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A t r igemina l  pain syndrome  was produced in e x p e r i m e n t s  on albino ra t s  by injecting te tanus 
toxin into the caudal nucleus of the spinal  t r ac t  of the t r igemina l  nerve .  Tetanus toxin was 
used as a substance  dis turbing inhibition. The syndrome descr ibed  has the c h a r a c t e r i s t i c  
f ea tu res  of the c l inical ly  f a m i l a r  t r i gemina l  neuralgia .  It is concluded that this syndrome 
of expe r imen ta l  t r igemina l  neura lg ia  is based  on the fo rma t ion  of a g e n e r a t o r  of patholog- 
ical ly  i nc reased  exci ta t ion (a pathological  dispatch% station) in the s y s t e m  of the caudal 
nucleus of the t r igemina l  ne rve  as a resu l t  of the d is turbance of inhibition. Mechanisms  
s i m i l a r  in pr inciple ,  a d is turbance of inhibition and the fo rmat ion  of exci ta t ion gene ra to r s  
in the co r respond ing  pa r t s  of the CNS, a re  cons idered  to lie at the bas i s  of var ious  pain 
synd rome s.  
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P rev ious  invest igat ions  [6, 7, 9-11] have shown that a s eve re  pain syndrome with all the c h a r a c t e r i s -  
t ic  f ea tu res  and with a profound dis turbance of the ca techolamine  balance [5] can be produced by injecting 
te tanus  toxin into the p o s t e r i o r  horns  of the g ray  m a t t e r  of the l umba r  spinal cord.  Tetanus  toxin h a sb een  
used  as a subs tance  dis turbing inhibi tory p r o c e s s e s  [6, 14, 16, 17]. Analysis  of the data obtained suggests  
that  the induced pa in  syndrome  is one f o r m  of pathological  dispatch% stat ion phenomenon [6-8], a ba s i s  for  
the fo rma t ion  of a gene ra to r  of pathological ly  i nc rea sed  exci tat ion.  

The object  of the invest igat ion descr ibed  below is to a s c e r t a i n  whether  a t r igemina l  pain syndrome 
can  be obtained by this method.  

E X P E R I M E N T A L  M E T H O D  

Albino ra t s  weighing 220•  g were  used.  Purif ied$ tetanus toxin, in a dose of 0.1-1.0 MLD for  
r a t s  was injected f r o m  a m i c r o i n j e c t o r  into the caudal  nucleus of the spinal t r a c t  of the t r igemina l  nerve  
on the r ight  side in a volume of 1 x 10 -4 ml .  Control  an imals  rece ived  inact ivated tetanus toxin under  the 
s ame  condit ions.  Glycine (20% solution, pH 5.6) was injected a f t e r  the toxin into the same  a r e a  of the nu- 
cleus;  in the contro l  e x p e r i m e n t s  an 8% solution of NaC1, i s o - o s m o t i c  with the glycine solution and with 
the same pH was injected.  Clinical  obse rva t ions  were  made on the an ima l ' s  behav io r  and i ts  movemen t s  
and pos tu re s  were  photographed.  In some e x p e r i m e n t s  a sound record ing  and an ac tog ram of the animal  
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Fig. 1. Clinical picture of development Of a t r igeminal  pain 
syndrome in a rat  (explanation in text). 

were obtained by the use of a specially constructed chamber  with microphones and s t ra in  gauges.  The e lec-  
t r ical  activity in the mas t ica tory ,  temporal ,  and frontal muscles  were recorded f rom some animals.  The 
total number  of ra ts  tested exceeded 100. 

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  

Soon after  injection of the toxin (the actual length of this period depended on the dose of the toxin 
injected) the animals began to sc ra tch  par t i cu la r  par ts  of the face or  head. In some cases  (as a rule, if 
the toxin was injected deeper into the nucleus) the scra tching movements  were preceded by washing move-  
ments  with the fore l imbs.  Scratching of a reas  of the face of head was accompanied by a corresponding 
movement  of the hind limb but only on the side of injection of the toxin (Fig. 1A); af ter  each scra tching the 
ra ts  careful ly  "cleaned" the digits of that paw just as during an ordinary  sc ra tch  reflex (Fig. 1B). In the 
intervals  between scra tching the rats  were quiet. With the course  of time the bouts of scra tching became 
more  frequent, they lasted longer, and their  intensity increased.  The bouts were paroxysmal  in charac te r ;  
they were not provoked by external  st imulation of any sort ,  but were "silent" in charac te r .  

La t e r  the scra tching movements  became violent, the rats  squeaked loudly and began to sc ra tch  des-  
pera te ly  the same area  as before.  The animals became res t less  and aggress ive ,  they dashed about the 
cage and flung themselves  against its walls.  The se izures  increased in frequency; as before they were 
paroxysmal  in cha rac t e r  but now they were easi ly  provoked by a stimulus applied to the zone of sc ra tch -  
ing. The se izures  could be provoked by tacti le stimuli of different strengths,  even light, applied to this 
zone; their  intensity and duration were virtually identical in every  case and were independent of the strength 
of stimulation. The zone of scratching,  which was not the zone of facil i tated induction of the seizure,  in- 
c reased  in s ize .  The skin of this zone was injured by the scra tching and the a i r  was removed f rom it (Fig. 
1C); in the late stages the zone increased  in a rea  and somet imes  an extensive par t  of the face was injured 
(Fig. 1E, F); often the animals lacera ted  the t i ssues  in the region of this zone. The animals '  posture in 
the per iod between se izures  was cha rac t e r i s t i c :  they would sit or  lie on thei r  side, with the fore l imbs 
or  paws held tightly against the face (Fig. 1D). The palpebral  f i ssure  on the side of injection of the toxin 
was nar rowed and somet imes  lacr imat ion  and increased  discharge f rom the nose were observed.  The in- 
tensity and the rate of increase  of the symptoms depended on the dose of toxin injected: if relat ively large 
doses (1 MLD) were given the syndrome developed rapidly and the symptoms were severe ;  if a dose of 0.1 
MLD was given the syndrome developed slowly and it could be observed for  2-3 days. The main cause of 
death of the animals was evidently tetanus poisoning, although the role of catecholamine inbalance, leading 
to para lys i s  of the heart ,  as took place in the spinal pain syndrome [5, 9], cannot be ruled out. 
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Fig. 3 

Fig. 2. Burs t s  of e l ec t r i c a l  act ivi ty  in the facia l  musc l e s  of an animal  with a 
t r igemina l  pain syndrome during a t tacks  of pain. Activity r eco rded  2 (A) and 
7 h (B) a f t e r  injection of toxin into caudal nucleus of spinal  t r igemina l  t r ac t  on 
the r ight  side.  Scheme of record ing:  1, 2) m a s t i c a t o r y  musc l e s  on the r ight  and 
left; 3, 4) f ronta l  m us c l e s  on the r ight  and left .  

Fig. 3. Effect  of glycine when injected into caudal nucleus of the t r igemina l  nerve  
a f t e r  te tanus toxin. In A and B top cu rves  are  sound record ings ,  bot tom curves  
a c t o g r a m s  r eco rded  f r o m  ra t s  with a t r igemina l  pain syndrome before  (1) and 20 
min  a f t e r  (2) injection of 20% glycine solution (/%) and 8~0 NaC1 solution (control; 
B) into the caudal nucleus of the spinal  t r ac t  of the t r igemina l  ne rve  in a volume 
of 1 x 10 -4 ml p e r  injection, 72 h a f t e r  inject ion of the toxin (0.1 MLD) into the 
caudal nucleus of the spinal  t r a c t  of the t r igemina l  nerve .  Tape winding speed 
(horizontal  line) 3 c m / 5  rain. 

The record ing  of the EMG of the facial  musc l e s  showed that during the a t tacks  a burs t  of e l ec t r i ca l  
act ivi ty  appeared  in the mas t i c a to ry ,  t empora l ,  and f rontal  musc l e s  (Fig. 2). In some animals  these b u r s t s  
were  equal in intensi ty and duration on both sides;  in o thers  they were  more  marked  on the side of the 
les ion.  In some c a s e s  i nc reased  spontaneous act ivi ty  was r eco rded  and this  also was a l i t t le s t ronge r  on 
the side of inject ion of the toxin. 

Inject ion of glycine into the p rev ious ly  poisoned t r igemina l  nucleus led to complete  suppress ion  of 
the syndrome during the per iod  of act ion of the glycine (Fig. 3A): the p a r o x y s m a l  a t tacks  d isappeared ,  
the animal  beca m e  quiet,  it ceased  to s c r a t ch  or  to l a ce r a t e  the pa r t i cu l a r  zone concerned,  and the appl ica-  
t ion of a s t imulus  to that zone no longer  provoked an a t tack of pain. The syndrome re turned as soon as 
the act ion of the glycine came to an end. In control  e x p e r i m e n t s  admin is t ra t ion  of 8if0 NaC1 solution gave 
no effect  (Fig. 3B). C o m p a r i s o n  of the observa t ions  descr ibed  above with the clinical  symp toms  of t r i -  
gemina l  neura lg ia  [1, 2, 4, 12, 13, 15, 21] leads  to the conclusion that the syndrome has all the c h a r a c t e r -  
i s t ic  f ea tu res  of a t r igemina l  pain syndrome .  The syndrome of t r igeminal  neura lg ia  was thus reproduced  
exper imen ta l ly .  

P rev ious  invest igat ions  [6, 7, 8], in which tetanus toxin was used as a substance  dis turbing inhibition 
[6, 14, 16, 17], showed that suppres s ion  of the inhibi tory m e c h a n i s m s  in a ce r t a in  group of neurons  causes  
that  neuron pool to begin to function as a g e n e r a t o r  of pathological ly  inc reased  excitat ion;  the intensi ty of 
the exci ta t ion  r i s e s  as  inhibition is p r o g r e s s i v e l y  d is turbed arid as the number  of neurons  forming  the 
gene ra to r  i n c r e a s e s .  These  m e c h a n i s m s  lie at the bas i s  of the spinal pain syndrome descr ibed  e a r l i e r  
[6, 7, 9-11], caused  by inject ion of te tanus toxin into the p o s t e r i o r  horns  of g r ay  m a t t e r  of the l u m b a r  seg-  
men t s  of the spinal  cord .  The s ame  m e c h a n i s m s  evidently a lso  lie at the bas i s  of the t r igemina l  pain 
syndrome produced by the inject ion of tetanus toxin into the caudal  nucleus of the t r igeminaI  nerve  we have 
just  examined,  for  this nucleus has a s t ruc tu re  s i m i l a r  to that of the p o s t e r i o r  horns  and it is functionally 
connected with pain  sensa t ion  [3, 19, 20, 24, 26]. Dis turbance  of inhibition in the neuron s y s t e m  of the 
caudal nucleus,  just  as in the neuron s y s t e m  of the p o s t e r i o r  horns,  b r ings  these s y s t e m s  into a state of 
r ead ines s  fo r  explos ive  exci ta t ion  that a r i s e s  in r e sponse  to t r igger ing  s t imulat ion.  It is these f ea tu res  
that de te rmine  the p a r o x y s m a l  c h a r a c t e r  of the a t tack of neuralgia .  The t r igger ing  s t imulus  may  be some 
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f o r m  of a f fe ren t  impulsation, but the mos t  effect ive fo rm  is impulsat ion ai ' r iving via a pa r t i cu l a r  afferent  
channel associa ted with the faci l i ta ted induction of ref lex attacks of pain (known in clinical medicine as 
t r i gge r  zones).  The role of t r igger ing  s t imulat ion diminishes with increas ing sever i ty  of the disturbance 
of inhibition and increas ing excitabi l i ty of the genera tor .  The p resence  of a genera to r  mechanism accounts 

fo r  the compara t ive ly  longer  durat ion of the at tack of pain and its inc rease  as the gene ra to r  continues to 
fo rm,  as welI as the possibi l i ty  that at tacks may a r i s e  even  in the absence of re inforc ing  st imulation f rom 
the per iphery ,  as was shown in the case of the spinal pain syndrome [9-11]. Injection of glycine, inducing 
postsynaptic  inhibition [18, 25], suppresses  the genera to r  and causes  the disappearance of the pain syn-  
drome during the per iod of its action, as was found also in o ther  fo rms  of the "dispatch station" phenom- 
enon when the exci ta t ion genera to r  was suppressed  by glycine [8, 11]. 

The theory of the por ta l  control  of pain [22, 23], the most  widely held theory at the p resen t  t ime and 
one which has been applied also to the sys tem of the t r igeminal  nerve  nuclei [10], despite its advantages 
cannot complete ly  explain the special  fea tu res  and mechanisms of the pathological pain syndrome.  The 
concept of the gene ra to r  mechanism of the pain syndrome could be an impor tant  addition to this theory.  
The format ion  of gene ra to r s  of pathologically inc reased  exci ta t ion in the sys t em of pain sensat ion is worthy 
of considera t ion as a highly important  pathogenetic mechanism of various pain syndromes .  
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