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Prenatal Exposure to Diazepam Alters Behavioral

Development in Rats

Abstract. Characteristic potentiation of
startle reflexes that normally appear in the

rat locomotion responses and acoustic
third postnatal week was absent in rats

exposed to diazepam during the third week of gestation. Loss of these behaviors
suggests a long-term effect that may result from changes in cellular development.
Tissue undergoing neuronal differentiation may be especially sensitive to drugs that

act on the central nervous system, and the

period in which differentiation occurs is

perhaps critical for the induction of changes that are later expressed as altered be-

havior.

Behavioral alterations in offspring that
were exposed prenatally to drugs (1) and
environmental chemicals (2) are noted
with increasing frequency. Traditionally,
studies of the sequelae of prenatal ex-
posure to drugs and chemicals have con-
centrated on exposure during organogen-
esis and on resultant malformation. Ex-
posure during other developmental
periods, however, may produce func-
tional disturbances. Given the wide-
spread use of ataractic drugs, including
diazepam and chlordiazepoxide (3), and
the clinical reports (¢) that prenatal ex-
posure to these agents may yield a varie-
ty of regulatory dysfunctions in the neo-
nate, we designed experiments to obtain
measures of behavioral activity and reac-
tivity in developing rats exposed to
diazepam during tte last week of gesta-
tion (5).

Diazepam was administered subcuta-
neously once daily between 9:00 and
10:00 a.m. to female rats (Long Evans)

on days 13 to 20 of gestation; the females
were pregnant for the first time, having
been bred at 100 days of age with male
rats of the same strain. Day 0 of gesta-
tion was the day on which a vaginal
smear positive for sperm was first ob-
tained (6). On day 13, the pregnant fe-
males were weighed and assigned to one
of five groups: uninjected controls (N =
15); vehicle-injected controls (N = 3);
and three experimental groups given
diazepam (2.5 mg/kg, N = 2; 5.0 mg/kg,
N = 3; and 10.0 mg/kg, N = 2) (7). On
day 20, all females were placed in plastic
cages for parturition and, beginning on
day 21, were checked every 3 hours from
9:00 a.m. to 10:00 p.m. The day of birth
was designated as postnatal day 0.
Within 24 hours after birth, the litters
of both diazepam-injected and control
rats were reduced to seven or eight pups
and given to uninjected dams for foster-
ing (each litter had one dam). Behavioral
testing was begun on postnatal day 12.
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Fig. 1. Development of spontaneous locomotor activity in control and diazepam-exposed rats.
Each animal was tested for a 20-minute period on each testing day. Numbers of rats tested were
as follows: uninjected, 15; vehicle-exposed, 12; diazepam-exposed, 7, 8, and 7 to 2.5, 5, or 10
mg/kg, respectively. Animals tested represented a minimum of two litters per group. Vertical

bars indicate standard error.
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Half of each litter was used to study the
development of locomotor activity and
half for analysis of the development of
the acoustic startle response (8). At least
seven offspring were tested in each
group and (with one exception) repre-
sented a minimum of two litters. Sepa-
rate analyses of the data were performed
in which both offspring and litter were
used as the experimental unit; the analy-
ses in which litter was the unit compared
grouped control litters with grouped
drug-exposed litters.

The development of spontaneous lo-
comotor activity follows a characteristic
pattern in rodents (9), as depicted in Fig.
1a for the controls (10). The activity of
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201 16 ¢
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60 -

Startle amplitude

40

20 -

Vehicle

0 T T T T T
25 40 55 70 85

unexposed animals increased sharply af-
ter day 14, peaked on day 16, and then
declined abruptly. The activity of the ve-
hicle-exposed controls followed the
same pattern but reached a lower magni-
tude on day 16. Figure 1b shows how this
pattern was affected by diazepam. Ani-
mals exposed to the lowest dose (2.5 mg/
kg) showed an inverted-U pattern of ac-
tivity, which peaked on day 15 rather
than day 16. In the animals exposed te
the two higher doses of diazepam, in
contrast, the activity was more or less
constant. Analyses of variance for re-
peated measures of the data presented
in Fig. 1 (offspring as experimental unit)
yielded significant (P < .01) effects for

Diazepam-exposed groups

40

20 1

40 ~
".‘ 20
20 4 p
0 T T T T
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18
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B WY - o
20 = * 1 _420
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Background noise intensity (dB)

Fig. 2. Development of and effect of background noise intensity on the acoustic startle response
of control and diazepam-exposed rats. The stimulus was a 110-dB, 10-kHz, 20-msec tone.
Startle amplitude refers to oscilloscope units. Number of rats tested were as follows: uninject-
ed, 11; vehicle-exposed, 8; and diazepam-exposed, 7, 3, and 7 to 2.5, S, or 10 mg/kg, respec-
tively. Animals tested represented a minimum of two litters except for those exposed to the 5

mg/kg dose of diazepam.
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treatment and age; age affected loco-
motor activity in the control groups
and the group given the lowest dose
of diazepam, but not in the groups ex-
posed to S or 10 mg/kg. Analysis of drug-
exposed versus control litters yielded
reliable effects for treatment, age, and
their interaction; trend analysis showed
a significant quadratic (increasing, then
decreasing) function for age, which inter-
acted significantly with drug treatment.
It may be concluded that the transitory
period of potentiated locomotor activity
is absent in the rats exposed to larger
amounts of diazepam prenatally. The rel-
ative hypoactivity of such rats cannot be
attributed to a generalized motor dys-
function, since at other times there were
no reliable differences between the
groups. Also, in other tests the treated
animals were identical to controls in the
onset and performance of body-righting
behavior and the geotactic reflex.

To obtain a measure of reactivity to
controlled stimulation, the animals not
tested for locomotor activity were ex-
posed to intense auditory tone bursts,
which elicited the acoustic startle reflex.
This reflex is sensitive to a variety of en-
vironmental events in both rats and other
species. In the rat, the response is
markedly potentiated by stable white
noise of moderate intensity. Potentiation
is presumed to result from an arousal
mechanism activated by the background
noise (I1).

Figure 2 presents the mean startle re-
actions to noise (/2). The startle ampli-
tude in vehicle-injected and uninjected
controls was markedly potentiated at a
background intensity of 70 dB, beyond
which amplitude decreased (these are
exactly the effects obtained in adult
rats). This potentiation was observed at
all ages tested but was pronounced after
day 16. In contrast, noise did not elicit
marked potentiation at the intermediate
noise levels in the diazepam-exposed an-
imals at any age. Of 17 animals chosen at
random from five litters only one showed
the normal inverted-U potentiation func-
tion, and even then the potentiation did

" not enter the range of normal values.

Control animals included 11 uninjected
and 8 vehicle-exposed animals chosen at
random from five litters. All showed the
inverted-U function. Analyses of vari-
ance on both offspring and litters demon-
strated significant main effects for age,
background, treatment, and their inter-
actions. Trend analyses revealed reliable
linear, quadratic, and cubic functions for
background—all of which interacted sig-
nificantly with drug treatment. The re-
duction of noise-elicited reflex potentia-
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tion in rats prenatally exposed to diaze-
pam is particularly interesting since few
manipulations reduce this response in
adult rats. However, in adult rats diaze-
pam and flurazepam hydrochloride do
reduce the acoustic startle response po-
tentiated by electric shock (13).

To determine whether the behavioral
consequences of prenatal exposure to
diazepam could have resulted from
diazepam persisting in the brain tissue of
the offspring, two procedures were used
(14). A competitive binding procedure
did not reveal diazepam or its active me-
tabolites in brain tissue of 10-day-old rats
that had been exposed to diazepam (5
mg/kg) prenatally, whereas some inhibi-
tion of the binding was apparent in 2-
day-old rats. Additionally, when “C-la-
beled diazepam (administered with unla-
beled diazepam at 2.5 mg/kg) was given
to dams, no radioactivity could be de-
tected in the brains or livers of their
offspring at 20 days of age. These results
suggest that the behavior observed dur-
ing the third week of postnatal life was
not being influenced by persisting diaze-
pam.

It is evident that prenatal exposure to
diazepam in the third (final) week of ges-
tation has consequences for the develop-
ment of arousal processes in the rat. We
have demonstrated that prenatal expo-
sure to diazepam during this period of
profound neuronal differentiation induc-
es pronounced alterations in behavioral
development that normally takes place in
the third postnatal week. The character-
istic developmental pattern of locomotor
activity (presumed to be a consequence
of isolation in the unweaned rat) has
been attributed to the asynchronous
rates of maturation of arousal structures
and arousal-inhibitory structures (9).
Similarly, the facilitation of acoustic
startle behavior by background noise at
moderate intensities is part of a general-
ized arousal process seen in rats in a va-
riety of reflexive and nonreflexive behav-
iors. The fact that both of these phenom-
ena are lost after prenatal exposure to
diazepam suggests that the drug alters
neuronal development in such a way that
the behavioral consequences of arousal
are suppressed. Administration of other

11 JANUARY 1980

drugs during the third week of gestation
in the rat has been shown to interfere
with neuronal differentiation (I5). This
period may be a time of great sensitivity
to drugs that act on the central nervous
system, and may be critical for the in-
duction of behavioral teratology.

The practical significance of these re-
sults will be revealed only by further
testing in which the intended therapeutic
usage of these drugs is taken into ac-
count. The effects of maternal anxiety
and stress may also be deleterious for rat
offspring (/6), and diazepam may coun-
ter such effects without increasing the
overall risk to the offspring. Future stud-
ies should address the effects of the in-
teraction of maternal stress and ataractic
drugs administered during pregnancy on
the development of progeny.
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