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D

 

9

 

-tetrahydrocannabinol facilitates mor-
phine-induced place conditioning in adult male offspring.
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(3) 229–238, 1998.—The
possible existence of an increased susceptibility to the reinforcing properties of morphine was analyzed in male and female
rats born from mothers exposed to 

 

D

 

9

 

-tetrahydrocannabinol (THC, 1, 5, or 20 mg/kg) during gestation and lactation. Mater-
nal exposure to low doses of THC (1 and 5 mg/kg), relevant for human consumption, resulted in an increased response to the
reinforcing effects of a moderate dose of morphine (350 

 

m

 

g/kg), as measured in the place-preference conditioning paradigm
(CPP) in the adult male offspring. These animals also displayed an enhanced exploratory behavior in the defensive with-
drawal test. However, only females born from mothers exposed to THC 1 mg/kg exhibited a small increment in the place con-
ditioning induced by morphine. The possible implication of the hypothalamo–pituitary–adrenal axis (HPA) was analyzed by
monitoring plasma levels of adrenocorticotropic hormone (ACTH) and corticosterone in basal and moderate-stress condi-
tions (after the end of the CPP test). Female offspring perinatally exposed to THC (1 or 5 mg/kg) displayed high basal levels
of corticosterone and a blunted adrenal response to the HPA-activating effects of the CPP test. However, male offspring born
from mothers exposed to THC (1 or 5 mg/kg) displayed the opposite pattern: normal to low basal levels of corticosterone,
and a sharp adrenal response to the CPP challenge. The present study reveals that maternal exposure to low doses of THC re-
sults in an increased sensitivity to the reinforcing effects of morphine in the adult male offspring, and in sexually dimorphic
behavioral and endocrine alterations in the adaptative responses to stressors such as novelty or place-preference testing.
These results support the growing evidence of the importance of monitoring the long-term consequences of maternal con-
sumption of cannabis derivatives. © 1998 Elsevier Science Inc.

 

Rat Cannabinoids Perinatal exposure Morphine Reinforcement Conditioning ACTH Corticosterone

 

ANIMAL models have revealed the existence of long-term
behavioral consequences of maternal exposure to drugs of
abuse during gestation and lactation (30–32,34,50). However,
understanding the real impact of maternal exposure to drugs
of abuse on the development and adult expression of cogni-
tive and behavioral functions in humans is far from being
achieved. In this regard we are just beginning to understand

the nature of the long-term effects of maternal exposure to
cannabis sativa preparations (Hashish, Marijuana), which re-
main the most widely used illicit drugs during pregnancy in
western countries (6,11,35). Cannabinoids can be transferred
from the mother to the offspring through placental blood dur-
ing gestation (16) and through maternal milk during lactation
(19). The presence of psychoactive cannabinoids in the devel-
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oping brain might interfere as epigenetic factors with the rig-
idly ordered temporal sequences of events that occur during
the ontogeny of the central nervous system, leading to the on-
set of neurodevelopmental alterations (27).

An important question on the behavioral teratology of
drugs of abuse is the possible role as a vulnerability factor for
drug-seeking behavior in the adult. Several studies have
shown that maternal exposure to either morphine (12) or psy-
chostimulant (20) resulted in a sensitization to the reinforcing
effects of these compounds in the adult offspring. Because
most drugs of abuse are potent activators of the hypo-
thalamo–pituitary–adrenal axis (HPA), it has been proposed
that maternal stress induced by these drugs might underlie the
behavioral sensitization observed (26,28,43). As suggested re-
cently (7,20), both prenatal stress and prenatal drug exposure
seem to play an important role in the individual predisposi-
tion to psychostimulant self-administration in rodents,
through the induction of long-term changes in the activity of
mesocorticolimbic- projecting dopamine neurons, and HPA
activity in the adult offspring (3). In this regard, there is little
information on the possible long-term vulnerability-inducing
effects of maternal exposure to marijuana or its psychoactive
compounds. Natural cannabinoids, such as 

 

D

 

9

 

-tetrahydrocan-
nabinol, are potent activators of the HPA axis through their
interaction with hypothalamic brain cannabinoid receptors
(35,37,40). Perinatal exposure to cannabinoids might then re-
sult in increased maternal circulating levels of corticosterone
and could interfere with the development of the HPA axis in
the fetuses. The fact that brain cannabinoid receptors are
present early in the development (39), adds another impor-
tant biological substrate for the actions of maternally deliv-
ered cannabinoids on brain development.

The present study was designed to analyze the role of ma-
ternal exposure to THC as a vulnerability factor to opiate re-
inforcement in rats. We have selected morphine as the drug to
be tested because endogenous opioid systems (peptides and
their receptors) have also been found to be altered after ma-
ternal exposure to either stress (18,21) or perinatal canna-
binoid treatments (22). Moreover, it has been recently pro-
posed that the functional status of the HPA axis might be
relevant for opiate-seeking behavior in the rat (45). Addition-
ally, recent findings have revealed the existence of convergent
mechanisms for opiates and cannabinoids in brain areas rele-
vant to reward (35,45), and have linked cannabinoid receptor
gene expression to IV heroin abuse (4). Experiments were
conducted to assess the sensitivity to the reinforcing proper-
ties of a moderate dose of morphine (350 

 

m

 

g/kg, which in-
duces place conditioning only in 50% of the control animals),
in adult offspring born from mothers exposed during gesta-
tion and lactation to several doses of THC closely related to
human consumption. The functional status of the HPA axis
was monitored by measuring plasma levels of ACTH and cor-
ticosterone in basal and moderate stressing conditions (after
the adaptative challenge of the place preference testing). Be-
cause it has been described that the increased sensitivity to
the reinforcing effects of abused drugs is associated to
changes in the pattern of locomotor and exploratory activity
(33), we have also evaluated the behavioral response to nov-
elty in the defensive withdrawal test.

 

METHOD

 

Animals

Morphine dose response. 

 

Fifty male Wistar rats (Panlab,
Barcelona, Spain), weighing 300–400 g, were housed in groups
of four per cage, in a room with controlled photoperiod

(0800–2000 lights on), and temperature (23 

 

6

 

 1

 

8

 

C). They had
free access to standard food and water.

 

Perinatal studies. 

 

Female virgin rats of the Wistar strain
(

 

.

 

8 weeks old; 200–250 g) were housed in a room with con-
trolled photoperiod (lights on: 0800–2000) and temperature
(23 

 

6

 

 1

 

8

 

C). They had free access to standard food (Panlab,
Barcelona) and water. Daily vaginal smears were taken be-
tween 1000–1200 h, and only those animals exhibiting three or
more consistent 4-day estrous cycles were used in this study.
Females in the proestrus phase were allowed to stay with a
male for mating, and a new vaginal smear was taken on the
next day. Those animals showing the presence of sperm cells
were accepted as probably pregnant and used for 

 

D

 

9

 

-tetrahy-
drocannabinol exposure studies. The day on which sperm
plugs were found was designated the first day of gestation. Af-
ter weaning, the animals were separated and housed four to
five animals of the same sex and treatment per cage. One hun-
dred seventy-two animals were used for the behavioral stud-
ies, distributed as follows: vehicle (50 animals), THC 1 mg/kg
(46 animals), THC 5 mg/kg (40 animals), and THC 20 mg/kg
(36 animals). For both place-preference and defensive-with-
drawal studies, two to three male offspring and two to three
female offspring were chosen randomly per litter at adult age
(

 

.

 

70 days). Female rats were studied in the estrous phase of
the cycle. All the procedures were carried out according to
the European Communities Council directive of 24 Novem-
ber 1986 (86/609/EEC) regulating animal research.

 

Experimental Designs

 

In the first experiment, a full dose–response study was per-
formed for evaluating the place conditioning properties of
morphine, under the 3-day schedule of conditioning. Six doses
of morphine were selected (0.062, 0.125, 0.25, 0.5, 1, and 2 mg/
kg). In the second series of experiments, adult animals of both
sexes (

 

.

 

70 days), born from mothers exposed to the different
experimental treatments, were studied in the defensive with-
drawal test under novelty conditions (41). One week after the
testing procedure they were divided into two groups. Rats of
the first group were left undisturbed for 2 additional weeks.
They were killed after habituating the animals to the handling
procedure, and plasma samples were obtained (basal group).
The second group was used for studying the effects of perina-
tal exposure to THC on the reinforcing properties of a moder-
ate dose of morphine (350 

 

m

 

g/kg), which was selected based
on the results obtained in the dose–response experiment.
These animals were killed at the end of the 45-min CPP test,
and plasma samples were collected (place preference group).

 

Drugs and Treatments

Morphine treatment. 

 

Morphine hydrochloride was used for
the place preference studies. It was supplied by Centro Nacio-
nal de Estupefacientes y Psicótropos, prepared daily using
isotonic saline as vehicle, and injected IP at the doses de-
scribed in the experimental designs section, in a volume of 0.3
ml. None of the morphine doses tested induced physical de-
pendence, as evaluated using naloxone (1 mg/kg) after the
3-day conditioning sessions (39).

 

Perinatal THC exposure.  

 

D

 

9

 

-Tetrahydrocannabinol of greater
than 95% purity was provided in an ethanol solution by the
National Institute on Drug Abuse (Project 4886-OB). Imme-
diately before use, the ethanol was evaporated and the resi-
due was emulsified in sesame oil as vehicle. Pregnant females
received a daily single oral dose of THC (1, 5, or 20 mg/kg
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b.wt., given between 1000 and 1200 h) or vehicle in a volume
of 0.1 ml. The treatment started in the fifth day of gestation
and was maintained until the day 24 after birth, the day on
which pups were weaned. The doses of THC chosen were an
extrapolation from current estimates of moderate to heavy
exposure to this compound in humans, and were corrected
considering the differences in route of administration and
body surface area (42). We have previously observed that this
dosage resulted in plasma THC levels within the range of
those reported to cause behavioral and physiological effects in
animal models (29,30,37). To assess the possible toxic effects
of the treatment (2,17) several gestational and lactational pa-
rameters were controlled (31).

 

Behavioral Testing

Conditioning. 

 

Morphine-induced place preference (CPP)
studies were performed as previously described (39) in a
three-arm apparatus similar to that described by Hand et al.
(14). The apparatus consisted of three interconnected rectan-
gular boxes of 40 

 

3

 

 35 

 

3

 

 35 cm situated at 1200 angles from
each other. In the middle there was a triangular area with a
smooth glass floor, from which any of the three compartments
were accessible. Each compartment was equipped with a set
of different sensory stimuli: compartment A was equipped
with a sand floor, plain walls, and a small container with a
drop of 10% acetic acid. Compartment B contained a remov-
able soft plastic floor, walls painted with white dot circles (7.5
cm), and a small container with a drop of anise extract. Fi-
nally, compartment C had a cork floor, alternating white
strips (5 cm wide) painted on the walls, and no odor (a con-
tainer with distilled water). The apparatus was placed in an
isolated room dimly illuminated (110 lx). Each compartment
was equipped with eight photocells that allowed us to monitor
the position of the animal, and to automatically register the
time spent in each compartment. After testing each animal,
the floors were changed and washed to avoid odor cues.

Each CPP experiment consisted of a 5-day schedule, with
three phases: preconditioning, conditioning, and testing. Ani-
mals exhibiting strong unconditioned aversions (

 

,

 

10% of the
session) or preferences (

 

.

 

60% of the session) for any com-
partment during the 45-min preconditioning session were dis-
carded for the conditioning procedures. Those two compart-
ments to which the animals exhibited the most similar time of
preference were randomly assigned for the conditioning pro-
cedure. This consisted of a 3-day schedule of double condi-
tioning sessions. The first day involved a morning session
(0900–1300 h) in which animals received a single dose of mor-
phine (a full dose response (Experiment 1) or 350 

 

m

 

g/kg, in
THC-exposed animals, IP) and were immediately placed in
one of the compartments. During this 30-min conditioning
sessions, the animals were not allowed to explore the other
compartments of the apparatus. In the evening session (1600–
1900) the animals received a single IP injection of saline, and
were placed for 30 min. in the other compartment chosen for
conditioning. On the second day of conditioning the rats re-
ceived the saline injections in the morning session and the
drug administration in the evening session. The third day of
conditioning had the same schedule as the first one. We have
chosen this schedule to avoid circadian variability (morning/
evening), based on preliminary studies in our laboratory. Af-
ter three days of conditioning, the animals were allowed again
to freely explore the three compartments, exactly as in the
preconditioning phase (testing session). The absolute time
spent in each compartment was automatically registered and
used for the evaluation of the CPP.

 

Defensive withdrawal. 

 

The defensive withdrawal test was
conducted as previously described (41). The apparatus con-
sisted of an opaque open field (100 

 

3

 

 100 

 

3

 

 40 cm), the floor
of which was marked with 20 

 

3

 

 20 cm squares. The field con-
tained a cylindrical polyethylene chamber measuring 17 cm
deep and 10 cm in diameter. The chamber was opened at one
end and situated alongside the wall running lengthside and 20
cm away from a corner of the open field. The open field was
illuminated using a 500-W ceiling halogen light that was regu-
lated to yield 350 lx at the center of the open field. Testing
was conducted only under novelty conditions, without a previ-
ous habituation to the open field (41). The rats were placed
inside the chamber, in the open field, and the following be-
haviors were scored by trained observers, who were blind to
experimental conditions: the latency to leave the chamber
(emergence latency), defined as placement of all four paws in
the open field; the total time spent in the chamber; the mean
time spent in the chamber (i.e., the total time spent in the
chamber divided by the total number of entries); motor activ-
ity, defined as the total number of lines on the floor of the
open field crossed outside the chamber (crossings); and the
number of rears performed outside the chamber. The test
length was 15 min. After testing each animal, the apparatus
was cleaned with a weak acid solution (1% acetic acid), to
prevent olfactory cues from affecting the behavior of subse-
quently tested rats.

 

Hormonal Determinations

 

Rats were killed by rapid decapitation using a guillotine.
Trunk blood was collected in tubes containing 400 

 

m

 

l of 6%
EDTA, and centrifuged at 2500 

 

3

 

 g at 4

 

8

 

C. Plasma was stored
frozen at 

 

2

 

20

 

8

 

C until assayed. Plasma corticosterone levels
were measured by a radioimmunoassay system (RIA), using a
specific rabbit policlonal antibody commercially available
from Bio Clin (Cardiff, UK). This RIA system yields basal
values of corticosterone of 175 

 

6

 

 25 ng/ml in undisturbed
adult male animals, and 500 

 

6

 

 70 ng/ml in stressed animals
(41). The intraassay variability of the method was 15.3%, and
the detection limit was 62 pg/ml. Plasma ACTH levels were
measured using a commercial kit (CIS-Biointernational, Gif-
Sur-Yvette, France), as previously described (40). The intra-
assay coefficient of variation was 5%, and the sensitivity was
10 pg/ml. All samples were measured in the same assay to
avoid interassay variations.

 

Statistics

 

Two levels of analysis were performed in the present
study. Data from individual animals were assessed by multi-
factorial analysis of variance, as required. Following a signifi-
cant 

 

F-

 

value, post hoc analysis (Newman–Keuls) were per-
formed for assessing specific group comparisons. Litter
analysis was performed following Holson and Pearce’s (15)
suggestions to asses the presence of litter effects. To this end,
ANOVA analysis were performed using the mean litter value
observed as the unit for analysis. All calculations were per-
formed using the statistical package BMDP. Data were con-
sidered statistically significant if 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

Morphine Dose–Response Analysis

 

Figure 1 displays the changes in preference to the mor-
phine compartment as a function of conditioning dose. Mor-
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phine produced a dose-dependent marked place preference
for stimuli associated with its administration, 

 

F

 

(6, 48) 

 

5

 

 8.89,

 

p

 

 

 

,

 

 0.05. Post hoc analysis revealed that the effect was
present starting at the 500 

 

m

 

g/kg dose (

 

p

 

 

 

,

 

 0.05, Newman–
Keuls). Based on this data, a morphine dose of 350 

 

m

 

g/kg was
selected for the conditioning studies after perinatal THC. This
dose induced conditioning in 50% of the control animals, as
revealed in a preliminary experiment, previously published (43).

 

Effects of Perinatal Exposure to THC on Several Gestational 
and Lactational Parameters

 

To assess the possible toxic and nutritional effects of THC
administration (2,17), we recorded several parameters
throughout the gestation and lactation [Table 1; (32)]. Our re-
sults showed that treatment with 20 mg/kg THC reduced ma-
ternal food intake during the first (simple effect of dose, 

 

F

 

(3,
12 

 

5

 

 7.4, 

 

p

 

 

 

,

 

 0.05, and second, 

 

F

 

(3, 12) 

 

5

 

 8.7, 

 

p

 

 

 

,

 

 0.05, days
of treatment, disappearing thereafter. Moreover, overall
ANOVA analysis did not result in differences in maternal
food intake throughout the entire gestation, 

 

F

 

(3, 12) 

 

5

 

 1.2,

 

p

 

 

 

5

 

 0.35, NS). Mothers exposed to 1 mg/kg THC drank more
water during gestation, 

 

F

 

(3, 12) 

 

5

 

 4.6, 

 

p

 

 

 

,

 

 0.05, although this
effect disappeared during the lactational period. Perinatal
THC exposure did not result in differences either in maternal
weight gain, or in the size and weight of the litters. Weight
gain of the offspring, measured at postnatal days 10, 15, 20, 30,
and 40 was equal in all the experimental groups (data not
shown).

 

Effects of Maternal Exposure to THC on Morphine Place 
Preference in Adult Offspring

 

Maternal exposure to 1 and 5 mg/kg THC resulted in an
enhanced sensitivity to the reinforcing properties of morphine
350 

 

m

 

g/kg displayed by the adult offspring, as measured in the
place-preference paradigm, 

 

F

 

(1, 62) 

 

5

 

 12.72, 

 

p

 

 

 

,

 

 0.05, Fig. 2A
and B). This effect appeared as a clear interaction between
the absolute time spent in the morphine compartment and the
maternal treatment group, the results of which male, 

 

F

 

(3, 62) 

 

5

 

3.07, 

 

p

 

 

 

,

 

 0.05, and female offspring, 

 

F

 

(3, 33) 

 

5

 

 3.21, 

 

p

 

 

 

,

 

 0.05,
spent more time in morphine-paired compartment than in a
saline-paired one. This effect was significant in male offspring
from the 1 mg/kg and 5 mg/kg THC groups and in female off-
spring from mothers exposed to 1 mg/kg THC. Neither control
offspring nor those born from mothers exposed to 20 mg/kg

FIG. 1. Place conditioning produced by several doses of morphine
given IP to male rats in a 3-day schedule of conditioning. Ordinates
are means 6 SEM of the difference between the time spent the day of
testing and the time spent on preconditioning session. *p , 0.05 vs.
vehicle-treated animals.

 

TABLE 1

 

PARAMETERS MEASURED DURING PERINATAL EXPOSURE TO

 

D

 

9-

 

-THC. VALUES
ARE MEANS

 

6 

 

SEM OF SELECTED GESTATIONAL AND LACTATIONAL VARIABLES

Mother Treatment

Parameters Vehicle TCH 1 (mg/kg) THC 5 (mg/Kg) THC 20 (mg/kg)

 

Mother food intake (g)†
Gestation 24.1 

 

6 

 

0.5 25.5 

 

6 

 

0.6 23.9 

 

6

 

 0.8 22.9 

 

6 

 

1.4
Lactation 38.9 

 

6

 

 4.7 38.5

 

 6

 

 3.1 37.6 

 

6 

 

3.9 39.6 

 

6

 

 5.8
Mother water intake (ml)†

Gestation 34.9 

 

6

 

 1.5 42.4

 

 6

 

 1.3* 40.2 

 

6

 

 1.4 37.3

 

 6

 

 1.5
Lactation 57.5 

 

6

 

 6.3 58.6 

 

6

 

 5.4 56.7 

 

6 

 

5.5 57.3 

 

6

 

 7.8
Mother weight gain (g)‡ 107.7 

 

6 

 

4.4 107.2 

 

6 

 

11.9 92.7 

 

6 

 

14.2 98.6 

 

6

 

 6.9
Gestational length (days) 22.7

 

 6

 

 0.2 23.2 

 

6

 

 0.2 23.3 

 

6

 

 0.3 23.3 

 

6

 

 0.3
Litter size 12.5 

 

6

 

 1.0 11.5 

 

6

 

 1.8 10.0 

 

6

 

 2.0 12.3 

 

6

 

 0.8
Litter weight 97.0 

 

6

 

 3.0 89.3 

 

6 12.3 89.3 6 12.3 88.3 6 5.0
Number of males 6.5 6 0.6 7.8 6 1.2 4.3 6 2.3 6.7 6 2.0
Number of females 5.8 6 1.0 3.8 6 0.4 5.7 6 1.4 5.7 6 1.2
Sex ratio (males/females) 1.3 6 0.3 2.2 6 0.3 1.1 6 0.6 1.4 6 0.6
Postnatal mortality 0.2 6 0.2 0.5 6 0.5 0 6 0 0 6 0

*p , 0.06, Student–Newman–Keul’s
†Average value per day.
‡Difference between the weight in the day before delivery and the weight before mating.
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THC exhibited a clear preference for the morphine-paired
compartment when compared to the saline-paired one. The
same effects appeared when the analysis was done using the
change of preference (Fig. 4A and B), a more sensitive mea-
sure of place preference, as suggested by Hand et al. (14).
Male offspring exposed to 1 and 5 mg/kg THC displayed an
increased preference for morphine-paired compartment [in-
teraction treatment 3 compartment, F(3, 124) 5 5.6, p , 0.05,
with a clear sexually dimorphic distribution of the effects on
both saline and morphine compartments, F(1, 124) 5 10.2, p ,
0.05]. Post hoc analysis (Newman–Keuls) revealed that male
offspring exposed perinatally to 1 and 5 mg/kg THC displayed
a higher change of preference to the morphine-paired com-
partment when compared to female offsprings of the same
treatment groups. To discard underlying alterations in sponta-
neous locomotor activity, an additional experiment was per-
formed to evaluate locomotor activity in animals habituated
to the CPP-maze compartments, but which were not previ-
ously conditioned with morphine or saline injections. Data
reflected that under these conditions, spontaneous horizontal
locomotor activity was similar in all the different groups. Data
expressed as photocell beam breaks were: 1—(Oil): males
179 6 7.7, females 164 6 26.4; 2—(1 mg/kg THC): males 162 6
18.4, females 194.5 6 18.4; 3—(5 mg/kg THC): males 148 6
14.6, females 216.3 6 16.4; 4—(20 mg/kg THC): males 169 6
14.3, females 200.1 6 17.7.

Effects of Exposure to THC on the Performance of Adult 
Offspring in the Defensive Withdrawal Test Under Novelty 
Conditions (Fig. 3A and B)

The pattern of behavior displayed in the defensive-with-
drawal test was clearly sexually dimorphic, as reflected in the
several parameters scored: female animals emerge before
males, F(1, 81) 5 23.9, p , 0.05, they remained in the tube for
less time, F(1, 81) 5 29.7, p , 0.05, and they exhibited higher
motor activity scores than males for crossings, F(1, 81) 5 69.2,
p , 0.05, and for rearings, F(1, 81) 5 39.7, p , 0.05, data not
shown. Maternal exposure to 1 or 5 mg/kg THC, but not 20
mg/kg THC, resulted in a decreased emergence latency in
male offspring [sex 3 treatment interaction, F(3, 81) 5 3.01,
p , 0.05]. Male offspring of the 1 mg/kg THC group remained
inside the tube for a less time (425 6 76.9 s vs. 660.5 6 67.4 s)
and exhibited a lower mean time spent in the small chamber

FIG. 3. Effects of maternal exposure to THC on the exploratory
behavior displayed in the defensive withdrawal test under novelty
conditions by males (A) and females (B) animals born from
mothers exposed to different doses of THC. Numbers in columns
indicate the animals tested in each experimental group. *p , 0.05
vs. the control group.

FIG. 2. Absolute time spent in the different compartments dur-
ing the testing session of the morphine-induced place preference
study by males (A) and females (B) animals born from mothers
exposed to different doses of THC. Numbers in columns indicate
the animals tested in each experimental group. **p , 0.005, *p ,
0.05 morphine vs. the saline compartment.
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when compared to control animals (412.7 6 102.7 s vs. 162.5 6
81.6 s). A significant sex 3 treatment interaction was observed
also in both, the number of crossings, F(3, 81) 5 4.72, p , 0.05,
and rearings, F(3, 81) 5 4.2, p , 0.05, scored during the test.

Effects of Maternal Exposure to THC on Plasma ACTH and 
Corticosterone After Morphine Place Preference

Maternal exposure to THC resulted in alterations in the
pattern of ACTH secretion in both basal conditions and after
the end of the CPP test (Fig. 5A and B). Plasma ACTH were
sexually dimorphic, F(1, 149) 5 3.85, p , 0.05, and rose
clearly after the CPP test, F(1, 149) 5 52.05, p , 0.05. There
was a clear interaction between maternal treatment and con-
dition [basal or after CPP test, F(1, 149) 5 8.9, p , 0.05], in
which the group exposed to 1 mg/kg THC did not exhibit the
increase in ACTH as a result of the exposure to the CPP test.
There was no interaction between the sex and treatment fac-
tors, F(1, 149) 5 0.06, p 5 0.80, NS). Basal corticosterone lev-
els (Fig. 6A and B) were also sexually dimorphic, F(1, 83) 5
12.03, p , 0.05, and they were clearly affected by maternal ex-
posure to THC [sex 3 treatment interaction, F(1, 83) 5 7.66,
p , 0.05]. Maternal exposure to THC resulted in high basal
corticosterone levels in female offspring, and reduced basal
levels of this steroid in male offspring of the 1 mg/kg THC
group. The exposure to the place-preference test increased
the levels of this adrenal steroid [test effect, F(1, 141) 5 10.2,
p , 0.05]. This response was also sexually dimorphic, F(1,

141) 5 15.03, p , 0.05, and exhibited a sex 3 treatment inter-
action, F(1, 141) 5 4.95, p , 0.05. Thus, males exhibited a
marked corticosterone response following the conditioning
test, which was not observed in the female offspring exposed
to 1 mg/kg THC. Regression analysis revealed that change of
preference correlates positively with plasma corticosterone
levels in males of the 1 mg/kg THC groups, F(1, 8) 5 6.75, p ,
0.04, r 5 0.49. This positive correlation was not observed in
the remaining experimental groups. Interestingly, the ratio
[corticosterone levels (CPP groups)]/[Average basal corticos-
terone levels], displayed a marked sexual dimorphism, F(1,
62) 5 16.7, p , 0.05, showing a clear effect of maternal treat-
ment, F(3, 62) 5 6.8, p , 0.05, and a marked sex 3 treatment
interaction, F(3, 62) 5 12.85, p , 0.05, which revealed again
that male offspring from mothers exposed to 1 mg/kg THC
displayed a higher increase in corticosterone levels as result of
the exposure to the CPP test. (Average corticosterone change
in % over basal levels was: 1—(Oil): males 151%, females
155%; 2—(1 mg/kg THC): males 405%, females 88%; 3—(5
mg/kg THC): males 140%, females 73%; 4—(20 mg/kg THC):
males 140%, females 156%).

Litter Analysis of the Effects of Perinatal Exposure to THC

Litter analysis showed that in male rats, perinatal exposure
to 1 or 5 mg/kg THC resulted in a significant decrease in the

FIG. 4. Effects of maternal exposure to THC on the change of pref-
erence to either the saline-paired or the morphine-paired compart-
ment after conditioning with morphine by males (A) and females (B)
animals born from mothers exposed to different doses of THC. Num-
bers in columns indicate the animals tested in each experimental
group. **p , 0.005, *p , 0.05 vs. the control group.

FIG. 5. Effects of maternal exposure to THC on plasma ACTH lev-
els in males (A) and females (B) animals born from mothers exposed
to different doses of THC. Two different groups were analyzed:
undisturbed adult offspring (basal) and animals exposed to the place
conditioning (place preference). Numbers in columns indicate the ani-
mals tested in each experimental group. *p , 0.05 vs. the control
group; #p , 0.05, place preference vs. basal treatment.
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emergence latency and in a tendency to exhibit a decrement
in the total time spent in the compartment of the defensive
withdrawal test, F(3, 22) 5 3.91, p , 0.05, and F(3, 22) 5 2.52,
p , 0.08, respectively. There was a marked sexual dimor-
phism in the performance of this test, as described above, and
perinatal THC exposure failed to induce alterations in female
offspring. The effects of perinatal treatment with 1 mg/kg
THC on morphine-induced change of place preference were
present when the mean litter value was considered as the unit
for analysis, F(3, 19) 5 3.8, p , 0.05. These effects were again
sexually dimorphic, F(1, 9) 5 8.7, p , 0.05, and were signifi-
cant in males exposed to 1 mg/kg THC. ACTH analysis re-
vealed again the presence of increased plasma ACTH levels
as result of the place-preference testing, F(1, 44) 5 35.7, p ,
0.05. There was a significant test 3 treatment interaction, F(3,
44) 5 5.4, p , 0.05, revealing a disrupting effect of maternal
exposure to 1 mg/kg THC in the pattern of ACTH levels dis-
played by both the basal and place-preference group. Litter
analysis confirmed the sexually dimorphic effects of maternal
THC exposure on basal corticosterone levels (sex 3 treat-
ment interaction, F(3, 22) 5 4.3, p , 0.05, and the different re-
sponse to the CPP test, F(3, 44) 5 3.8, p , 0.05, in males and
females as result of the exposure to THC.

DISCUSSION

The present study reveals that maternal exposure to the
natural cannabinoid THC results in an altered sensitivity to
the reinforcing properties of a moderate dose of morphine in

the adult offspring, as measured in the conditioned place-
preference paradigm. This sensitivity was greater in animals
exposed to low doses of this cannabinoid (1 and 5 mg/kg) and
exhibited a sexual dimorphism. A similar finding has been re-
cently reported using morphine self-administration (24). The
place conditioning induced by morphine 350 —g/kg in male
offspring perinatally exposed to 1 mg/kg THC was similar to
that obtained in control animals using doses three to six times
greater (see Figs. 1 and 4A). These effects were associated
with sexually dimorphic changes in the pattern of exploratory
behaviors under novelty conditions, as evaluated in the defen-
sive withdrawal test. Because the spontaneous horizontal lo-
comotor activity displayed by habituated animals was similar
in all groups, we can exclude a motor impairment as an under-
lying factor for the differences found in the conditioning prop-
erties of morphine. Additionally, clear sexually dimorphic al-
terations of the activity of the hypothalamo–pituitary–adrenal
axis were observed: female offspring perinatally exposed to
THC (1 or 5 mg/kg) displayed high basal levels of corticoster-
one and a blunted adrenal response to the HPA-activating ef-
fects of the place-preference test. However, male offspring
born from mothers exposed to THC (1 or 5 mg/kg) displayed
the opposite pattern: normal to low basal levels of corticoster-
one, and an enhanced adrenal response to the CPP challenge.
The results observed in males are consistent with previous
findings, which reflect that early life experiences, like prenatal
stress or perinatal exposure to morphine or psychostimulant,
might be a vulnerability factor for drug abuse (7,12,20,23).

The pattern of behavioral and endocrine responses found
in male offspring of mothers exposed to 1 mg/kg THC par-
tially resembles that described in adult animals predisposed to
develop psychostimulant self-administration: increased be-
havioral responses to novelty, and a sharp adrenal response to
adaptative challenges (33). Male animals born from mothers
exposed to 1 or 5 mg/kg THC exhibited an increase in both
exploratory and locomotor activities in response to the expo-
sure to novelty (defensive-withdrawal test). However, adult
male animals exposed to low doses of THC displayed an op-
posite pattern, and increased their rate of exploration, indicat-
ing a lower anxiety state. In these animals, the response to the
CPP test was shifted to exhibit both an increased sensitivity to
the reinforcing properties of a ED50 dose of morphine (result-
ing in close to a 100% positive change of preference in perina-
tal-exposed animals), and a clear rise in plasma corticosterone
levels, which were positively correlated. Although the ACTH
levels are reduced in these animals, it is possible that this find-
ing may reflect an alteration of hypothalamic mechanisms in-
volved in corticosterone-mediated feedback regulation of
ACTH secretion, as previously suggested (23). This differen-
tial regulation of the activity of the HPA axis has also been
found to be a relevant factor in the vulnerability for develop-
ing amphetamine self-administration (23). At the present mo-
ment we do not know the time course of the HPA response in
the animals perinatally exposed to cannabinoids. However,
the enhanced behavioral response to novelty, the higher reac-
tivity of the HPA axis, and the increased sensitivity to mor-
phine are consistent with this previously proposed model of
vulnerability to drugs of abuse in male rats (33).

Several mechanisms have been proposed in the elicitation
of the behavioral effects of perinatal cannabinoid exposure
[for review, see (9)]. They include changes in opioid peptides
and their receptors (22), prenatal stress-like effects (43), direct
effects on developing monoaminergic systems (1,32,36,48), or
the activation of brain cannabinoid receptors that are present
at birth (38). Besides the previously described actions of can-

FIG. 6. Effects of maternal exposure to THC on plasma corticoster-
one levels in males (A) and females (B) animals born from mothers
exposed to different doses of THC. Two different groups were ana-
lyzed: undisturbed adult offspring (basal) and animals exposed to the
place conditioning (place preference). Numbers in columns indicate
the animals tested in each experimental group. *p , 0.05 vs. the con-
trol group; #p , 0.05, place preference vs. the basal treatment.
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nabinoids on the developmental profile of dopaminergic cells,
a possible cannabinoid-induced developmental alteration in
opioid peptides and their receptors must be considered as a
factor underlying the increased sensitivity to morphine-in-
duced place preference. It has been previously described that
perinatal cannabinoid exposure is able 1) to alter the develop-
mental expression of opioid peptides in the rat brain (22), and
2) to induce changes in opioid-related behaviors (47). For ex-
ample, naloxone (5 mg/kg)-induced opioid-like abstinence
syndrome in weanling males exposed to the cannabinoid, and
developmental alterations in both pain sensitivity and the an-
algetic properties of morphine. The sexually dimorphic nature
of the behavioral and endocrine alterations associated to early
cannabinoid exposure is a common finding in perinatal can-
nabinoid studies (5,9,31,36), and in the present study might be
reflecting the sex-dependent developmental profile of both,
opioid receptors (13), and cannabinoid receptors (38) in rat brain.

An additional explanation for the effects described after
perinatal THC might be a possible cannabinoid-induced
stress-like effects, which might contribute to both the disrup-
tion of the behavioral responses to novelty and to a possible
sensitization to the rewarding properties of morphine, as pre-
viously described for psychostimulant (7). This prenatal
stress-like effect might occur through a THC-induced activa-
tion of the maternal HPA axis, resulting in a rise of plasma
corticosterone levels in the fetuses, which are dependent on
maternal levels (49). However, this possibility remains to be
conclusively determined. A recent study (25) has described
that maternal-restraint stress resulted in a permanent increase
in basal corticosterone levels in the adult female offspring,
which is exactly the same finding that we have observed after
perinatal exposure to THC, and which has been found also af-
ter perinatal exposure to alcohol in rats (46). In any case, the
effects of perinatal THC on morphine sensitivity and HPA ac-
tivity might be independent under most circumstances except
for male animals exposed to the lower dose of THC. This in-
dependent effect is particularly relevant if we consider the
lack of correlation between a morphine-induced change of
preference and HPA responses in female rats of the 1 mg/kg
THC group. It remains to be determined whether the associa-
tion between morphine reinforcement and HPA activity is
sexually dimorphic in naive animals, particularly because the
studies that have set a role for glucocorticoid on opiate rein-
forcement (44) have been performed only in males. Other
gender-related findings arose from the present study: male
rats born from mothers exposed to THC (1 or 5 mg/kg) dis-
played a greater exploratory behavior in the defensive-with-
drawal paradigm, which might be considered as resembling a
female pattern of behavior. However, they displayed a greater
sensitivity to the reinforcing properties of morphine than did
females from the same experimental groups. In addition, al-
though females showed also an altered response to morphine,
when compared to controls, they did not display an enhanced
adrenal response to the CPP testing, but exhibited perma-

nently elevated basal levels of corticosterone. These data sug-
gest that perinatal THC resulted neither in a feminization nor
in a masculinization of the behavioral and endocrine parame-
ters studied. We might conclude from these findings that the
proposed role of the HPA in the vulnerability to opiate rein-
forcement is sexually dimorphic, and that differential mecha-
nisms might be underlying this response in both sexes.

The surprisingly efficacy of the low doses of THC for elicit-
ing long-term behavioral alterations might be related to the
well-documented biphasic actions of THC (8), which com-
monly induces opposing actions at low doses (0.2–2.0 mg/kg)
when compared to higher ones (5–50 mg/kg). This has also
been observed using anandamide, the proposed endogenous
ligand for the brain cannabinoid receptor (10). In any case, we
observed that offspring of female rats exposed to 20 mg/kg
THC, a dose 10–20-fold times higher than that estimated for
human consumption of two to three marijuana cigarettes per
day (42), did not exhibit either the increased sensitivity to the
reinforcing properties of morphine or the altered response to
novelty. However, they did have alterations in locomotor ac-
tivity (data not shown). Moreover, we have previously de-
scribed that perinatal exposure to a hashish crude extract (at a
dose containing 20 mg/kg THC) induced motor disturbances
and altered the behavioral pattern in both the social interac-
tion test and the sociosexual approach test (32). Regardless of
the lack of effects observed in the CPP paradigm, it is impor-
tant to remark that other mechanisms, such as alterations in
the ontogeny of cannabinoid receptors, nutritional deficits, or
other adaptative processes, might preclude the appearance of
the effects observed with the lower doses.

In summary, perinatal exposure to THC doses related to
human consumption produced a clear shift in the sensitivity to
the reinforcing properties of morphine in male offspring, indi-
cating that maternal exposure to cannabis derivatives might
be considered as a possible vulnerability factor in drug abuse.
These results support the growing evidence of the importance
of monitoring the long-term behavioral consequences of ma-
ternal consumption of marijuana.
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