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According to the theory of generator and systemic
mechanisms responsible for nervous disorders [1,2], a
sine qua non for the emergence of central pain syn-
dromes is the formation and activity of a generator of
pathologically enhanced excitation (GPEE) in structures
of the nociceptive system. The manifestations of these
syndromes depend in large measure on the location of
the GPEE and on how it works. However, the forma-
tion of a GPEE does not necessarily result in a pain
syndrome. The latter will not occur unless that part of
the nociceptive system which is hyperactivated by the
GPEE involves other parts of that system in the patho-
logical process to give rise to a new pathodynamic
entity referred to as apathological algetic system (PAS).

As found in our previous studies [3,4], rats that
had developed a pain syndrome after sciatic nerve
transection, unlike those that had not, showed greatly
increased amplitudes of, and reduced thresholds for,
evoked potentials (EP) in the somatosensory cortex of
the contralateral hemisphere. These findings, how-
ever, may be a reflection of altered neuronal activity
not only in the somatosensory cortex itself, but also
in the underlying brain structures. We therefore
deemed it necessary to compare bioelectric activity in
the dorsal homns, which are the primary nociceptive
relay structures of the spinal cord, and in the cer-
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ebral hemispheres of animals with and without a pain
syndrome after sciatic nerve transection.

MATERIALS AND METHODS

Male Wistar rats were used for the experiments. The
sciatic nerve of their lefi hindlimb was transected un-
der hexenal (hexobarbital sodium) anesthesia (30 mg/
kg body weight intraperitoneally) at the popliteal fossa
level distal to the site of ligation, and the central end
of the nerve was then placed in a polyethylene capsule
(sealed on one side) and left in the wound, which was
closed by a suture. The animals were considered to
have developed a pain syndrome if the phenomenon of
autotomy was observed (gnawing away of pieces of tis-
sue in the paw with cut nerve) and hyperalgesia was
present. Hyperalgesia was assessed by measuring pain
sensitivity thresholds in the reaction of paw licking
using a hot plate test (the plate surfacé had a tempera-
ture of 55°C). Electrophysiological studies were started
8 to 30 days after sciatic nerve transection depending

_ on the time it took for the pain syndrome to develop.

For these studies, rats were fixed in a stereotaxic ap-
paratus under ether anesthesia, made immobile by a
muscle relaxant (Myo-Relaxin), and artificially venti-
lated. EP in the dorsal homs and the cerebral cortex
were recorded in response to electrostimulation of a
hind- or forelimb with rectangular pulses of 0.1 msec
in duration using bipolar needle electrodes. On the
hindlimb with cut nerve, electrostimulation was carried
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Fig. 1. Evoked potentials (EP) in the somatosensory cortex of
the contralateral hemisphere (1) and in dorsal horns of the spinal
cord on the side of sciatic nerve transection (2) in response to
electrostimulation of the hindlimb with transected nerve (a) and
of the intact hindlimb (b} in rats with pain syndrome.

10 msec

out above the transection site. EP in the somatosen-
sory cortex of the brain were recorded with monopolar
silver surface electrodes placed at the site where these
potentials were highest. The indifferent electrode was
fixed at the frontal sinus.

EP in the lumbar segments of the dorsal horns
were registered with monopolar glass microelectrodes
(10-15 p in diameter at the tip) filled with a potas-
sium chloride solution (2 mol/liter) and inserted to
a depth of 200-300 p from the dorsal surface of the
spinal cord midway between the median dorsal artery
and the site of entry of the dorsal roots into the spi-
nal cord. The recorded potentials were delivered to
the input of a VC-9 broadband amplifier (Japan) and
then averaged for 10 stimulus presentations using a
specialized computer.

RESULTS

The development of a pain syndrome in rats with
transected sciatic nerve was accompanied, as in our
previous studies [3, 4], by alterations in their behavior,
signs of anxiety, and progressive hyperalgesia. These
manifestations of the pain syndrome were used as cri-
teria for separating the test rats into two groups - those
that had developed the syndrome and those that had not by
the time that electrophysiological studies were started.
In rats with the pain syndrome, the recording of
focal EP from the dorsal horns did not show a sig-
nificant difference between thresholds for ipsilateral
responses to stimulation of the intact limb and the limb
with cut sciatic nerve. When the stimulation intensity
was doubled or trebled, the EP recorded from the
homolateral dorsal hom in response to stimulation of

the limb with the cut nerve had amplitudes that ex-
ceeded two- to threefold those of the homolateral EP
recorded during stimulation of a symmetrical point on
the intact contralateral limb (Fig. 1, 2). In these rats,
EP of similatly increased amplitudes were also recorded
from the corresponding areas of the contralateral
somatosensory cortex (Fig. 1, 7). On the other hand,
the thresholds for EP in the contralateral cortex for
stimulation of the limb with the cut nerve were almost
two times lower than those for EP in the contralateral
cortex in response to stimulation of a symmetrical point
on the intact hindlimb (0.67+0.20 mA vs. 1.30+0.28
mA). Moreover, the EP in the contralateral cortex in
response to stimulation of the left forelimb (where the
sciatic nerve was cut) had significantly higher ampli-
tudes than the contralateral EP produced by stimulat-
ing the right forelimb (the intact side). The observa-
tion that the amplitudes of homolateral EP in the dor-
sal horns and the contralateral somatosensory cortex
during stimulation of the limb with the cut nerve were
higher than those of EP in response to stimulation of
the contralateral intact hindlimb can be taken as evi-
dence of the considerably enhanced excitability and
reactivity of the structures of interest in rats with a
developed pain syndrome.

The increased amplitudes of EP recorded from the
somatosensory cortex contralateral to the transected
nerve in response to stimulation of the left forelimb do
not appear to have been associated with neuronal
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Fig. 2. Effect from the blocking of lumbar spinal cord segments
with Novocain on contralateral evoked potentials {(EP) in the
somatosensory cortex in response to electrostimulation of the
hindlimb with transected sciatic nerve (a) and of the ipsilateral
forelimb (¢) in rats with pain syndrome. 1) Before Novocain
application to dorsal surface of lumbar segments; Z) 10 min after
application; 3) after washing off of Novocain; b) EP in the dorsal
horn of segment L.
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Fig. 3. Evoked potentials (EP} in the somatosensory cortex
contralateral to the transected sciatic nerve (1} and in the
ipsilateral dorsal spinal cord horns (2) in rats that did not develop
a pain syndrome after sciatic nerve transection. a} EP in response
to electrostimulation of the hindlimb with transected nerve; b)
EP in response to electrostimulation of the intact hindlimb.

hyperactivation in the deafferentated dorsal homns of the
lumbar segments. To confirm this, a strip of filter
paper moistened with a 0.5% Novocain solution was
applied to the dorsal surface of the spinal cord in the
area of segments L,-L.. After the resultant functional
blocking of dorsal horn neurons (which occurred 10
min postapplication), EP were no longer recorded ei-
ther from the dorsal hom of segment L, (Fig. 2, b, 2)
or from the somatosensory cortex (Fig. 2, a, 2) when
the left hindlimb was stimulated. In contrast, the am-
plitudes of EP in the somatosensory cortex contralateral
to the transected nerve remained the same when the left
forelimb was stimulated (Fig. 2, ¢, 2).

In the rats that did not develop a pain syndrome,
the EP recorded from the contralateral somatosensory
cortex in response to stimulation of either the hindlimb
with the cut sciatic nerve or of the ipsilateral forelimb
did not differ in amplitude from those in response to
stimulation of the contralateral intact hind- or forelimb

(Fig. 3, b, I). However, the EP in the dorsal homs

on the nerve transection side had significantly greater
amplitudes when the hindlimb with the cut nerve was
stimulated (Fig. 3, @, 2). Such a pattern of electrical
responses in the dorsal homs and the somatosensory
cortex was observed in all rats without a pain syndrome
irrespective of the day (8th or 30th) on which these
responses were recorded after sciatic nerve transection.

The above experiments indicate that the mere
formation of a GPEE at the primary relay level (dor-
sal horns of the spinal cord) is not sufficient for the
occurrence of a clinically manifest pain syndrome: if
the latter is to develop, systemic pathological changes
mvolving overlying parts of the nociceptive system, in
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particular the somatosensory cortex, must be present,
i.e., a pathological algetic system (PAS) must form.
That such changes were present in the rats with a
pain syndrome is evidenced by the observed increased
amplitudes -of EP both in the deafferentated dorsal
homs and in the corresponding contralateral zone of the
cerebral cortex when the affected limb was stimulated.
The finding that EP of increased amplitude were
recorded from the zone of representation of the affected
hindlimb when the ipsilateral forelimb was stimulated
(an effect not observed in intact animals) attests to
enhanced neuronal excitability in this zone. Such en-
hanced excitability may also persist for some time even
when the primary GPEE in the dorsal homs is sup-
pressed, indicating that plastic reorganization has begun
in the cortex. The altered evoked responses recorded
from the dorsal homns but not from the somatosensory
cortex of rats that did not exhibit a clinically manifest
pain syndrome are indicative of the important contri-
bution which the involvement of higher parts of the
nociceptive system makes to PAS formation. Without
such involvement, no PAS as a pathophysiological ba-
sis for the pain syndrome can form, and segmental,
autonomic, or other manifestations of the activity of
nociceptive structures will probably occur instead.
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