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Effects of Prenatal Stress on Formalin-Induced
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Behavioral responses of 90-day-old male offspring from female Wistar rats exposed to
restraint stress during the last week of pregnancy were studied in the formalin test. Spe-
cific biphasic behavioral response characterized acute (phase 1) and persistent tonic pain
(phase 2). The intensity of nociceptive responses (evaluated by the number of flexions+
shakings and by the duration of paw licking) in prenatally stressed rats changed only
during phase 2. During interphase, facilitation of the flexion+shakings pattern (but not
the licking pattern) in response to nociceptive stimulation was seen. The response in-
tensity during phase 1 and the duration of both phases remained unchanged. Our find-
ings suggest that prenatal stress modulates nociceptive sensitivity in 90-day-old off-
spring: it affects the duration of tonic (inflammatory), but not of acute pain. It is con-
cluded that different mechanisms are responsible for the effects of prenatal stress on

acute and persistent pain in the formalin test.
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Prenatal stress modulates sensitivity to short-term
nociceptive stimuli not only during early ontogeny,
but also in adult animals [9,12,14,15]. We pre-
viously demonstrated that immobilization of pre-
gnant females modulated specific biphasic response
to nociceptive stimulation in their 25-day-old off-
spring [2]. Taking into account recent evidence on
different neurophysiological and neurochemical
characteristics of acute and persistent pain we as-
sumed that the effects of prenatal stress on these
two types of pain are realized via different mech-
anisms [6,10]. Formalin test is a classic model for
evaluation of nociceptive sensitivity allowing eva-
luation of the two types of nociceptive systems [7].
Formalin injected subcutaneously into the paw in-
duces a specific behavioral response (flexion, sha-
king, licking of the paw) consisting of two phases
of different origin. The first (acute) phase is a result
of chemical stimulation of nociceptive C and Ad af-
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ferent fibers. The second phase (caused by inflam-
mation) reflects sensitization of primary afferent
fibers and neurons of the dorsal horns [13].

The aim of this work was to study the effects
of restraint stress applied to female rats during cri-
tical period of fetal development on parameters of
acute and tonic phases of specific behavioral re-
sponse in the formalin test in their 90-day-old male
offspring, i. e., delayed effects of prenatal stress.

MATERIALS AND METHODS

Experiments were carried out on 90-day-old male
Wistar rats (n=44). Their parents, 17 female and 10
male Wistar rats, were maintained in a vivarium.
Pregnancy was determined by the presence of sper-
matozoa in vaginal smears. Pregnant rats were kept
under standard vivarium conditions with free access
to food and water. On 16 to 21 days of gestation,
rats of the test group (n=8) were subjected to re-
straint stress consisting of two daily 30-min ses-
sions in the morning and in the evening. To this
end, the rats were placed into a narrow adjustable
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cylinder. Control pregnant rats (n=9) were not sub-
jected to immobilization. Prenatally stressed (n=21)
and not stressed (n=23) male offsprings were kept
in a vivarium before tests.

After 30-min adaptation in a individual cham-
ber (25%25x25 cm glass aquarium), male rat was
injected with formalin (2.5%, 50 pl, subcutaneous-
ly) into the hindpaw. The number of flexions and
shakings per minute and the duration of paw lick-
ing (parameters of pain in the formalin test) were
visually evaluated [7]. In the control group, prena-
tally stressed (#=5) and nonstressed male rats (n=5)
received the same volume of saline. The number of
flexions+shakings and duration of paw licking were
analyzed during phase 1 and 2. The duration of
phase 1 and 2, and the interphase were also mea-
sured.

The data were statistically analyzed by non-para-
metric Wilcoxon test for dependent variables and Mann-
Whitney test for independent variables at p<0.05.

RESULTS

Formalin injected into the hindpaw induced a no-
ciceptive biphasic response with specific flexing+
shaking and paw licking patterns. Phases 1 and 2
of the response were separated by the interphase,
when the animal did not demonstrated nociceptive
behavior. Injection of physiological saline produ-
ced no nociceptive responses.

The intensity of acute response to formalin
(phase 1) was similar in prenatally stressed and
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intact male rats, as evidenced from similar numbers
of flexions+ shakings and duration of paw licking
(Table 1). During the second phase, the mean num-
ber of flexion+ shakings in intact rats was signifi-
cantly higher than in prenatally stressed rats
(p<0.05; Table 1). During phase 2, the mean dura-
tion of licking in intact rats was significantly shorter
than in prenatally stressed rats (p<0.05; Table 1).

The duration of phase 1 and 2 measured by the
number of flexions+shakings and duration paw lick-
ing in male offspring of intact females and females
subjected to restraint stress was similar (Table 2). The
duration of interphase determined by flexion+sha-
kings pattern differed significantly in intact and pre-
natally stressed male rats, but this difference was
insignificant if licking duration was used as a measure
of pain (Table 2).

Our findings indicate that stress during the last
week of gestation affects nociception in 90-day-old
male offspring. Our findings suggest that stress stimuli
applied during critical periods of ontogeny [3] can
produce delayed effects on various forms of behavior
[1] and on pain sensitivity to not only transient, but
also long-term painful stimulation [9,14,15]. We de-
monstrated different effect of prenatal stress on phase
1 and 2 behavioral response in formalin test (acute and
persistent pain, respectively). Parameters of acute, or
nocifensive reactions in prenatally stressed rats remai-
ned unchanged, while parameters of persistent pain
changed significantly, compared to the control. The
second phase, corresponding to inflammation-in-
duced tonic pain is controlled by humoral and sym-

TABLE 1. Intensity of Behavioral Response in Formalin Test in Prenatally Stressed (n=21) and Nonstressed (n=23) Male

Rats (Mtm)
Nonstressed Stressed
Parameters
phase 1 phase 2 phase 1 phase 2
Number of
lexions+shakings 19.9+4.5 190.4+£29.9 17.5%4.6 112.3+28.8*
Duration of
raw licking, sec 14.1£4.0 251.3+25.9 15.9+6.9 404.1£56.9*

Note. Here and in Table 2: *p<0.05 compared to intact rats

TABLE 2. Duration (min) of Various Phases of Behavioral Response in Formalin Test in Prenatally Stressed (n=21) and

Nonstressed (n=23) Male Rats (M+m)

Nonstressed Stressed
Phases
flexions+shakings paw licking flexions+shakings paw licking
1st 4.6+0.7 3.7+0.8 1.3%0.4 1.4+0.4
Interphase 12.7+£2.0 7.7£2.2 6.7+1.5* 7.9+2.7
2nd 47.6%£3.3 41.6+2.7 24.8+2.4 22.7+2 .1
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pathoadrenal systems. Functional activities of these
systems in prenatally stressed animals are consider-
ably changed [5]. Therefore, prenatal stress pro-
duced different effects on different parameters of
pain. During phase 2, the paw-licking behavior rea-
lized at the supraspinal level in prenatally stressed
rats dominated over spinal flexions+shakings pat-
tern. This redistribution of behavioral patterns cau-
sed by prenatal stress probably reflects structural
and functional rearrangements in CNS associated
with impairment of inhibitory mechanisms. Shor-
tening of the interphase in prenatally stressed rats,
determined by the number of flexinons+shakings
(but not licking duration), also attested to impair-
ment of inhibitory mechanisms. In our experi-
ments, pregnant rats were exposed to stress during
the last week of gestation, which was critical for the
development of monoaminergic and hormonal re-
gulatory systems [5]. Neurotransmitter imbalance
induced by prenatal stress can impair central inhi-
bitory mechanisms in CNS [4] and monoaminergic
descending inhibitory system modulating nocicep-
tive signals in the spinal cord [11]. We hypothesize
that different effects of prenatal stress on acute and
tonic phases in the formalin test are due to different
modulatory effects of the monoaminergic descending
inhibitory pathways on acute and persistent pain.
We revealed long-term effects of prenatal stress
on nociceptive sensitivity in the formalin test in male
rats. Ninety-day-old male offspring from females sub-
jected to restraint stress during the last third of ge-
station demonstrated considerable shifts in persistent
but not acute pain. This study provided an additional
evidence on inhibitory nature of the interphase [8]
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and different mechanisms responsible for acute and
persistent pain [6,10].

Authors are grateful to E. A. Vershinina (Depart-
ment of Statistics, I. P. Pavlov Institute of Physiology)
for her help in statistical analysis of the results.
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