
exhibit deficits in a number of conditioning tasks early in life,
including deficits in appetitive (32) and aversive (12) classical
conditioning at P7-P8, the same age examined in the present
study. It could be argued that because C40 offspring exhibited
significant conditioning at higher doses of cocaine (5.0 and
10.0 mg/kg), the lack of conditioning at the low dose (2.0
mg/kg) of cocaine is unlikely to reflect a simple condition-
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ing deficit. Yet, the magnitude of conditioning reflects the
amount of associative strength formed between the CS and
US during conditioning, with the amount of associative
strength being a function of US intensity (24). Hence, greater
intensities of the US may increase the magnitude of the condi-
tioning and could serve to overcome deficits in associative
learning evident in C40 offspring at low US intensities. In this
study, a variety of intensities of an appetitive US (i.e., differ-
ent doses of cocaine) were used, whereas cocaine-exposed and
control offspring received training with only a single intensity
of an appetitive (milk) or aversive (footshock) US in previous
studies (12,32). Consequently, it is not yet known whether an
increase in US intensity might be sufficient for the expression
of conditioning in C40 offspring using these other reinforcers.
Because US intensity influences the magnitude of condition-
ing, it is difficult to rule out entirely that a general associative
learning deficit may be responsible for the lack of a condi-
tioned odor preference in C40 offspring following exposure
to 2 mg/kg cocaine during conditioning.

It is also possible that the lack of odor preference in C40
animals conditioned with 2 mg/kg cocaine could be related
to potential alterations in cocaine pharmacokinetics in these
offspring. For instance, if C40 offspring metabolized cocaine
more rapidly than control animals, higher delivered doses of
cocaine might be necessary to support a cocaine-induced odor
preference in these animals. Indeed, increased levels of the
cocaine metabolite benzoylecgonine have been reported in off-
spring prenatally exposed to cocaine when acutely challenged
with cocaine; yet, this effect was evident at P30, but not dur-
ing the preweanling period (P15) (30). However, in previous
work, C40 offspring that did not display cocaine-induced CPP
in adulthood were nevertheless observed to exhibit an effect
of cocaine during conditioning in one aspect of their test be-
havior (chamber entries); these data provide evidence against
a simple pharmacokinetic explanation of the CPP deficit [see
(13)]. To the extent that this CPP deficit for cocaine in adult
C40 offspring reflects a similar phenomenon to the lack of
olfactory conditioning with 2 mg/kg cocaine in infant C40
offspring, a pharmacokinetics explanation of the latter data
would appear unlikely. Further work, however, is needed to
clarify this issue.

Although there was a trend for a reduction in maternal
food intake in C40 dams and their NC counterparts for several
days at the onset of treatment on E8, no significant differences
were found among the three prenatal treatment groups in ma-
ternal weight gain during pregnancy. A similar lack of a
cocaine-induced alteration in weight gain has been occasion-
ally observed using this cocaine treatment protocol (32), al-
though more typically a slight reduction in maternal weight
gain in cocaine-exposed pregnant dams has been seen using
this (5,12,14) and other [e.g., (4)] cocaine treatment regimens.
Thus, it would appear that this dosing regimen is about at
threshold for the production of body weight reductions in the
dams, although the factors leading to the presence or absence
of such weight alterations in specific experiments remains to
be clarified. Despite the lack of differences among the treat-
ment groups in maternal weight gain, NC offspring exhibited
significantly lower body weights than C40 and LC pups at P1,
an effect that was no longer evident by P7. The mechanism
underlying this transient reduction in neonatal body weights
in NC dams whose food intake closely matched that of C40
dams is not clear. Such a reduction was not seen in our initial
study using this NC group (21), and hence further work is
needed to determine the reliability of this effect and to exam-
ine further the appropriateness of this novel nutritional con-
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trol which matches chow intake (but perhaps not water intake)
with that of cocaine-exposed dams without the explicit food
restriction associated with pair-feeding.

Taken together with the lack of cocaine-induced CPP ob-
tained in adult offspring gestationally exposed to cocaine (13),
the results of the present study suggest that offspring exposed
gestationally to cocaine are less likely to develop a preference
for stimuli associated with cocaine. Further studies are needed
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to assess whether this lack of conditioning reflects a change
in the rewarding properties of cocaine, a learning deficit, or
pharmacokinetics factors.
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