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ANALGESIA CAUSED BY AN EXCITATION 

GENERATOR FORMED IN THE MESENCEPHALON 

G. N. K r y z h a n o v s k i i *  a n d  S. I.  I g o n ' k i n a  UDC 612.884-06:612.826.4 

In experiments on albino rats an excitation generator was formed with tetanus toxin in the dorsal 
nucleus of the midbrain raphe. The formation of an excitation generator in this nucleus was 
shown to produce general analgesia manifested against physiological (nociceptive stimulation) 
and central pathological pain (a pain syndrome of spinal origin). It is concluded that prolonged 
analgesia arising during activation of certain brain s tructures  is due to the appearance of excita- 
tion generators in them, which cause prolonged activation of those structures.  

KEY WORDS: dorsal nucleus of the midbrain raphe; excitation generator; pain syndrome of 
spinal origin; analgesia; tetanus toxin. 

Recent investigations have shown that electr ical  stimulation of the gray matter  near the aqueduct, the 
dorsal nucleus of the midbraia raphe, and certain other brain structures produces analgesia against both 
noeiceptive stimulation and pathological pain [1, 2, 13-16, 19]. The analgesic effeet is character ized by gradual 
development [16] and long persis tence (sometimes for several  hours) after  the end of stimulation [13, 15]. This 
course of the analgesia sugested [2, 3] that it is due to the formation of an excitation generator in these s t ruc-  
tures during their electr ical  stimulation. Model experiments have shown that the pain syndromes of central  
origin are based on the formation of generators of pathologically enhanced excitation (GPEE) in the correspond- 
iag regions of the nociceptive system [3, 5-7]. The pain syndrome of spinal origin has been produced by the 
formation of a GPEE in the poster ior  horns of the spinal cord [5], a trigeminal syndrome by its formation in 
the caudal nucleus of the trigeminal nerve [7], and a thalamic syndrome by its formation in the intralaminar 
nuclei of the thalamus [6]. On the basis of these investigations the theory of the generator mechanisms of 
central pain syndromes was formulated [3]. In the investigations mentioned above the GPEE was formed by 
means of tetanus toxin (TT), which disturbs various types of inhibition [4, 8, 10, 11]. 

In the present  investigation TT also was used to produce a GPEE, this time in the mesencephalic nuclei 
(the dorsal nucleus raphe), in order  to obtain prolonged effects of analgesia against physiological and pathologi- 
cal pain. 

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

Experiments were carr ied out on 45 albino rats weighi.ag 300 g. To form a GPEE in the dorsal nucleus 
raphe, purified TT was injected stereotaxically by means of a microinjector,  in  a volume of 1.5" 10 -4 ml and a 

* Corresponding Member of the Academy of Medical Scierices of the USSR. 

Laboratory of General Pathology of the Nervous System, Institute of General Pathology and Pathological 
Physiology, Academy of Medical Sciences of the USSR, Moscow. Translated from Byulleten' Eksperimental 'noi 
Biologii i Meditsiay, VoL 85, No. 2, pp. 145-148, February, 1977. Original art icle submitted June 10, 1977. 

0007-4888/78/8502-0135507.50 �9 Plenum Publishing Corporation 135 



I 

Ja . . . . . .  

t 
]I 

t I I 

I 

I ! t [ i ,/,l.,. 

II 

l 1 t 

Fig. I Fig. 2 

Fig. 1. Motor and vocal responses to nociceptive stimulation in rats before (1) and after 
formation of excitation generator (II) in dorsal nucleus of midbrain raphe. Top curves are 
aetograms, bottom curves phonograms. Arrows indicate time of stimulation. Time marker 
5 sec .  

Fig. 2. Motor and vocal  r e sponses  of r a t s  with pain syndrome of spinal  or igin before  (1) and 
a f t e r  (II) format ion  of genera to r  of  enhanced excitat ion in dorsa l  nucleus of midbra in  raphe.  
Legend as  in Fig. 1. 

dose of 1.5-3 MLD, the coordinates  being taken f rom the a t las  of Pe l l eg r ino  and Cushman [18]. The opera t ion 
was p e r f o r m e d  under hexobarbi ta l  anes thes ia  (100 m g / k g  body weight). To produce  the GPEE in the p o s t e r i o r  
horns  of the lumbar  segments  in o rde r  to obtain a pain  syndrome of spinal  origin,  the " a g a r  p la t e"  method 
developed i a  the l abo ra to ry  was used: 0.1 ml  TT  (2 �9 10 ~ MLD/ml)  was mixed with 0.9 ml  of 1% liquid aga r ;  
a f t e r  the aga r  had solidified,  a plate  measu r ing  3 x 2 • 1.5 m m  was made f rom it and p laced  on the left  half  of 
the do r sa l  sur face  of the l um ba r  segments .  The opera t ion  was p e r f o r m e d  under  e the r  anes thes ia .  As a resu l t  
of  diffusion of the TT f r o m  the aga r  plate  into the p o s t e r i o r  horns of the spinal  cord,  a spinal  pain syndrome 
developed,  the f i r s t  s igns of it appear ing  3-4 h a f t e r  application.  The moto r  r e sponse  of the an imals  (actogram) 
and the i r  vocal  r e sponse  (phonogram) were  r eco rded  in a spec ia l ly  built  chamber .  

EXPERIMENTAL RESULTS AND DISCUSSION 

In the experiment of series I (20 rats) the effect of a GPEE in the dorsal nucleus raphe on physiological 
pain produced by squeezlng a fold of skin, or the fingers or toes, orthe tail was investigated. The application 
of these stimuli caused the animal to cry and give a motor response: The rats turned their head toward the 
site of application of the stimulus, they bit the forceps, tried to release themselves from them, ran to another 
place, and so on, and these responses were recorded on the phonogram and actogram (Fig. i, I). After injec- 
tion of TT into the dorsal nucleus raphe, noclceptive stimulation, even if verY strong, evoked neither a cry nor 
a motor response (Fig. 1, If). This analgesic effect developed 3.5-6 h after injection of the TT and continued 
throughout the period of observation of the animals. It was observed in all animals receiving an injection of 
TT into the dorsal nucleus raphe. In those rats (5 animals) in whom TT Was injected into neighboring struc- 
tures, no analges ic  effect  was obtained. 

It should be noted that  the format ion  of the GPEE in the dorsa l  nucleus raphe of the midbra in  gave not 
only an analges ic  effect,  but a l so  led to motor  hyperac t iv i ty  and psychomotor  excitat ion,  which r e s e m b l e d  
spontaneous p a r o x y s m s  in cha rac t e r .  However ,  the analges ia  was unconnected with psychomoto r  excitat ion,  
for it a l so  took place when the an imals  were  in a t ranqui l  s tate.  
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In the next s e r i e s  of exper imen t s  (on 25 ra ts)  the poss ib i l i ty  of development  of  analges ia  a f t e r  the c r e a -  
t ion of an excitat ion genera to r  in the dorsa l  nucleus raphe was studied under  conditions of pathological  pain - 
a pain syndrome of spinal  origin.  This syndrome was produced by forming a GPEE in the p o s t e r i o r  horns of 
the lumbar  segments  by means  of TT by the "agar  p la te"  method (see Exper imen ta l  Method), The pain syn-  
d rome  developed 3-4 h a f t e r  applicat ion of an agar  plate containing TT to the dorsa l  sur face  of the lumbar  
segments  on the left  side. The development  of the syndrome was cha rac t e r i z ed  by r e s t l e s s n e s s  and a g g r e s s i v e -  
ness  of the an imals ,  which began to l ick the hair  on a ce r t a in  a r ea  of the hind limb. The location of this a rea  
co r responded  to the si te of applicat ion of the toxin to the spinal  cord.  It was usual ly  the l a t e ra l  surface  of the 
left  thigh. With the course  of t ime  the an imals  l icked the skin of this a rea  more  frequently and vigorously,  as 
a r e su l t  of which they los t  some  of its ha i r  cove r  and became  ulcera ted ,  often exposing the de rmis .  This a r e a  be -  
came a t r i g g e r  zone. The sl ightest  s t imulat ion,  including weak tac t i le  (touching with a b r i s t l e ,  blowing on the 
l imb, and so on), applied to this a r e a  evoked a sharp  response :  The an imals  a t tacked the l imb with a c ry ,  bit  
it angr i ly ,  and even chewed the t i s sues .  This r e sponse  was accompanied  by dilatation of the pupil, p ro t rus ion  
of the eyebal l ,  widening of the pa lpebra l  f i s sure ,  and breath  holding and other d i s turbances  of resp i ra t ion .  Be-  
s ides  these  evoked a t tacks ,  spontaneous a t tacks  with an acute onset  a lso  developed. With t ime the frequency,  
intensity, and duration of the spontaneous p a r o x y s m s  increased .  The syndrome as  a whole was cha r ac t e r i z ed  
by its ve ry  seve re  course .  

The exci ta t ion genera to r  in the do r sa l  nucleus raphe was fo rmed at different t imes  (2, 4, 6, 8, and 16 h) 
before  the fo rmat ion  of the GPEE in the p o s t e r i o r  horns of the spinal cord,  and a lso  at  the s ame  t ime .  In the 
case  of the s imul taneous  format ion  of the two gene ra to r s ,  o r  if the genera to r  in the nucleus raphe  was fo rmed 
2 h before  that in the p o s t e r i o r  horus,  no ana lges ia  developed: The pain syndrome developed just  as tn the con-  
t ro l  an imals .  If the t ime  between the two opera t ions  was 4-6 h or  m o r e ,  the sp ina lpa in  syndrome did not develop: 
The an imals  showed none of the fea tu res  desc r ibed  above but r emained  per fec t ly  quiet, and nei ther  spontaneous 
nor evoked p a r o x y s m s  developed (Fig. 2). St imulation of the a r e a s  of the left  hind l imb that had become t r i g g e r  
zones in the control  an imals  gave no response .  No spinal  pain syndrome l ikewise developed l a t e r  (in the course  
of 2 days of observat ion) .  

In five r a t s  the do r s a l  nucleus raphe was coagulated in o rde r  to des t roy  the GPEE fo rmed  in it. In one 
an imal  this  coagulation proved  to be re la t ive ly  extensive.  In this ra t ,  e radicat ion of the GPEE led to d i s a p p e a r -  
ance of the analges ia  and to the appearance  of a spinal  pain syndrome.  In two other  an imals  the coagulation 
was pa r t i a l  and the effect  t e m p o r a r y :  a f t e r  initial d i sappearance  the analges ia  reappeared .  In two ra t s  coagula-  
t ion was ineffective and the ana lges ia  pe r s i s t ed .  

The fo rmat ion  of a GPEE in the dorsa l  nucleus raphe thus gives a las t ing  and prolonged effect  of analges ia  
not only agains t  physiologica l  pain (nociceptive s t imulat ion) ,  but a l so  against  pathologibal  pain: a cen t ra l  pain 
syndrome  of spinal  origin,  c h a r a c t e r i z e d  by a v e r y  s e v e r e  course .  The fact that  the p r e l i m i n a r y  format ion  of a 
GPEE in the dorsa l  nucleus raphe  was n e c e s s a r y  for  analges ia  to develop in this las t  case  can be explained on 
the grounds that in o rde r  to suppres s  such a s eve re  syndrome,  caused by a v e r y  powerful  GPEE in the p o s t e r i o r  
horns of the spinal  cord,  the GPEE in the dorsa l  nucleus raphe had to be a l r eady  formed at the t ime  of f o r m a -  
tion of GPEE in the p o s t e r i o r  horns.  

Resul ts  of this invest igat ion ag ree  with those of a p rev ious  study [2] which showed that  e l ec t r i ca l  s t imu la -  
t ion of the dorsa l  nucleus raphe gives an analgesic  effect  against  both physiological  and pathological  pain. This 
fact conf i rms  the role  of the exci tat ion gene ra to r  in the dorsa l  nucleus raphe of the midbra in  in the or igin and 
maintenance of analges ia .  

The genera l  conclusion can be drawn f rom these  findings that the analges ia  which develops a f t e r  act ivat ion 
of ce r t a in  bra in  s t r u c t u r e s  is based  on genera to r  mechan i sms .  These  mechan i sms  can c r ea t e  the prolonged and 
intensive act ivat ion of ant inocicept ive s t r u c t u r e s  that  gives r i s e  to deep and prolonged analges ia .  

Act ivat ion of the ant inocicept ive  s t r u c t u r e s  causes  descending inhibition of lamina V neurons in the spinal  
cord  and "blocks"  the a f fe ren t  input [14], in a g r e e m e n t  with the "gate Control" theory  [17]. This  mechan i sm,  
however,  is not the only one. In the p re sen t  case ,  in the pathological  syndrome,  segmenta l  inhibi tory mechan i sms  
were  d is turbed by te tanus toxin, and GPEE format ion  was connected with this fact. This syndrome l ikewise 
does not depend on the p r e s e n c e  of an inflow of e f ferent  s t imulat ion f rom the per iphery ,  for  it developed a f t e r  
to ta l  deafferenta t ion  of the l umbosac ra l  segments  on the side of  the GPEE [3]. It can accordingly  be suggested 
that  the ana lges ia  evoked by the exci tat ion gene ra to r  in the ant inocicept ive sys tem,  in the p r e s e n t  case  in the 
do r sa l  nucleus raphe,  is due not only to "blocking" of the af ferent  input in the spinal  cord,  but a lso  to blocking 
of the conduction of exci ta t ion or  inhibition of neurons of the nociceptive sy s t em at suprasp ina l  levels .  
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DETERMINATION OF THE LOCAL MUSCULAR BLOOD FLOW 

IN THE HIND LIMBS OF DOGS DURING ELECTROLYSIS 

OF ELECTRICALLY CONDUCTING VASCULAR PROSTHESES 

PREIMPLANTED INTO THE ABDOMINAL AORTA 

L. I. V i n n i t s k i i ,  G. A. S t e p a n o v ,  
I. A. E g o r o v a ,  a n d  O. K. K a r i m o v  

UDC 616.74-005.5-092.9-07 

The peripheral blood flow in the hind limbs was studied in experiments on 25 mongrel dogs dur- 
ing electrolysis of electr ical ly conducting vascular prostheses preimplanted into the abdominal 
aorta. After restorat ion of the trunk blood flow, a positive electrical  potential of 3-4 V was 
applied to the prosthesis by means of a current  conductor. The tissue blood flow was determined 
by a radiographic method using xenon-133. The results showed that during application of the 
positive potential to the electrically conducting prosthesis the tissue blood flow in the hind limbs 
of the dogs increased, but after application of the current  stopped it fell to its initial level. R is 
concluded that to obtain a prolonged and stable increase in the tissue blood flow in the limbs of 
animals, a positive potential from a dc source must be applied continuously to the electr ical ly 
conducting prosthesis.  

KEY WORDS: local muscular blood flow; 13~Xe clearance; implantation of prosthesis into aorta.  

The limited possibilities for restoring the trunk blood flow by operative means after occlusion of the 
small a r ter ies  of the limb necessitate the constant search for new methods of improving the collateral  c i rcula-  
tion, and, in particular,  methods of overcoming spasm of the peripheral vessels and opening up a powerfnl col- 
lateral network. 
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