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KESHET, G. I. AND M. WEINSTOCK. Maternal naltrexone prevents morphological and behavioral alterations induced
in rats by prenatal stress. PHARMACOL BIOCHEM BEHAV 50(3) 413-419, 1995.—The influence of opioid receptor
blockade on the developmental and behavioral effects of prenatal stress was studied. Time-mated dams were implanted with
minipumps on day 17 of gestation containing vehicle (V) or naltrexone (NTX, 10 mg/kg/day). Noise and light stress was
applied on an unpredictable basis, three times a week throughout gestation to half the dams. Maternal NTX completely
prevented the reduction in anogenital distance in prenatally stressed (PS) males and restored the growth rate of both sexes.
NTX also decreased the anxiety of PS rats in the plus-maze, increased the opioid component of exploration to control levels,
but increased anxiety in control males. NTX did not restore the lower saccharin preference in PS females and decreased it in
C females. This suggests that some morphological and behavioral changes induced by prenatal stress could result from excess

opioid activity induced by maternal stress.
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SEVERAL studies have shown that prenatal stress (PS) or the
administration of alcohol to the pregnant dam can produce
alterations in the opioidergic system of the offspring. These
alterations include an increase in the levels of methionine-en-
kephalin and $8-endorphin in the hypothalamus (22) or mid-
and hindbrain (25) of the newborn rat, and a decrease in
u-opiate receptors in the striatum and nucleus accumbens of
the adult rat (11). The maternal stressors also interfere with
the normal expression of opioid-dependent behaviors (14,27),
such as ultrasonic vocalizations that are induced by maternal
separation (13) and saccharin (sweet) preference. Both these
behaviors are increased by opiate drugs (3) and decreased by
naloxone in control rats (17). Saccharin preference is a sexu-
ally dimorphic behavior that is significantly higher in females
than in males (29). This sex difference is lost in the offspring
of stressed (15) or alcohol-fed dams (18) because the prefer-
ence is decreased in females and increased in males. The opi-
oid component of exploratory behavior in various forms of
novel and stressful environments is also reduced in females by
prenatal stress (15).

The reason for the interference with opioid systems by

! To whom requests for reprints should be addressed.

413

gestational stressors is not clear, but could result from an
action of maternal hormones, ACTH, corticosterone, or f-
endorphin, which are released in response to the stress (9) and
can reach the fetal brain (23). Several independent observa-
tions suggest that excess opioid activity occurring in the dam
and fetus may explain some of the behavioral abnormalities
induced by maternal stress. These include the finding that
injection of opiates or 8-endorphin to the pregnant dam can
induce similar changes in early development (12), behavior
(39), the levels of opioid peptides (2) and their receptors (28),
to those seen after maternal stress or alcohol. Prenatal stress
(32) or opiate administration (34) also produce demasculiniza-
tion and feminization of sexual behavior in the male off-
spring. Moreover, three times a day injections of naltrexone
to the stressed dam could prevent this alteration of sexual
behavior (33).

In previous studies we have shown that maternal stress in
the form of noise only produced alterations in offspring be-
havior and development if it was administered in an unpredict-
able manner, which prevented the dam from adapting to it
(37). Others obtained changes in offspring behavior and devel-
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opment with a much more severe stress, such as restraint with
heat and light that was administered on a regular daily basis,
because the pregnant dam did not adapt to this stressor as seen
by the levels of plasma corticosterone that remained high until
parturition (35).

The aim of the present study was to determine whether
maternal administration of naltrexone (NTX) could prevent
the loss of other opioid-dependent behaviors in the offspring
of dams subjected to the unpredictable noise stress. The effect
of this antagonist or naloxone on the developing organism was
shown to depend on the duration of opiate receptor blockade
(30,40). Furthermore, the three times a day maternal injection
regime used in the study of Ward et al. (33) is itself stressful
and can alter the behavior and reactivity of the HPA system
in the offspring (21). NTX was chosen because of its longer
duration of action and it was given via osmotic minipumps,
which were implanted in the dam on day 17 of gestation. At
this time opioid peptides and u receptors are present in the
fetus (5). We took care to establish that the amount of naltrex-
one released in the dam was sufficient to block opiate recep-
tors throughout the last week of gestation after only one im-
plantation because we wished to avoid the stress of a second
operation.

METHOD
Subjects

Virgin female Sprague-Dawley rats obtained from Harlan
Sprague-Dawley (Indianapolis, IN) were housed four to a
cage on a 12L : 12D cycle and controlled temperature (22 +
1°C). Food and water were provided ad lib.

Verification of NTX Dose

Experiments were performed in 24 female rats, weighing
234 + 4 g, implanted subcutaneously (SC) (see below) with
osmotic minipumps containing either vehicle, ascorbic acid
(V, 16 rats), or NTX plus ascorbic acid (eight rats), each re-
leased at a rate of 10 mg/kg/day, to verify that this amount
produced continuous blockade of opiate receptors for 7 days.
Three days after surgery, four NTX rats and eight V rats were
transferred to the test room in which four animals of each
group were injected intramuscularly (IM) with morphine 5
mg/kg and the remaining four rats of the V group were given
saline (1 ml/kg, IM). Latency of hind paw lick was measured
30 min after injection by a modification of the method de-
scribed by Weinstock (36), adapted for use with rats. The
hot plate was made of copper and was maintained at 55°C,
surrounded by a Plexiglas chimney, 40 cm high. The rat was
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confined to the surface of the hot plate by clear Plexiglas walls
20 x 20 x 36 cm high for a maximum time of 30 s. The
apparatus was cleaned with water between each test. The ex-
periment was repeated 7 days after surgery in all groups.

Maternal Treatment

Virgin females were mated with a stud male. When a lordo-
sis response was seen, the pair was left overnight and sepa-
rated on the following day, which was designated day 1 of
pregnancy. Forty pregnant dams were randomly allocated to
“stress” and “control” groups and housed singly in small
acrylic cages (22 x 17 x 13 cm), maintained at an ambient
temperature of 22 + 1°C, on a 12-h light cycle (lights on at
0700 h), with free access to food and water. Twenty stressed
dams were housed in a special acoustic chamber, having the
same temperature, light cycle, and humidity, but in which the
noise (bell, 90-95 dB) and flashing light stress was applied on
a random basis, three times weekly from day 2 of gestation,
as previously described (8). None of the dams were handled,
except for routine cage cleaning. On day 17 of pregnancy, the
dams was anesthesized with halothane and implanted SC with
minipumps containing either vehicle or NTX (10/group/treat-
ment). One day before parturition (day 22 of pregnancy) all
the dams were transferred to plastic breeding cages (37 X
21.5 x 18 cm) and housed in the same room as control dams.

Litters

Litters were culled to eight pups within 24 h of birth, with
equal numbers of males and females whenever possible. A
litter that was smaller than eight pups was excluded from the
experiment. Anogenital distance and body weight were mea-
sured. The anogenital distance of each male was divided by
the body weight and expressed as the average value per litter.
The mean value for each maternal treatment group was com-
puted from these litter means. Because of the number of ex-
perimental groups, the pups were all raised by their biological
mothers, a cross-fostering design would have been too compli-
cated both to execute and to evaluate. In a previous study in
which prenatally stresssed pups were cross-fostered onto con-
trol dams and vice versa, we found that the delays in early
motor development were mainly due to the prenatal treatment
(7). The pups were weaned at 21 days of age and housed in
groups of four by litter and sex. To reduce litter effects, not
more than two pups of each sex from each litter were used in
any one postnatal test. All experiments were performed on
control (C) and prenatally stressed (S) offspring, aged 60-70
days, in a room in the animal house that was maintained
under the same conditions of temperature, light cycle, and

TABLE 1

COMPOSITION OF GROUPS OF OFFSPRING FOR THE PLUS-MAZE TEST
Maternal Treatment Offspring Treatment Group Sex (No.)
Control, vehicle Saline, 1 mi/kg C-V-sal Male (9), female (9)
Control, vehicle Naloxone, 1 mg/kg C-V-nal Male (9), female (8)
Control, naltrexone Saline, 1 ml/kg C-NTX-sal Male (9), female (10)
Control, naltrexone Naloxone, 1 mg/kg C-NTX-nal Male (10), female (10)
Stressed, vehicle Saline, 1 ml/kg S-V-sal Male (10), female (8)
Stressed, vehicle Naloxone, 1 mg/kg S-V-nal Male (10), female (9)
Stressed, naltrexone Saline, 1 ml/kg S-NTX-sal Male (11), female (10)
Stressed, naltrexone Naloxone, 1| mg/kg S-NTX-nal Male (10), female (9)
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FIG. 1. Effect of chronic naltrexone release from minipump on the
analgesic response to morphine. *Significantly different from mor-
phine alone, p < 0.05. VEH = vehicle, NTX = naltrexone.

humidity as those in which the rats were housed. The contents
of the room remained in identical positions throughout all the
experimental procedures to provide the same visual cues for
all the animals.

Experimental Procedures

Hot plate test. Each animal received an IM injection of
naloxone (1 mg/kg) or saline (1 ml/kg) 15 min before it was
placed on the hot plate. Naloxone was used to determine the
contribution of endogenous opioid systems to the reaction
time to a nociceptive stimulus and other behavioral parame-
ters (see below) because we and others (6) had found this
treatment to have a significant effect in control rats in such
tests. The latency to lick the hind paw was measured as de-
scribed above. A cutoff time of 30 s was used to prevent
damage to the hind and front paws.

Elevated plus-maze. This test was modified from that de-
scribed by Pellow and File (20). The experiment was per-
formed in a room illuminated with a red light. The apparatus
consisted of two open and two closed arms, each 44 cm long
and 10 cm wide, placed 43 cm above the ground. The closed
arms had a wooden wall 40 cm on each side, whereas the open
arms had rails 1 cm high of clear Plexiglas attached to them to
prevent the rats from falling off. Each of 151 animals was
placed individually into the maze for § min. The total number
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of entries into any arm and the proportion of time spent in
the open arms were recorded. The groups of rats and their
treatments are shown in Table 1. All rats were injected with
saline or naloxone as above, 15 min before being placed in the
plus maze. The tests were carried out between 1300 and 1800
h. The apparatus was carefully cleaned with water and dried
after each animal.

Saccharin preference. Eight C or S rats of each sex and
maternal drug treatment group were housed individually for 3
days before the experiment in cages equipped with two drink-
ing water bottles. On the fourth day, the tap water in one of
the bottles was replaced by a solution containing saccharin (3
mM). The bottles were alternated daily to ensure that there
was no preference for a particular position. In preliminary
experiments we found that the preference pattern stabilized on
the fourth day of saccharin exposure. This day was therefore
chosen for the comparison of the effects of the maternal treat-
ments on this behavior. Sweet preference was expressed as the
ratio of the intake of saccharin solution on day 4 to the total
amount of fluid consumed that day.

Statistical Analysis

The data were subjected to analysis of variance (ANOVA)
for factors prenatal stress, maternal NTX, pretest naloxone,
and sex using the SAS statistical package. Duncan’s multiple
range test was used for post hoc analysis on group differences.
A difference at the level of p < 0.05 was considered statisti-
cally significant. Data are presented as mean + SEM.

RESULTS
Verification of NTX Dose

The analgesic effect of morphine (5 mg/kg) was completely
blocked 3 and 7 days after implantation of the minipumps
containing NTX in the control rats (Fig. 1).

Morphological Data

Exposure to prenatal stress or NTX did not affect the dura-
tion of pregnancy or body weight of pups on day 1. Body
weight gain by the dam during the first 17 days of pregnancy
(by litter mean) did not differ in stress and control groups: C
=747 £ 2.6g,S = 76.1 + 3.5 g. Maternal NTX tended to
decrease the size of litters born to C dams (p = 0.1). This

TABLE 2

EFFECT OF PRENATAL STRESS AND NTX ON LITTER COMPOSITION AND
PUP WEIGHTS ON DAY 1

Prenatal Treatment

Vehicle Naltrexone
Control Prenatal Stress Control Prenatal Stress

Pregnancy {days) 23.1 £ 0.1 232 + 0.1 23.1 £ 0.1 23.1 £ 0.1
Litter size 12.0 + 0.8 12.4 + 0.7 10.6 + 0.7 11.5 + 0.5
No. of males in litter 6.8 + 0.7 58 + 0.6 4.5 + 0.7* 5.7 + 0.4
No. of females 52 + 0.5 6.4 £ 0.5 6.1 + 0.8 5.7 £ 0.3
Weight (g)

Males 6.7 £ 0.3 6.5 £ 0.2 69 + 0.2 6.6 + 0.1

Females 6.3 £ 0.2 6.4 + 0.2 6.7 + 0.2 6.7 + 0.1

*Significantly different from V-C, p < 0.05.
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TABLE 3
EFFECT OF PRENATAL STRESS AND NTX ON RESPONSE LATENCY ON HOT PLATE

Maternal Treatment

Control Prenatal Stress

Offspring Treatment Saline Naloxone Saline Naloxone
Males (time in s)

Vehicle 8.1 £ 0.8 7.6 £ 1.0 8.1 = 0.6 9.5 + 0.8

Naltrexone 10.6 + 0.5* 9.0 + 0.7 8.0 £ 03 8.7 + 0.8
Females (time in s)

Vehicle 8.0 + 0.5 73 + 03 8.4 + 07 9.7 + 1.0

Naltrexone 94 + 0.7 10.6 + 0.7* 8.3 + 0.6 8.5 £ 0.6

*Significantly different from V-C, p < 0.05.

appeared to be due to a specific reduction in the number of
males in a litter, F(1, 39) = 4.52, p < 0.05. NTX had no
effect on the composition or number of offspring of S dams
(Table 2). Prenatal stress significantly reduced the anogenital
distance in males (Fig. 2), F(1, 39) = 11.36, p < 0.001. This
was normalized by maternal NTX. Although the body weight
(by litter mean) of S-V offspring at the age of 60 days was
somewhat lower than that of C-V on day 60 [F(1, 43) = 3.09,
p = 0.08 for males, and F(1, 43) = 2.05, p =0.15 for fe-
males}, this did not reach statistical significance. This delay in
growth was also prevented by NTX, which had no effect in C
offspring (Fig. 3).

Plus-Maze

The S offspring of V-treated dams made significantly fewer
entries into the four arms of the plus maze than C offspring,
F(1, 36) = 6.85, p < 0.025 (Fig. 4A). Pretest naloxone sig-
nificantly reduced the total number of arm entries in C rats
of both sexes, F(I, 34) = 22.73, p < 0.0001, but not in S
offspring. There was a significant main effect of NTX, F(1,
36) = 55.59, p < 0.001, that was due to a rise in the total
number of entries in saline-treated S offspring. Because the
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FIG. 2. Effect of maternal naltrexone on anogenital distance in con-
trol (C) and stressed (S) male pups. Litter mean, mm/g. *Significantly
different from C, p < 0.001.

total activity was the same in S-V and S-NTX rats after nalox-
one, but significantly greater in the latter group given saline,
it indicated that the opioid component of the behavior was
increased by NTX to the level obtained in C offspring. Mater-
nal NTX did not affect exploratory activity in C rats (Fig. 4B).
No attempt was made to determine the stage of the estrous
cycle in the females before each behavioral experiment, be-
cause this is itself a stressful procedure and could well have
influenced the behavior. However, as any differences in the
behavior of C and S females and their reversal by maternal
NTX were also seen in males, it is unlikely that these were due
to differences in the stage of the estrous cycle.

S-V rats of both sexes given saline spent significantly less
time in the open arms of the plus-maze than C-V, F(1, 36) =
16.55, p < 0.0005. Naloxone had no significant effect on this
parameter in V-treated offspring (Fig. 5A), suggesting that
opioid activation did not contribute to an appreciable extent
to this behavior. There was an interaction between prenatal
stress and maternal NTX, 1, 150) = 12.52, p < 0.001, be-
cause maternal NTX completely abolished the difference in
the response of S-V and C-V and normalized the opioid com-
ponent of the behavior in the former group. In contrast, NTX
reduced the time spent in the open arms by C males given
saline or naloxone, F(1, 150) = 10.26, p < 0.005, but tended
to increase that spent by S males (Fig. 5B). This resulted in a
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FIG. 3. Effect of maternal naltrexone on adult body weight in C and
S offspring. CF = control females, SF = stressed females, CM =
control males, SM = stressed males. C-VEH vs. S-VEH, p < 0.05;
S-VEH vs. S-NTX, p < 0.05.
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FIG. 4. Effect of prenatal stress and naltrexone on the total number
of arm entries in plus maze. (A) Offspring of vehicle-treated dams, (B)
offspring of naltrexone-treated dams. *Significantly different from
saline, p < 0.05; #significantly different from C, p < 0.05.

significant interaction between sex and maternal NTX, F(l1,
150) = 3.62, p < 0.05.

Saccharin Preference

In line with previous findings by us (15) and others (18),
saccharin preference was considerably higher in C-V females
than in C-V males [sex main effect, F(1, 63) = 23.66, p <
0.001]. Prenatal stress abolished the sex difference by reducing
the preference in females and increasing it in males, thereby
producing an interaction between prenatal stress and sex, F(1,
63) = 6.47, p < 0.01. Prenatal NTX had no significant effect
on saccharin preference in C males or S females but reduced it
in C females. ANOVA revealed an interaction between sex
and maternal NTX, F(1, 63) = 4.99, p < 0.05 (Fig. 6).

Hot Plate Test

There was no significant difference in the latency to paw
lick after exposure to the hot plate in C-V and S-V offspring
of both sexes. Maternal NTX significantly increased the la-
tency in C rats, F(1, 63) = 4.29, p < 0.05, particularly in
males, but had no effect in S rats (Table 3).

DISCUSSION

The major new findings in this study are that: 1) the reduc-
tion in anogenital distance in male offspring and the lower
body weight of both sexes at adulthood, induced by unpredict-
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FIG. 5. Effect of prenatal stress and naltrexone on time in open arms
of plus maze (percent of total). (A) Offspring of vehicle-treated dams,
(B) offspring of naltrexone-treated dams. #significantly different
from C, p < 0.05.

able prenatal stress, were completely normalized by continu-
ous maternal administration of NTX throughout the last week
of gestation. 2) Opiate receptor blockade during pregnancy
also normalized exploratory behavior of S rats in the elevated
plus-maze, as indicated by the increase in the total number of
entries into any arm. 3) Maternal NTX restored the time spent
by S rats of both sexes in the open arms of this maze to the
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FIG. 6. Effect of prenatal stress and naltrexone on saccharin prefer-
ence. Measurements made on the fourth day of the test. #Significantly
different from C, p < 0.05; Asignificantly different from V, p <
0.05.
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level of that in control offspring. This showed that the opiate
receptor blockade during gestation could abolish the height-
ened anxiety induced by prenatal stress. This may result from
a relative lack of x opioid activity in S offspring at adulthood,
because small doses of morphine are known to increase the
time spent in the open arms of the plus maze (19). Prenatal
NTX may restore p-opioid activity by preventing the effects
of excess opioids during maternal stress.

A reduction of anogenital distance is believed to be due to
an inadequate action or release of testosterone and could be
an early indication of impaired sexual activity at adulthood.
Although sexual activity was not tested in adult rats in our
study, others have shown that maternal restraint during preg-
nancy, which reduces anogenital distance (4), interferes with
sexual activity and feminizes the behavior of the male off-
spring (32). These abnormalities in male sexual behavior ap-
pear to be related to a reduction in fetal testosterone release
on critical days of male development (34). A similar reduction
in fetal testosterone and impairment of sexual activity at
adulthood was induced by opiate administration during gesta-
tion (34), supporting the suggestion that prenatal stress inter-
feres with male sexual behavior via an opioid-mediated mech-
anism. This was confirmed by the finding of Ward et al. (33)
that injection of naltrexone to the pregnant stressed dam could
significantly reduce the feminization of sexual behavior in the
male offspring.

Saccharin preference is a sexual dimorphic behavior that is
dependent on the influence of androgens during the perinatal
period for its expression (31). It is also considered to be an
opioid-dependent behavior because it is increased by opiates
(3) and blocked by opiate antagonists (17). In the present
study, prenatal stress reduced saccharin preference in females
and increased it in males, thereby diminishing the sexual di-
morphism of this behavior. The increased saccharin prefer-
ence in S males could have been due to lower androgen activity
during the late gestation or neonatal period, whereas the de-
creased preference in S females could have resulted from a
reduction in hypothalamic 8-endorphin (38).

In contrast to its effects on morphology, growth rate, anxi-
ety, and exploration, maternal NTX did not influence saccha-
rin preference in S rats, and even reduced it in C females. If
maternal NTX had restored opioid activity in S rats, one
might have expected it to normalize saccharin preference in S
females. A possible explanation for the lack of effect of NTX
on this behavior may be found in a recent study of Beczkow-
ska et al. (1), who infused specific agonists and antagonists
into the lateral ventricle of rats and showed that é-, but not u-
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or x-opioid activation, was responsible for inducing saccharin
preference. Unlike u or « receptors, é binding sites only begin
to appear in the rat about 2 weeks after birth (26). Thus, the
latter receptors and opioid peptides activating them may not
have been influenced by prenatal NTX.

In previous studies on the effects of maternal opiate antag-
onists on offspring behavior and development, naloxone was
either given by repeated, once (24) or twice daily injections
(30) from day 7 or 8 of gestation, or as in our study, by
osmotic minipump implanted in the dam on day 17 of gesta-
tion (10). Although the first two studies differed in the
amounts of naloxone given, no significant effects were in-
duced on litter size, weight of pups, or sex distribution within
litters, but growth rate was increased. In the study of Hetta
and Terenius (10), a greater neonatal mortality (sex not speci-
fied) and reduced growth rate was reported. Aithough mater-
nal naloxone did not influence the pain threshold of the rats
on the hot plate in this study, the response to morphine was
nevertheless increased. These apparently contradictory find-
ings can be reconciled if one takes into account the stress
induced in the dams by daily saline injections that were given
to the controls in the experiments of Vorhees (30) and Shepa-
nek et al. (24), and have been shown to affect offspring behav-
ior (21) in a manner similar to the noise stress used in our
study.

We also found that maternal NTX appeared to have some
detrimental effects on the male offspring of C rats. It reduced
the number per litter and increased their anxiety in the plus
maze test and the latency to paw withdrawal on the hot plate.
In contrast, no such effects of maternal NTX were seen in S
males, and their growth rate was even increased, as in the
study of Vorhees (30). This suggests that blockade of normal
opioid activity during development may interfere with normal
development and differ from that induced by antagonism of
the excess opioid activity resulting from maternal stress.

The findings in this study suggest that excess opioid activity
in the fetuses of stressed dams, at a critical period of their
development, could be responsible for some of the abnor-
malities induced by prenatal stress. These include a smaller
anogenital distance, slower growth rate, diminished sweet
preference in females, and greater anxiety in both sexes at
adulthood.
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