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After  sciatic nerve transection, a generator o f  pathologically enhanced  excitation is 
formed in dorsal spinal cord horns at the transection side in rats that have developed 
a pain syndrome bu t  not  in those that have not; in the latter rats, plastic changes 
occur  instead and lead to intensified afferent inputs from tissues o f  the affected limb 
to the contralateral dorsal horns. 
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Our earlier studies showed [3,5] that the develop- 
ment  o f  a neurogenic pain syndrome (PS) in rats 
after sciatic nerve transection is associated with the 
formation, in nociceptive structures, o f  a pathologi- 
cal algetic system - a new pathodynamic  ent i ty  
comprising altered componen t s  o f  the pain sensi- 
tivity system with heightened neuronal  excitability 
and inadequate inhibitory control.  We also found 
that such an algetic system did not  form in rats 
without a manifest PS after sciatic nerve transection, 
even though afferent inputs to structures of  the hemi- 
sphere contralateral to the transected nerve were in- 
creased [4,5]. To clarify the contr ibution o f  the 
primary relay to the changes ment ioned above, we 
measured in the present  s tudy spontaneous  and 
evoked neuronal activities in the spinal cord dor-  
sal horns bilaterally in rats with and without  PS 
after sciatic nerve transection. 

MATERIALS AND METHODS 
A total o f  36 male Wistar rats weighing 180-220 
g were used. The left sciatic nerve was transected 
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under  Hexenal  anesthesia (30 mg/kg intraperito- 
neally) at the popliteal fosse level distal to the site 
of  ligation, and the central end of  the nerve was 
placed in a polyethylene capsule and left in the 
wound which was closed by suture. A PS was con- 
sidered to have developed if autotomies  were ob-  
served on the operated paw and reduced pain sen- 
sitivity thresholds were recorded in the hot  plate 
test (the plate surface had a temperature of  55~ 
On the basis o f  these two criteria, the rats were 
divided into two groups - with and without  a PS. 
On days 5-30 after sciatic nerve transection, neu-  
ronal electrical activity in dorsal horn segments 
L2-L 4 was recorded bilaterally. For  this, rats un-  
der  c h l o r a l o s e - u r e t h a n  anes thes ia  (100 mg/kg  
chloralose and 1000 mg/kg ure than intraperi to-  
neaUy) were each placed in a stereotaxic apparatus 
with rigid fixation of  the head and spine, made 
immobile with a muscle relaxant (Myo-Relaxin) ,  
and artificially ventilated. Extracellular activity o f  
single neurons was recorded monopolarly with glass 
microelectrodes having a tip diameter of  1-3 ~t and 
filled with 2 M sodium chloride solution. The mi- 
croelectrodes were each fixed in the micromanipu- 
later o f  the stereotaxic apparatus and inserted to a 
depth of  1000 ~t from the spinal cord surface per- 
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Fig. 1. Background  neuronal  act ivi ty in dorsal  spinal  cord horns 2 weeks  af ter  sciat ic  nerve t ransec t ion ,  a) background  
neuronal  firing pa t t e rn  in the dorsal horn of segment  L 4 on the t ransect ion  side in a rat with PS; b) background  neuronal  
firing frequency in rats with and without PS. Dark bars: neuronal activity on the transection side; white bars: neuronal activity 
on the contra la tera l  side. 

pendicular to it midway between the medial dorsal 
artery and the site o f  entry of  the dorsal roots into 
the cord [13]. Neuronal  activity was delivered, via 
a cathode follower, to the input o f  a VC-9 broad- 
band amplifier and then taperecorded.  Each neu- 
ron was tes ted as follows: after the background 
activity o f  the neuron had been recorded for 1-3 
min and the depth  to which the microelectrode 
was inserted had been  noted,  weak and strong 
mechanical  and electrical stimuli were applied to 
bo th  hind limbs and to the tail and changes in 
neuronal firing activity were recorded.  For  me- 
chanical  s t imula t ion ,  the hair coa t  was gent ly 
touched with a glass rod or  the skin was pricked 
with a needle  or  p inched with pincers. Electrical 
stimuli were 0.1-msec current pulses of  0.1 to 20 
mA delivered via bipolar needle electrodes placed 
5 m m  apa r t .  I f  the  n e u r o n a l  firing ac t iv i ty  
changed, we  waited until the original background 
activity was restored and then proceeded  to test 
the next neuron .  A neuron that altered its activ- 
ity in response to a weak mechanical or electrical 
stimulus bu t  no t  to a strong stimulus was classi- 
fied as one o f  low threshold. A neuron increasing 
its f'tring f requency  in response to a strong me-  
chanical (prick or pinch) or electrical stimulus was 
classed among neurons of  a broad dynamic range. 
High- th resho ld  neurons  were cons idered  to be 
those that responded  only to mechanical  or elec- 
trical stimuli sufficiently strong to activate A-A and 
C afferents [1]. 

In addi t ion to extracellular activity o f  indi- 
vidual neurons,  the total evoked potential (EP) in 
response to electrostimulation o f  both hind limbs 
through b ipolar  steel electrodes was recorded in 
each animal f rom the dorsal horns of  segment L 4 
bilaterally wi th  monopo la r  glass microelectrodes 
(tip diameter  10-15 ~t) f'flled with 2 M NaC1 and 

inserted 200-300 ~t deep to the spinal cord surface. 
This electrost imulat ion was carried out  in sym- 
metrical points above the nerve transection site us- 
ing 0.1-msec rectangular pulses o f  3-5 mA - cur- 
ren t  s t rengths  that  exceeded  2- to 3-fold  the 
thresholds for  generat ion o f  EPs. The recorded 
poten t ia l s  were  fed to the input  o f  the VC-9  
b r o a d b a n d  ampli f ier  and then averaged for 10 
stimulus presentations using a specialized computer. 

RESULTS 
In rats that had developed PS, a total o f  86 neu-  
rons were identified in the dorsal horns (46 on the 
left and 40 on the right). Of  these, 28 left neu-  
rons and 21 right ones responded to peripheral 
st imuli  o f  different  strengths. The spon taneous  
(background) firing by dorsal root neurons on the 
side ipsilateral to the damaged nerve occurred at a 
significantly higher mean frequency (2<0.01) than 
that on the contralateral side (Fig. 1, b). Another  
feature o f  spontaneous neuronal activity on the side 
o f  nerve damage was the occurrence o f  discharges 
in the  form o f  rhythmic  bursts  that  gradual ly  
t ransformed into a prolonged (80 to 3200 msec) 
high-frequency tonic discharge (Fig. 1, a). More-  
over, a significantly larger number of  neurons were 
identified per  recording track for each rat on the 
damaged nerve side than on the contralateral side. 
Thus, the activity of  5 to 9 neurons could be re- 
corded in one track on the former  side but  only 
the activity o f  1 or 2 neurons in the symmetrical 
track on the latter. 

When receptive fields o f  neurons were exam- 
ined, 9 neurons (32.1%) with broad receptive fields 
responding to mechanical  stimulation o f  the left 
hind limb, sacrum, and tail were de tec ted  on the 
side o f  damage, and 2 of  these were simultaneously 
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Fig.  2. Ipsi la teral  (a) and  cont ra la te ra l  (b) EP in do r sa l  ho rns  of  
and  in  Fig. 3: I) EP u p o n  s t i m u l a t i o n  o f  the  p a w  wi th  t r an sec t ed  

activated from the right and left sides. In contrast, 
only 1 neuron with a broad receptive field was 
ident i f ied  on the side cont ra la tera l  to the cut  
nerve, and this neuron was activated upon stimu- 
lation o f  the entire skin surface of  the right hind 
limb and the tail root. 

Moreover, rats with PS tended to have a de- 
creased proportion of  low-threshold neurons (7.1%) 
and an increased proport ion o f  neurons with a 
broad dynamic  range (35.7%) on the damaged  
nerve side as compared to the contralateral side 

a ra t  t ha t  deve loped  a PS af ter  sc ia t ic  nerve  t r ansec t ion .  Here  
scia t ic  nerve;  2) EP u p o n  s t i m u l a t i o n  of the  con t ra l a t e ra l  paw. 

(41.6% and 8.3%, respectively). Also, the frequency 
of  f'tting by neurons that responded to strong me- 
chanical  or electric stimuli  was higher  on the 
damaged nerve side, and the firing frequency re- 
mained increased for 7-18 sec after stimulation was 
stopped. 

In the rats that  had not  developed PS, 32 
neurons were identified in the dorsal horns (18 on 
the left and 14 on the right); of  these, 8 left neu- 
rons and 9 right ones responded to peripheral  
stimuli. There was no significant d i f ference  in 
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Fig .  3. Ipsi la teral  (a) a n d  cont ra la te ra l  (b) EP in do r sa l  ho rns  of  a rat  t ha t  d id  no t  d e v e l o p  a PS after  sc ia t ic  ne rve  t ransec t ion .  
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background neuronal fn-ing frequencies between the 
sides ipsilateral and contralateral to the damaged 
nerve (Fig. 1, b). However, background neuronal 
fn-ing was significantly lower on the damaged nerve 
side (p<0.05) and significantly higher (p<0.05) on 
the contralateral side than in rats with PS (Fig. 
1, b). In addition, no high-frequency bursts were 
observed in rats without PS while the duration of  
afterdischarges by neurons responding to peripheral 
stimuli was substantially lower (3-8 sec) than in 
rats with PS (7-18 sec). Rats with and without PS 
did not differ significantly in the sizes of recep- 
tive fields. 

In rats of  both groups, the amplitudes of ip- 
silateral EPs in response to stimulation of  the 
limb with the cut nerve (Fig. 2, a, 1 and Fig. 3, 
a, 1) were higher than those of contralateral EPs 
arising in response to stimulation of a symmetri- 
cal point on the opposite limb (Fig. 2, a, 2 and 
Fig. 3, a, 2). Rats that did not develop PS (Fig. 
3, b, 1), unlike those that did (Fig. 2, b, 1), 
showed considerably increased EP amplitudes in 
the contralateral dorsal horns upon hind limb 
electrostimulation, the increase being more than 
1.5 times greater than that in EP amplitudes on 
the ipsilateral side. 

Thus, as is evidenced by the results presented 
above, substantial neuronal hyperactivation occurred 
on the sciatic nerve transection side in animals 
that had developed a PS. The hyperactivation was 
manifested in greatly elevated background neuronal 
firing frequencies, bursts of neuronal activity, pro- 
nounced afterdischarges following the delivery of  
peripheral stimuli, and increased EP amplitudes. 
Taken together, these findings indicate that a gen- 
erator of pathologically enhanced excitation formed 
on the transected nerve side in rats with PS [2]. 
Similar changes in the neuronal activity of dorsal 
horns were observed by other authors in various 
animal models of neurogenic PS [6,7,10,12,13] as 
well as in a patient with chronic deafferentation 
pains [11]. Of special note are the increased EP 
amplitudes we recorded from the contralateral horns 
of rats without PS when tissues of the affected 
limb were stimulated. This increase in EP ampli- 
tudes was not associated with pathological neuronal 
hyperexcitability (neither epileptiform activity nor 
reduced thresholds for EP generation were observed 
in such rats), but was probably due to plastic pro- 
cesses leading to enhanced afferent inputs from 
receptors of the limb with the cut nerve to neu- 

rons of the contralateral dorsal horn as a result of 
the activation of previously inactive synapses. The 
presence of such connections is confirmed by both 
morphological [8] and electrophysiological [9] stud- 
ies. Increased afferent inputs from the affected paw 
are therefore received by the contralateral dorsal 
horns in rats that do not develop a PS. Previously 
we observed a similar enhancement of afferent in- 
puts to the somatosensory cortex of the ipsilateral 
normal hemisphere in rats without clinical signs of 
a neurogenic PS [5]. In such rats, a generator of 
pathologically enhanced excitation activity was re- 
corded  f rom the dorsal horns  on the nerve 
transection side, whereas neuronal activity in the 
somatosensory cortex of the contralateral hemi- 
sphere remained within normal limits, indicating 
that the absence of a clinically manifest PS in 
these animals could be attributed to their failure 
to develop a pathological algetic system. The en- 
hancement  of afferent inputs we noted in this 
study on the side contralateral to the damaged limb 
may be presumed to have resulted in elevated ac- 
tivity of the overlying healthy projection structures 
of the brain, which precluded the formation of a 
pathological algetic system. 
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