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Numerous clinical and experimental data suggest that
injuries of the peripheral nerves result in the devel-
opment of deafferentation pain syndromes [3,5,6].
The development of deafferentation pain has been
shown to be related to the formation of generators
of pathologically enhanced excitation (GPEE) in the
brain nociceptive structures, promoting the develop-
ment of the pathological algetic system (PAS) under-
lying the pathophysiology of the pathological pain
syndrome. This system causes dysfunction of the
structures regulating algesthesia [2,12]. Little is
known about the. conditions which either stimulate or
inhibit the formation of the PAS. The few clinical
data available suggest that phantom limb pain syn-
dromes occur more often in patients who had expe-
rienced pain before the limb amputation [8], and the
aggravation of phantom limb pain may be caused by
different emotional experiences [13]. However, it is
a known fact that various stress factors can cause
analgesia in animals [7,10], and an additional pain
stimulus inhibits the nociceptive impulses emanating
from the other source of pain [9]. These data are
not consistent with the above-mentioned clinical ob-
servations. :

The aim of this study was to evaluate the influ-
ence of immobilization and pain stress on the devel-
opment of the deafferentation syndrome in rats foi-
lowing sciatic nerve transection.
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MATERIALS AND METHODS

The experiments were carried out on male Wistar
rats. At the time of exposure to stress the rats used
for the experiments had not exhibited either autotomy
or the hyperalgesia normally characteristic for pain
syndrome development [3,5,14]. The weight of the
amimals at the beginning of the study was 170 to 180
g. The sciatic nerve was cut at the level of the
popliteal fossa under thiopental anesthesia (50 mg/kg
intraperitoneally), after which the central end of the
nerve was placed in a polyethylene tube with a sealed
end and left in the wound to be sutured. Pain stimu-
lation was carried out by using a removable clamp
which made it possible to regulate the pressure with
a screw. The clamp was applied for 30 min to one
of the hind paws and placed above the tarsal joint.
The compression force was 240 g/mm?. For the crea-
tion of immobilization stress the rats were fixed in
the supine position (semirigid fixation: the head and
the left hind paw were left free). All the animals were
divided into 3 groups. The first group (9 rats) com-
prised rats which 45 days after sciatic nerve transec-
tion were subjected to pain stress by applying a
clamp to the left hind paw. The rats in the second
group (7 animals) were subjected to pain stress by
applying a clamp to the right hind paw at the same
time after the operation. The animals of the third
group (9 rats) were immobilized 45 days following
the operation. The control group (6 rats) comprised
animals which had not been exposed to additional
stress after nerve section. At that time they did not
show any behavioral signs characteristic for the pain
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Fig. 1. Development of pain syndrome symptoms in rats after
exposure to additional stress. C: animals not exposed to stress.
Zero (0) on abscissa corresponds to 45th day after nerve
transection.

syndrome either. The development of the pain syn-
drome in the animals was assessed by the time and
severity of the autotomies observed on the operated
paw. The severity of the autotomies was evaluated by
the number of points assigned arbitrarily to the inju-
ries observed in the animals [11]. Autotomy of one
claw was assessed as 1 point, while injuries to 2, 3,
4, and 5 claws were allocated 2, 3, 4, and 5 points,
respectively. Autotomy of the phalanx on one toe was
assessed as 6 points, and on 2, 3, 4, and 5 toes as
7, 8, 9, and 10 points, respectively. The maximal
number of points (11) was .assigned to autotomies
reaching the metatarsal bones and above the metatar-
sals. The significance of the results was evaluated
according to Student’s £ test.

RESULTS

Both the pain and immobilization stress resulted in
the development of the deafferentation pain syndrome
in the animals which did not exhibit this syndrome
following sciatic nerve transection (Fig. 1). In 44%
of the rats exposed to pain stimulus to the paw with
cut nerve the autotomies occurred on the second day
after the exposure to stress, and by the 13th day all
the animals of this group had shown clinical signs of
pathological pain, manifested in their behavior. The
rats became restless, and they often licked and bit the
operated paw. Occasional paroxysmal twitching of the
paw was observed; the rats squeaked and attacked it,
biting off the claws and the soft tissues of the toes.
Similar behavior was also observed in the second and
third groups. In the second group in 43% of the
animals exposed to pain stimulation of the contra-
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lateral paw relative to the cut nerve autotomies were
also observed on the second day after the pain stress
and on the 6th day the incidence of autotomies
reached 100%. In the rats of the third group sub-
jected to immobilization stress the development of
the pain syndrome was slower in comparison with the
anmimals of the first and second groups (Fig. 1).

The animals of the third group developed the
first symptoms of autotomies on the 9th day after
stress, and on the 35th day autotomies were observed
in 77% of the rats. It should be noted. that these
apimals developed autotomies earlier compared with
the control group (Fig. 1).

The dynamics of development of autotomy is
shown in Fig. 2. The most severe autotomies were
observed in the first and second groups, the auto-
tomies of the former being slightly more severe than
in the latter. Thus, the results obtained suggest that
both the immobilization and the pain stress result in
pathological pain after the injury of the peripheral
nerves. It is of interest that the development of the
pain syndrome following the sciatic nerve injury for
the exposure to additional pain stimulation was not
related to the specific area of stimulus application,
which suggests the involvement in the process of the
central nociceptive structures taking part in the for-
mation of the algetic system.

Acute stress has been shown to result in a
marked reduction in the brain benzodiazepin and
gamma-aminobutyric acid receptors [1] which pro-
duce inhibiting effects. This mechanism might pro-
mote the development of generators of pathologically
enhanced excitation and the pathological algetic sys-
tem which could have already been formed after the
nerve section. The pathogenic effect of the exposure
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Fig. 2. Dynamics of development of autotomies in rats after
additional exposure to stress. Ordinate: severity of autotomy
(points). Other symbols as in Fig. 1.



510

to stress may also manifest itself in the inhibition of
the antinociceptive system restricting the development
of the PAS [2,12].

The data obtained in the present study are con-
sistent with the clinical observations suggesting that
adverse emotional experiences aggravate the course of
the deafferentation pain syndrome [13]. The fact that
the results of this study do not coincide with the ex-
perimental data on stress-induced analgesia can be ac-
counted for by the fact that different mechanisms are
involved in physiological and pathological pain [2,4,12].

REFERENCES

1. M. D. Korda, A. Concas, and G. Bijio, Molecular Basis
of Psychotropic Drug Effect [in Russian], Moscow (1986),
pp. 33-41.

2. G. N. Kryzhanovskii, Determinant Structures in Nervous Sys-
tem Pathology [in Russian], Plenum Press, New-York (1986).

Bulletin of Experimental Biology and Medicine, Vol. 115, Ne 5, May, 1993

3. G. N. Kryzhanovskii, V. K. Reshetnyak, M. L. Kukush-
kin, et al., Pat. Fiziol., No. 6, 8-10 (1991).

4. V. K. Reshetnyak, in: Advances in Science and Technol-
ogy, Series: Human and Awimal Physiology [in Russian],
Vol. 29, Moscow (1985), pp. 39-103.

5. T. J. Coderre, R. W. Grimes, and R. Melzack Pain, 26,

No. 1, 61-84 (1986).

LT H. Davies, C. A. Marsden, and M. H. T. Roberts,
Brain Res., 26, No. 1, 59-68 (1983).

.R. L. Hayes, et al., Ibid., 155, 91-102 (1978).

.T. S. Jensen, et al., Pain, 21, 267-278 (1985).

.D. Le Bars, A. H. Dickenson, and J. M. Besson, /bid.,
6, 283-327 (1979).

10.J. W. Lewis, J. T. Cannon, and J. C. Liebeskind, Sci-
ence, 208, 623-625 (1980).

11. T. Kaupilla and A. Pertovaara, Exp. Neurol., 111, No. 1,
128-130 (1991).

12. G. N. Kryzhanovsky, First European Conference on Pazn
Research, Brussels (1991), Abstr. 21.

13. R. Melzack and P. D. Wall, The Challenge of Pain
(1988), p. 64. -

14. P. D. Wall, M. Devor, et al,

[=aY

O 00

Pain, 7, 103-113 (1979).

Effect of the Somatosensory Cortex on the Development of
the Deafferentation Pain Syndrome

V. V. Churyukanov and M. L. Kukushkin

UDC616.8—009.7—008.6 —091:611.81

Translated from Byulleten’ Eksperimental’noi Biologii | Meditsiny, Vol. 115, Ne 5, pp. 473—475, May, 1993

Original article submitted November 20, 1992

Key Words: analgesia; deafferentation pain syndrome; somatosensory corlex

Experimental and clinical data demonstrate that the
development of the deafferentation pain syndrome
after peripheral nerve injury is caused by morpho-
functional changes in the structures of the brain noci-
and antinociceptive systems [2,3,7,14]. This is par-
alleled by increased excitability of peripheral nerve

fibers [15], of nociceptive neurons in the spinal cord

dorsal horn [13], of the thalamic nuclei [6], and of
the cerebral cortex [3,8,10], all this indicating the
formation of a pathological algetic system in the
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structures regulating pain sensitivity [11]. The brain
cortex plays an important role in the regulation of
pain sensitivity. It participates in the perception and
analysis of pain signals [4,5] and has a marked
modulating effect on the activity of the antinocicep-
tive structures [4,6].

The study of the role of the somatosensory cor-
tex in the development of the deafferentation pain
syndrome appearing in rats after sciatic nerve transec-
tion was the aim of this research.

MATERIALS AND METHODS

Experiments were camried out on 48 male Wistar rats
weighing 180-200 g. For stimulation of the deafferen-
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