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In rats wi th  a pain syndrome caused by the production of  a generator of pathologi- 
cally enhanced excitation, substances of peptide nature with analgesic properties were 
found to be produced in the nociceptive system of the spinal cord. Spinal cord ex- 
tracts derived from rats with such syndromes (pain syndrome of spinal origin or adju- 
vant arthritis) exerted analgesic effects when injected intraventricularly into recipient rats 
with a pain syndrome of spinal origin. The highest analgesic activity was displayed by 
extracts obtained from the region where the generator of pathologically enhanced exci- 
tation had been set up. The analgesic activity of the extracts was directly related to 
the severity and duration of the pain syndrome in the donor  rats. 
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When a disease process arises in the nervous sys- 
tem, substances that either promote or inhibit this 
process are elaborated by populations of the in- 
volved hyperactive neurons, which form aggregates 
acting as a generator of pathologically enhanced 
excitat ion ( G P E E )  [2]. For  example,  p ro-  or 
antiepileptic substances of peptide nature were iden- 
tified in the brain of tats during the intensifica- 
tion of convulsive activity in the event of kindling 
[3,6]. Presumably, the emergence of substances of 
a particular type reflects activation either of  the 
pathological system underlying the disease process 
or of an antisystem that limits its development.  
Thus, w h e n  cerebellar  nucle i  pertaining to an 
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antiepileptic system were activated, epileptic activ- 
ity was suppressed or weakened, and substances 
capable of depressing epileptic activity in recipient 
animals were then detected in the brain and cere- 
brospinal fluid of donor  animals [7]. Similar sub- 
stances have been found to appear in animal and 
human cerebrospinal fluid after an epileptic seizure 
[3,7]. The present study was designed to determine 
which substances - pro- or antiepileptic - occur in 
the spinal cord when a pain syndrome (PS) of 
spinal origin is developing in r a t s  under the in- 
fluence of the GPEE formed in the  dorsal horns 
of lumbosacral segments. 

MATERIALS AND METHODS 

A total of 422 random-bred white rats weighing 
200-220 g were used. An acute PS was induced in 
test rats by creating a GPEE in spinal cord horns 
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Fig.  1. Analges ic  act ivi ty of  spinal  cord  extracts  de r ived  from rats with a PS of  spinal  origin. Sources  of  spinal  co rd  extracts: 
/) l umbar  s egmen t s  of b o t h  cord  halves;  I/) "generator"  ha l f  of lumbar  segments ;  III) cont ra la te ra l  hal f  o f  l umbar  segments ;  IV) 
thoracic  segments  of  bo th  halves.  PS dura t ion  after te tanus  application:  a) 3 h; b) 5 - - 6  h; c) 15 h. Here  and in Fig. 2 character is t ics  
of the PS are de p i c t e d  by  rad ius  vec tors  as  follows: 1) n u m b e r  of  a t tacks  of pa in  per  minute;  2) d u r a t i o n  of  one  a t tack  (sec); 
3) intervals  be tween  a t tacks  (sec); 4) r e sponse  to p rovoca t ion  (scores); 5) vocal iza t ion (score 1 a s s igned  to a weak,  shor t  squeak  
and  sco re  3, to sharp,  shri l l  s q u e a k i n g  t h r o u g h o u t  the  at tack);  6) motor  act ivi ty  (score  1 a s s i gned  to o n e  or  two runs  dur ing  
an a t tack  of  pa in  and  score  3, to runn ing  abou t  the cage  wi th  leaps  th roughout  the  attack). Degree  of the  PS, i.e., the  magni tude  
of its manifes ta t ions ,  was  s co red  as  foBows: 0, none; 1, sl ight;  2, moderate ;  3, severe .  In these  d iag rams  each  circle  co r r e sponds  
to one  score,  c o u n t i n g  f rom the  center .  

on the left at the L4-L 6 level with benzylpeniciilin 
sodium or tetanus toxin. For this, benzylpenicillin 
sodium or tetanus toxin were embedded in liquid 
agar and, after its solidification, a lx0 .4x l0  m m  
plate containing 8000 IU of benzylpenicillin so- 
d ium or 8-10 LDm, n (minimal  lethal doses) of  
tetanus toxin was prepared and applied to the dor- 
sal surface of the left half of the spinal cord fol- 
lowing a unilateral laminectomy at the L4-L 6 level 
under  ether anesthesia. The rats developed a PS 
10-15 rain after benzylpenicillin sodium application 
(i.e., immediately after recovering from the anes- 
thesia) and 2-3 h after tetanus toxin application. 
The severity of the PS, which lasted 3 h and 15- 

18 h after benzylpenicil l in sodium and tetanus 
toxin, respectively, was assigned scores 1 to 3. Rats 
with the PS caused by tetanus toxin were used as 
donors of spinal cord extracts, while those with 
the PS induced by benzylpenicillin sodium were 
used as recipients of these extracts for a study of 
their analgesic effects. The donor rats were decapi- 
tated 3, 5, and  15 h after tetanus toxin applica- 
t ion and their spinal cord was extirpated both at 
the application site and in the area of remote tho- 
racic segments. Cord tissue samples were frozen 
and stored at -20~ until use. For peptide extrac- 
tion, frozen cord tissue samples were placed in a 
glass homogenizer  conta in ing  1 M acetic acid 
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heated to 90~ and the homogenizer  was kept in 
a boiling bath for 5 min, after which the tissue 
was dispersed with a glass pestle during 10 rain 
[8,9]. The suspension was cooled, allowed to stand 
for 30 rain, and then  centrifuged at 10,000 g for 
15 rain. The supernatant was collected and its pH 
was adjusted to 7.0 with concentrated ammonia  
solution. The sediment  was separated by repeated 
centrifugation and the resulting solution was lyo- 
philized. Extracts obtained from both halves of the 
spinal cord (lumbar and thoracic regions) and from 
one of its halves - the side where the GPEE had 
formed ("generator" side) or the contralateral side 
- were assayed for analgesic activity. Sham-oper-  
ated rats with a plate made of 1% agar applied to 
the spinal cord served as controls. For some tests, 
spinal cord extracts were t reated with Pronase 
(Serva) to confn'm the peptide nature of the ac- 
tive principle in the extracts [4,5,10]. 

In  other  test rats, a PS was produced  by 
Freund's  adjuvant injected in a dose of 0.1 ml 
into the sole of  the left foot (these rats developed 
adjuvant arthritis), and its severity was assessed by 
measuring the degree of edema in the limb and 
by observing the spread of edema to other limbs. 

Analgesic activity of the extracts was estimated 
after an intraventricular injection (into the fourth 
ventricle) of their lyophilizates in solution (5 ~tg 
protein in 10 ~tg solution per animal) in rats with 
the PS caused by penicillin application to the spi- 
nal cord as described above. The results were 
treated statistically using Student 's  t test. 

RESULTS 
The PS arising in rats 10-15 min  after penicillin 
application to the spinal cord was manifested by 
characteristic behavioral acts, including licking and 
biting of the pain projection area (left hind limb), 
vocalization, enhanced motor activity, anxiety, and 
excitation. Spontaneous (unprovoked) spells of pain 
occurred at a frequency of 3 or 4 per minute,  
lasted 10-13 sec each, and were accompanied by 
squeaking and fierce assaults upon  the left hind 
limb (pain project ion area). Occasionally, the at- 
tacks of pain were so frequent that the intervals 
between them were difficult to record. Such attacks 
were assigned score 3. 

The spinal cord extracts derived from rats with 
the PS produced analgesic effects in the recipients 
with the PS of spinal origin: the attacks of pain 
were less frequent and much  less intensive, and 
the animals became calm, squeaked only rarely 
and for short periods, and just touched the hind 
limb without biting it. The analgesic activity of  
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Fig. 2. Analgesic activity of spinal cord extracts derived from 
rats with a PS related to adjuvant  arthritis, a) extract from 
the left half of lumbar  segments  (Ls_s); b} extract  from the 
right half of lumbar segments. Freund's  adjuvant was injected 
into the plantar surface of the left hind limb. 

lumbar extracts from both spinal cord halves was 
the higher, the more severe and longer-lasting the 
PS in the donor  rats (Fig. 1, I, a, b, and c). 
The analgesic activity of extracts from the thoracic 
cord region (far away from the GPEE in the lum- 
bar segments) was weaker but also increased with 
increasing duration of the PS in the donor rats 
(Fig. 1, IV, a, b, and c). 

The analgesic activity of cord extracts from the 
side of convulsant application (i.e., the site where 
the GPEE had formed) and from the contralateral 
side of rats with a PS lasting for 5-6 h was similar 
(Fig. 1, II, d and III, b). The analgesic activity 
of cord extracts from the side of GPEE formation 
in rats with a longer-lasting PS was roughly the 
same as above (Fig. 1, II, c), while that of cord 
extracts from the contralateral side of such rats was 
much  lower or zero (Fig. 1, I3"I, c). 

Cord extracts derived f rom control  rats in 
which an agar plate without convulsant was applied 
to the dorsal cord surface failed to exhibit analge- 
sic activity or to suppress the PS in the recipi- 
ents. Pronase-treated extracts were also devoid o f  
analgesic activity. 

Rats injected with Freund's  adjuvant into the 
left hind paw developed a PS in 2 to 3 weeks. 
The paw became swollen and ulcerated. The ani- 
mals favored the affected paw in walking (they 
held it in the air), preferred sitting at a distance 
from each other, and displayed aggressivity if they 
happened  to touch  each  other  while  moving 
around. They responded to mechanical stimulation 
of the affected paw by jerking it away, squeaking, 
and ticking the swollen area. The extract derived 
from the lumbar region on the side of adjuvant 
injection showed analgesic activity after its injec- 
t ion into rats with the PS of spinal origin (Fig. 
2, a), as was evidenced both by much less frequent 
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episodes of spontaneous pain and by very short 
durations (2-3 sec) of provoked pain, which was 
accompanied by a single squeak and a run over a 
short distance. The extract from the contralateral 
side lacked analgesic activity (Fig. 2, b). 

As a result of neuronal hyperactivation in the 
nociceptive system of the spinal cord, substances 
that mediate functional effects of this system ac- 
cumulate in the GPEE area and exert an analge- 
sic effect upon inject ion into recipient animals. 
Tests with Pronase showed these substances to be 
peptides. The failure to display analgesic activity by 
extracts derived from the contralateral spinal cord 
side of rats in which the PS had lasted for only 
a short time (3 tl) and the weak analgesic activity 
of extracts derived from cord regions remote from 
the GPEE in such rats indicate that active factors 
were primarily accumulating in the GPEE area 
during the first few hours of PS development. 
However, extracts from the contralateral side did 
possess some inherent activity given that the anal- 
gesic effects of extracts prepared from both halves 
of the spinal cord were greater than those of ex- 
tracts prepared from its "generator" half only. 
Moreover, marked analgesic activity was exhibited 
not only by extracts from the "generator" side of 
the spinal cord but also by those from the con- 
tralateral side, as well as by those from the tho- 
racic segments if the material used to prepare the 
extracts was taken in a later phase (at 5 h) of PS 
development. 

Measurements of enkephalins in various spinal 
cord regions of rats with a PS demonstrated con- 
siderable elevations (by 150%) of their levels in 
the area of GPEE set up in lumbar segments, less 
marked elevations (by 60%) in thoracic cord seg- 
ments ,  and still less marked (by 35%) in the 
contralateral half of the spinal cord [I]. When a 
GPEE is set up in the nociceptive system of lum- 
bar segments, this region becomes hyperactive and 
begins functioning as a pathological determinant 
[2]. Other parts of the central nervous system may 
become pathological determinants themselves after 

they have been subjected to the original determi- 
nant for a sufficiently long time. Such a situation 
was observed in the present study: extracts prepared 
from thoracic cord segments of rats with a PS in 
its later phases and then injected into recipients 
produced analgesic effects that differed little from 
those exerted by lumbar cord extracts. Comparison 
of the two PS elicited in this study suggests that 
the effects of substances isolated from the central 
nervous system of animals with a PS largely de- 
pend on how the GPEE is formed, i.e., whether 
it develops rapidly in an explosive manner,  as in 
the PS of spinal origin, accompanied by a state 
of severe stress, or slowly and gradually over a 
prolonged period and to a relatively moderate de- 
gree, as in the PS induced by adjuvant arthritis. 
In the latter case, an important consideration is 
probably the weakening of adaptive mechanisms by 
which the animal is protected from the deleteri- 
ous effects of pain. 

In summary, the results of the present study 
indicate that substances of peptide nature possess- 
ing analgesic properties accumulate in the spinal 
cord of rats with a pain syndrome. 
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