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NOCICEPTIVE CHANGES IN RATS AFTER PRENATAL
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Abnormalities in anatomy and function of the cranial nerve motor nuclei and brain
stem structures have been demonstrated in some people with autism and can be modeled
in rats by exposure to valproic acid (VPA) during very early nervous system developmen-
tal stages (neural tube closure). The aim of this study was to investigate if VPA will have
an impact on nociception in rats because of reported hypoalgesia in a subgroup of autistic
patients. Pregnant females were treated ip with 600 mg/kg of sodium valproate on day
12.5 of gestation. Nociception was measured in offsprings by tail-flick and thermal paw
withdrawal tests in two developmental stages: prepubertal (80–90 g) and adulthood
(360–440 g). Results showed significant differences in pain sensitivity with hypoalgesia
in male rats treated with VPA compared to male control in both developmental stages.
The outcome of our study suggests that rats exposed prenatally to VPA show abnormali-
ties in nociception similar to those observed in human autistic patients. Interestingly, na-
loxone (1mg/ kg) had no impact on nociception in offsprings of VPA-treated rats.
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Prenatal exposure to teratogenic substances
during development of nervous system may lead,
both in humans and animals, to anatomical and be-
havioral changes, which can have crucial meaning
for their developmental abilities. A study of pa-

tients in the Swedish thalidomide registry revealed
that about 30 % of children exposed to thalidomide
on the 20th to 24th day of gestation became autistic
[13, 20]. The 20th to 24th day of gestation is the
time of neural tube closure and production of the
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first neurons forming the motor nuclei of the cra-
nial nerves. In rats, the neural tube closes on day
11th, and during the 12th day of gestation produc-
tion of the motor nuclei of hypoglossal, trigeminal
and abducens is completed [1]. These nuclei are re-
ported to be injured in autistic patients [16, 17]. Be-
cause thalidomide does not have the same terato-
genic effect in rodents as in primates [18], valproic
acid (VPA) was used by researchers from the Roch-
ester University to injure rats’ brain stem in utero
[16, 17]. VPA effects are known to be similar to
those of thalidomide [3], and its teratogenic effect
is observed also among humans [2, 11]. In vitro,
VPA has been shown to stimulate glutamic acid de-
carboxylase, the GABA synthesizing enzyme, and
to inhibit GABA transaminase and succinic semi-
aldehyde dehydrogenase, the GABA degrading en-
zymes [6, 14]. Interestingly, VPA has been used for
the treatment of affective and behavioral agitation,
and epilepsy in autistic patients [7, 10]. Offsprings
of female rats injected with VPA at the time of neu-
ral tube closure show brain abnormalities very re-
sembling those found in autopsy and imaging stud-
ies of autistic patients [8, 16, 17]. There are several
brain abnormalities found so far in rats exposed to
VPA in utero: reduction of a number of cerebellar
neurons, diminished number of motor neurons in
the nuclei of cranial nerves (III, V, VI, XII), short-
ening of the region caudal to the facial nucleus and
lengthening of the region rostral to the facial nu-
cleus, smaller cerebella and brains.

Because of these striking similarities between
brain abnormalities in rats exposed to VPA and
those found in autistic patients we can assume that
the former can be treated as an animal model of
autism, however, its validity based on anatomical
data has yet to be established in behavioral studies.

The aim of this study was to investigate beha-
vioral changes in rats exposed prenatally to the
teratogenic effect of VPA. Because of the reported
changes in endogenous opioids systems in subgroup
of autistic patients and their lower sensitivity to
pain [9, 21], we analyzed at first effects of in utero
exposure to VPA on nociceptive transmission.

Wistar female rats (purchased from a licensed
dealer, Górzkowscy, Warszawa, Poland), controlled
according to fertility cycle, were mated overnight
and the morning when spermatozoa were found
was set as the first day of gestation. Females re-
ceived a single ip injection of 600 mg/kg sodium
valproate (NaVPA) on 12.5th day after conception;

control females were injected with physiological
saline at the same time. NaVPA (Sigma) was dis-
solved in saline at a concentration of 150 mg/ml.
Valproate-treated females and their offsprings were
healthy and a number of animals in litters was nor-
mal comparing to control. Females were housed in-
dividually and were allowed to raise their own lit-
ters, the litters were not culled. The offspring were
weaned on postnatal day 23 and rats of either sex
were housed separately. Experiments were carried
out on male offsprings of the females described
above in two developmental periods: prepubertal
(80–90 g) and adulthood (360–440 g). The animals
were kept in groups of four to six to a cage (60 × 38
× 20 cm), with controlled temperature of 21 ± 1°C,
and light conditions (lights on at 8 a.m., lights off at
8 p.m.). Rats had free access to food (standard
laboratory pellets) and water. All the experiments
were performed in the light phase between 10 a.m.
and 3 p.m.

Nociceptive effects were evaluated using a tail-
-flick Analgesia Meter (TF-01, Porfex) and paw
withdrawal apparatus (Model 33, IITC INC). Tail-
-flick measurements were taken three times at 30-
-second intervals. In paw withdrawal test each hind-
paw sole was stimulated by focused light three
times at intervals of 2 min. The cutoff time was 11 s
for both tests. All animals were tested in two deve-
lopmental periods: prepubertal and adulthood.

The statistical analysis was carried out by Stu-
dent’s t-test for independent samples. The confi-
dence limit of p < 0.05 was considered as statisti-
cally significant.

There were significant differences in sensitivity
to nociceptive stimuli between male offsprings of
VPA-treated and control rats. The nociceptive thres-
hold in rats prenatally exposed to VPA was increas-
ed both in prepubertal period (p < 0.018) and adult-
hood (p < 0.006) as measured by tail-flick test, and
in adulthood (p < 0.03) but not prepubertal period
(p < 0.29) according to thermal paw withdrawal
test (Fig. 1). Naloxone (1 mg/ kg) injected ip 5 min
before tail-flick test had no impact on nociception
in offsprings of VPA-treated rats (SEM 4.12 ± 0.64
versus 5.23 ± 0.59).

The results obtained in this study show that pre-
natal exposure to VPA evokes changes in nocicep-
tion in Wistar rats, which persist till adulthood.
Male offsprings of rats prenatally treated with VPA
demonstrate higher nociceptive threshold compar-
ing to control males. Knowing that VPA increases

532 ���� �� ����	�
���� ��� ��� �������

T. Schneider, D. £abuz, R. Przew³ocki



the levels of GABA in the brain, we can assume

that elevation of amount of this neurotransmitter at

early developmental stages may result in disregula-

tion of GABAergic system at later developmental

stages. Both in vivo and in vitro studies indicate

that GABA regulates expression of GABA
 recep-

tor subunits [19], down-regulates binding, and may

negatively autoregulate development of the GABA-

ergic neuronal population in embryonic brainstem

[12, 15]. On the basis of recent studies, we can also

suggest that antinociceptive effect of VPA tera-

togeny may be connected, at least in part, with pre-

synaptic inhibition of afferent routes conveying

noxious information to dorsal horn neurons, as mi-

croinjections of bicuculline, the GABA
 receptor

antagonist, into the midbrain periaqueductal gray

matter produces a robust antinociception mediated
by �-opioid and �-adrenergic receptors [4, 5]. In-
terestingly, in our experiment naloxone (1 mg/ kg)
had no impact on nociception in offsprings of
VPA-treated rats, what may suggest that opioids
were not involved in the observed effect. Neuroen-
docrinologic basis of the described above altera-
tions will be a subject of future experiments. The
outcome of our study suggests that rats exposed
prenatally to VPA show abnormalities in nocicep-
tive thresholds, which are similar to those observed
in subgroup of autistic patients.
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