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A pain syndrome was induced in ra t s  by means  of a microinject ion of purified tetanus toxin 
into the p o s t e r i o r  horns  of  g r a y  m a t t e r  of  the lumbosac ra l  segments  of the spinal  cord.  The 
toxin was used as  a means  of dis turbing inhibitory mechanisms .  Investigation showed that a 
pain syndrome can be reproduced if a f fe ren t  s t imulat ion f rom the pe r iphery  is blocked (by di-  
vision of the ne rves  of the hind l imbs o r  division of the dorsa l  l umbosac ra l  roots on the side 
of injection of the toxin). Under these conditions the la tent  per iod of onset  of the syndrome 
was lengthened and the degree  of its development  weakened a lit t le in the initial s tages  by 
compar i son  with an imals  with intact  afferentat ion.  In many  an imals  with blocked afferentat ion 
f rom the hind l imb genera l  manifes ta t ions  ( r e s t l e s snes s ,  a g g r e s s i v e n e s s ,  crying,  etc.) were  
accompanied  by a local ized response  in the fo rm of increased  licking, biting, o r  even chewing 
the t i ssues  of the deafferented l imb at  the si te of project ion of the pain (the phantom syn-  
drome) .  In some an imals  only the general  react ion was obse rved  without local izat ion of the 
pain (protepathic pain). In all  c a se s  the a t tacks  of pain a ro se  paroxysmal ly .  In an imals  with 
intact  l imb innervation the zones of  licking were  t r igger  zones of faci l i tated induction of an 
a t tack  of pain. Injection of glycine into the affected pos t e r io r  horns of the spinal cord  abol -  
ished the pain syndrome during the t ime of action of the glycine. It is concluded that the pain 
syndrome is based on the format ion of a genera to r  of pathologically intensified excitat ion,  as 
a r e su l t  of d is turbance  of inhibitory p r o c e s s e s ,  in the s y s t e m  of neurons  connected with pain 
sensation.  These  mechan i sms  a re  evidently those pr incipal ly  concerned in the pathogenesis  
of all  pain syndromes .  

KEY WORDS: spinal cord,  d i s turbance  of inhibition; exci tat ion genera tor ;  "dispatch stat ion";  
phantom syndrome.  

P rev ious  invest igat ions [I0] a imed at  es tabl i sh ing the pr incipal  of the "dispatch station" [5, 6, 8, 9, 
12] showed that injection of tetanus toxin, dis turbing var ious  types of inhibition [6, 13, 15], into the pos te -  
r i o r  horns  of g ray  m a t t e r  of the spinal cord  can induce a pain syndrome c h a r a c t e r i z e d  by a s eve re  cl inical  
picture.  These observa t ions  were  in te rpre ted  on the bas i s  of ideas concerning the appearance  of a POwer- 
ful exci tat ion genera to r  (a pathologically s t rengthened "dispatch station") on account  of d is turbance  of in- 
hibi tory p r o c e s s e s  [4-8] in the sys t em of spinal neurons  connected with pain sensation.  

The object  of the p re sen t  investigation was to obtain additional data on the role of the excitat ion gene r -  
a t e r  in the production of the pain syndrome.  
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E X P E R I M E N T A L  M E T H O D  

Albino rats  weighing 270-300 g were used. As in the previous investigation [10] tetanus toxin was 
used to produce an excitation genera tor  ("dispatch station"). The toxin was injected exactly into the region 
of the pos te r io r  horns of the lumbar  segments  of the spinal cord,  by means of a s tereotaxic method and 
using a micro in jec tor  enabling 10 -4 ml of fluid to be injected. The doses of toxin were 0.1-3.0 MLD for rats. 
Full details of the method are  descr ibed  previously [10]. 

To block the sensation of the hind limb a high division of the nerves  (sciatic, femoral ,  obturator) was 
ca r r i ed  out 4-14 days before the injection of toxin. Before the toxin was injected into the spinal cord,  the 
sensation of the denervated l imbs was tested in all the experimental  an imals .  It was completely absent on 
the toes, foot, and leg and part ly in the thigh but remained intact in the upper half of the thigh in the region 
where the skin adjoins that of the la tera l  surface of the trunk and the abdomen. A single injection of toxin 
was given into the pos te r io r  horns of segment  L6 of these animals and also into animals with an intact 
limb innervation (corresponding to the zone of blocked sensation). 

In a second ser ies  of exper iments  deafferentation of the hind limb was ca r r i ed  out by dividing the 
dorsa l  roots over  the range LI-S2 and, in some experiments ,  T2-$4 ei ther  immediately o r  3-14 days before 
injection of the toxin. In these experiments  the toxin was given e i ther  as a single injection into L6 or  as 
three injections into L5-S1. In these deafferentation exper iments  considerable wastage occur red  among the 
animals because of damage to the spinal cord. Altogether in the p re l iminary  deafferentation experiments  
15 rats  were usable, compared  with 10 rats  in the simultaneous deafferentation experiments .  

The experiments  with glycine were ca r r i ed  out on animals with a pain syndrome and with intact in- 
nervation of the hind limb. Glyeine (20% solution, 10 -4 ml per  injection) was injected f rom the same m i c r o -  
injector under general  e ther  anesthesia  into the poisoned pos te r io r  horns of the lumbar segments  as one or  
three injections. In control  exper iments  8 % NaC1 (isotonic with the glycine solution and with the same pH) 
was injected into the same regions by the same method. Altogether  90 rats  were used. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

As was descr ibed ea r l i e r  [10] animals with an intact hind-l imb innervation become res t less  and ag-  
gress ive  a cer ta in  time af ter  receiving an injection of toxin (the duration of this period is determined by 
the dose of the toxin); the animals  began to lick a cer ta in  par t  of the limb on the side of injection of the 
toxin - u s u a l l y  the leg, toe, o r  foot. The attacks were paroxysmal  in charac ter .  Meanwhile stimulation 
(squeezing a fold of skin with anatomical  forceps) of the a rea  licked by the animal induced a marked r eac -  
tion: with a c ry  the ra t  turned to the limb and began to lick the same area  vigorously. Application even of 
weak tactile stimuli (touching or  running a br is t le  along the hair) to the zone of licking, which was the t r ig-  
ger  zone, induced a sharp and prolonged response', with a c r y  the animal turned cur iously  to the limb and 
s tar ted to lick it and chew it, This effect was accompanied by dilation of the pupils, protrusion of the eye-  
balls, and changes in respirat ion,  The paroxysmal  cha rac t e r  of the attacks was c lear ly  manifested. At-  
tacks of pain a rose  without any special  provocation. In the final stages,  if the p rocess  was drawn out the 
animals frequently chewed the t issues of the limb. 

A picture of the pain syndrome s imi la r  in principle was observed in most  animals with a denervated 
or  deafferented limb. Thes e animals  also licked the corresponding areas  of the limb vigorously,  they turned 
on it furiously and with a c ry  whenever at tacks of pain occur red  (Fig. la,  b). However, stimulation of these 
a reas  itself induced no response.  The attacks of pain developed paroxysmal ly  in these animals.  Some of 
the animals in the final s tages of development of the syndrome chewed the t issues of the limb (Fig. lc). A 
distinguishing feature of the pain syndrome in the animals with blocked sensation of the hind limb was its 
slow development. For  instance, af ter  injection of 1 MLD toxin into the pos te r ior  horns of L6 the f i rs t  
signs of the pain syndrome in rats  with intact innervation usually appeared after  2 h; in the animals with 
the denervated limb they appeared 5-6 h af ter  injection of the toxin. A s imi lar  delay in the onset of the pain 
syndrome was observed in the animals with the deafferented limb. In some rats  with blocked sensation a 
gerieral response to pain was observed:  the animals were excited and aggress ive ,  they attacked the walls 
of the cage with a cry ,  they chewed the bars ,  but they gave no visible localized response.  

Injection of glyeine into the region of the pos te r io r  horns of the poisoned segments  in animals with an 
intact limb innervation on the side of injection of the toxin completely  inhibited the pain syndrome:  the ani-  
mals  became quiet, the paroxysmal  at tacks of pain disappeared,  and stimulation of the a reas  that had p re -  
viously been licked evoked no pain response (Fig. 2, ~). This picture was observed throughout the period of 
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Fig. 1. Spinal pain syndrome a f t e r  blocking sensat ion of hind l imb on side 
of injection of toxin in l umba r  segments :  a) pain syndrome in r a t  with d o r -  
sa l  roots  (L2-$2) divided on the left. Toxin (1 MLD x 3) injected into pos -  
t e r i o r  horns  L 4 - L  6 on the left  3 days  a f t e r  division of roots;  b) pain syndrome 
in ra t  with divided ne rves  of left  hind l imb. Toxin (1 MLD) injected into pos~ 
t e r i o r  horn of L 6 on the left  3 days  a f t e r  division of nerves ;  c) final s tage of 
pain syndrome in one r a t w i t h  divided ne rves  on left  hind limb. Toxin (1 MLD) 
injected into p o s t e r i o r  horn of L 6 6 days  a f t e r  division of ne rves ,  Photograph 
taken a f t e r  death of animal.  

Fig. 2. Effect  of glycine injected into p o s t e r i o r  horns  of 
l umba r  segments  in spinal pain syndrome.  In both pa r t s  
(I and II) of the f igure,  top cu rves  a re  phonograms,  bot tom 
curves  a re  a c t o g r a m s  recorded  during spinal pain syndrome 
in a ra t  before  (1) and 20 rain (2) and 30 min (3) a f t e r  in jec-  
tion of 20% glycine Solution (I) and 8% NaC1 solution (con- 
t rol ,  II) into p o s t e r i o r  horns  of lumbar  segments  (L4-Ls)  in 
a dose of 1 • 10 -4 ml  per  injection. Tape winding speed (hori-  
zontal line) 3 cm in 5 min. Recorded 72 h a f t e r  injection of 
toxin (0.1 MLD) in pos t e r io r  horns  of l umbar  segments  (L4-L6) 
on the left. 
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action of glycine, af ter  which the manifestat ions of the pain syndrome recurred .  In control  experiments  a 
s imi la r  injection of hypertonic NaC1 solution (isoosmotic with the glycine solution and with the same pH) 
had no such effect (Fig. 2, II). 

Tetanus toxin is known [5, 13, 15] to cause a disturbance of various types of inhibition. As a resul t  
of this dis turbance,  a group of neurons linked together by positive connections becomes an excitation gener -  
a tor  if it is acted upon by the toxin, disturbing the inhibitory connections [8-10]. Such genera tors  can be 
crea ted  in various par ts  of the nervous sys tem [2, 3, 5, 8, 10, 12] and they play the role of dispatch station 
for the functional volley activating the sys tem in which the dispatch station is created,  By virtue of these 
proper t ies  this phenomenon has been called the "dispatch station" phenomenon [5-9]. 

The pain syndrome descr ibed above can be regarded as one form of dispatch station phenomenon based 
on the creat ion of an excitation genera tor  in the sys tem of neurons connected with ascending t rac ts  of noci-  
ceptive sensation or  forming these t racts .  It is very  likely that neurons of Rexed 's  lamina 5, responsible 
for the t ransmiss ion ,  wide convergence,  and summation of excitation, c rea te  such a generator .  The ac t iv-  
ity of these neurons is regulated by special  mechanisms [1, 14, 19, 22, 24, 26]. An analogue of this lamina 
is also found in rats  [25]. However, the part icipation of neurons of other  laminae in the formation of such 
a genera tor  cannot be ruled out. Experiments  in which glycine was used to induce effects of postsynaptic 
inhibition suggest  the role of suppress ion of inhibitory mechanisms in the creat ion of the genera tor  [16, 17, 
27]. If injected into the region of the dispatch station, gtycine completely des t roys  it as a functional s t r uc -  
ture and suppresses  the genera tor  activity. This effect of glycine was observed by the wr i te rs  if the d i s -  
patch station was localized in o ther  sys tems  also [7-9]. It can be concluded f rom the results  of the present  
experiments  that glycinergie inhibitory mechanisms part icipate in the regulation of the activity of spinal 
neurons responsible for t ransmiss ion  of the sensory  flow manifested at the supraspinal  level as pain. 

Experiments  with blocking of afferent stimulation from the per iphery  show that this stimulation is of 
great  importance for genera tor  activi ty only in the f i rs t  stages of its formation; the blocking of afferenta-  
tion at this period leads to delay in the development of the syndrome. Later  the importance of afferent 
stimulation is reduced, and in the late stages the genera tor  is no longer required as a constant reinforcing 
stimulus; at this stage stimulation not only from the t r igger  zone (the zone of licking) but also from other 
parts  can play the role o f  t r igger  stimulus. The paroxysmal  at tacks of pain were probably due to " t r igge r -  
ing" of the genera tor  by some form of converging stimulation not recordable externally. However, the pos-  
sibility of spontaneous operat ion of the genera tor  of an increase  in its excitation up to a cer tain cr i t ica l  
level cannot be ruled out. 

Exper iments  in which the pain syndrome was reproduced during blocking of afferentation are  impor-  
tant also in that they essent ia l ly  simulate the phantom pain syndrome and give evidence of the role of gen- 
e r a to r  mechanisms in the onset  of the syndrome. 

It can be concluded f rom all the facts descr ibed above that the genesis of the pain syndrome cannot 
be explained purely by facilitation of the passage of per ipheral  impulses along thin unmyelinated fibers 
through the afferent input in the spinal cord [21, 22]. The formation of a sensory  and ascending flow of a 
cer ta in  intensity also plays a significant role, as other  workers  have a l ready pointed out [18, 20, 22, 23]. 
To these basic postulates on which the concept of "gate control"  of pain [20, 21] res ts  must  be added a very  
important  i tem: the appearance of an excitation genera tor  in the sys tem of neurons responsible for pain 
sensation. The formation of the genera tor  is presumably  an essent ia l  pathogenetic mechanism of any pain 
syndrome. 
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