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Chronic experiments  using a mieroe lec t rode  technique showed that e lectr ical  st imulation 
of the infer ior  raphe nucleus inhibits thalamic unit activity,  both spontaneous and evoked 
by radial  nerve  stimulation. No changes were  found in the activity of the same neurons 
during st imulat ion of the bulbar re t i cu la r  formation.  
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During e lec t r ica l  st imulation of the central  g ray  mat te r  in ra ts  inhibition of behavioral  responses  
evoked by nociceptive st imulation is observed [8, 11]. A s imi la r  effect has been obtained in experiments on 
cats [4, 7, 9]; the s t ronges t  analgesia  is observed if the st imulating e lect rodes  a re  located in the dorsa l  raphe 
nucleus (DR). Stimulation of DR has been shown to be accompanied by inhibition of spontaneous and evoked 
activity of neurons in the fifth layer  of the dorsa l  horn of the spinal cord, and this may perhaps be one com-  
ponent of the mechanism of analgesia  [4, 5, 7, 9]. Under these c i rcumstances ,  activity of neurons of the t r i -  
geminal nuclei evoked by st imulat ion of the dental pulp also is depressed [13, 14]. It was subsequently shown 
that st imulation of the infer ior  central  raphe nucleus (CI) in cats  also causes analgesia,  to a more  marked 
degree  moreove r  than st imulat ion of DR [10]. 

This paper  descr ibes  a study of the neurophysiological  mechanism of e lectroanalgesia .  In chronic ex-  
per iments  on cats  the effect of st imulation of CI on spontaneous and evoked thalamic unit activity was studied. 

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

Pre l imina ry  operations were  pe r fo rmed  under general  anesthesia:  After p re l iminary  in t ramuscular  in- 
jection of ketamine (10-15 mg/kg) into the animal and endotracheal  intubation, anesthesia  was maintained by 
inhalation of halothane (1-1.5 vols.%). 

The ca t ' s  head was fixed in the usual way in a s tereotaxic  apparatus and the bones of the vault of the 
skull werewidely  exposed. A metal f rame (5 x5 cm) was fixed with steel screws to the skull parallel  to the 
horizontal  axis of the s tereotaxic  apparatus.  Four  depress ions  (two on each side) were  dril led on the lateral  
surfaces  of the f rame;  later ,  when unit activity was recorded  f rom the waking animal the f rame was fixed in 
the s tereotaxic  apparatus by mean of rods inser ted into these depress ions .  A mark  was made on the upper 
sur face  of the f rame and its position determined relat ive to the origin of the coordinates in J a s p e r  and Ajmone-  
Marsan ' s  atlas [6]. Coordinates for  insert ion of the microe lec t rodes  were subsequently measured  f rom this 
mark.  

A square  hole 1.5 x 1.5 cm was cut out of the cranial  bones so that the mieroe lec t rode  introduced through 
it could reach  the thalamic s t ruc tures  between frontal planes of 0 and +15 [6]. At the edges of the hole a 
plastic chamber  with a lid to prevent  injury of the exposed dura was fixed. 

Two bipolar  concentr ic  stimulating electrodes were  inser ted in accordance  with the coordinates of 
Berman ' s  s tereotaxic  atlas [3] at an angle to the ver t ica l  axis of the s tereotaxic apparatus through holes in 
the pos te r io r  par t  of the skull: one electrode into CI (P = 8.5, L = 0, H = -8 ) ,  the second 2 mm lateral ly,  into 
the s t ruc tures  of the bulbar re t i cu la r  formation.  
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A b i p o l a r  s i l v e r  e l ec t rode  was implanted  subcutaneously  into the an ima l ' s  c o n t r a l a t e r a l  ( re la t ive  to 
the  tha lamic  nucle i  to be studied) f o r e l i m b  fo r  s t imula t ion  of the supe r f i c i a l  b ranch  of the r ad ia l  nerve .  The 
leads  f rom the s t imula t ing  and r e c o r d i n g  e l ec t rodes  we re  brought out to a connecting device  on the metal  
f r a m e .  

The c o r r e c t  p lac ing  of the cen t r a l  s t imula t ing  e l ec t rodes  was ve r i f i ed  3-5 days  a f t e r  the operat ion:  The 
behav io ra l  r e s p o n s e s  of the ca t  to  s t rong  noc icept ive  s t imula t ion  (squeezing the a n i m a l ' s  paw or  tail)  we re  
r e c o r d e d  be fo re  and dur ing e l e c t r i c a l  s t imula t ion  of the cen t r a l  s t r u c t u r e s .  Square pu l ses  0.5-5 V in a m -  
pl i tude,  0.2 msec  in dura t ion ,  and with a f requency  of 50-300 Hz were  appl ied continuously fo r  s t imula t ion .  In 
a l l  an ima l s  s t imula t ion  of CI was accompanied  by comple te  ana lges ia ;  no ana lges i a  was p r e s e n t  dur ing s t i m u -  

la t ion  of the bu lba r  r e t i c u l a r  fo rmat ion .  

During the expe r imen t s  c en t r a l  s t r u c t u r e s  were  s t imula ted  by s e r i e s  of the s a m e  pulses  as we re  used  
to t e s t  the c o r r e c t  p lac ing of the e l ec t rodes .  The dura t ion  of the s e r i e s  was 30-50 msec  and in t e rva l s  between 
them 2 sec .  This  s t imula t ion  caused  no changes in the an imals  behavior .  

The s u p e r f i c i a l  b ranch  of the r ad i a l  nerve  was s t imu la t ed  by s ingle  pu l ses  0.2 msec  in dura t ion  and with 
an ampl i tude  of 0.5-1.5 V. In some expe r imen t s  weak movements  of the t ip  of the c a t ' s  l imb appea red  in r e -  
sponse  to s t imula t ion  of the r ad i a l  nerve .  The in t e rva l  between conditioning (the l a s t  pu l se  of  the s e r i e s  for  
s t imu la t ion  of the cen t r a l  s t r u c t u r e s )  and tes t ing  ( radia l  ne rve  s t imulat ion)  s t imul i  was 10-30 msec .  

Tha lamic  unit  ac t iv i ty  was r e c o r d e d  by means  of g l a s s  m i c r o e l e c t r o d e s  f i l led  with po ta s s ium ch lo r ide  
solut ion and Pon tamine  blue,  with a r e s i s t a n c e  of 7-11 Mf~. The e l ec t rodes  were  i n se r t ed  in acco rdance  with 
coord ina tes  of J a s p e r  and A j m o n e - M a r s a n ' s  s t e r eo t ax i c  a t l as  [6] with the addit ions of Rober t son  and Rinvik 
[12]. Spike d i s c h a r g e s  w e r e  r e c o r d e d  on s t i l l  and mo t ion -p i c tu r e  f i lm f rom osc i l l o scope  s c r e e n s  and a l so  

on magnet ic  tape fo r  subsequent  compu te r  ana ly s i s .  

Expe r imen t s  we re  c a r r i e d  out on 5 ca t s  and 28 m i c r o e l e c t r o d e  t r a j e c t o r i e s  were  ve r i f i ed  h i s to log ica l ly .  

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

Act iv i ty  of 165 neurons  was r e c o r d e d  before ,  dur ing,  and a f t e r  cen t r a l  s t imula t ion .  During s t imu la t ion  
of CI the ac t iv i ty  of 89 c e l l s  was unchanged and the spontaneous ac t iv i ty  of 51 ce l l s  was s u p p r e s s e d ,  A d e -  
p r i m i n g  effect  was o b s e r v e d  in the c o u r s e  of 100-300 msec  f rom the end of the s e r i e s  of pu l ses .  In 7 c a s e s  
spontaneous ac t iv i ty  was r e s t o r e d  1-2 min a f t e r  the end of s t imula t ion .  Sixteen ce l l s  responded  by i n c r e a s e d  
ac t iv i ty  to  s t imu la t ion  of CI. Changes in the ac t iv i ty  of nine ce i l s  we re  more  complex  in c h a r a c t e r :  A pe r iod  
of i n c r e a s e d  ac t iv i ty  was followed by inhibit ion.  The r e s u l t s  of s t imula t ion  of CI on unit ac t iv i ty  of the t h a l a -  

mic  nucle i  a r e  s u m m a r i z e d  in Table  1. 

In the group of neurons responding  by inhibi t ion of spontaneous ac t iv i ty  to s t imula t ion  of CI' 14 responded  
to s t imula t ion  of the r ad i a l  nerve .  The la ten t  p e r i o d  of r e s p o n s e s  of 12 neurons was 17-25 msee .  During s t i m -  
u la t ion  of CI comple te  inhibi t ion of t h e i r  evoked ac t iv i ty  was obse rved  (Fig.  1A). The r e s p o n s e s  of two neurons  
with la ten t  pe r iods  of 8 and 11 msec  in the p o s t e r i o r  ven t r a l  nucleus were  reduced on account  of the l a t e r  

d i s c h a r g e s .  

TABLE 1. Effect  of St imulat ion of CI on 
Unit Ac t iv i ty  of Tha lamic  Nuclei  

Number of neurons tested 
Nameof number I inhibi- istrength-J 
nucleus of spon- I tion of iening I "mixed" 

taneous , evoked ]ot sponta-] effect 
activity activity I nr ac-i J tivity 

Pulv. 8 2 --  ! 7 SG t 1 3 1 1 
Gbl-mc 17 3 1 1 

7 3 
VP 2 --  --  
CL 

VA 5 3 --  --  1 
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Fig. 1. Effect  of e lec t r i ca l  s t imula t ion  of  in fe r io r  cent ra l  
raphe  nucleus and magnoce l lu l a r  tegmenta l  field on spontane-  
ous and evoked act ivi ty  of two neurons  (A and B) in ven t ra l  
l a t e ra l  tha lamic  nucleus.  Discharges  Of neurons  depicted by 
do t -d i sp lay  method. Osc i l loscope  beam moved a c r o s s  s c r e e n  
f rom left  to r ight  and f r o m  bot tom to top success ive ly .  A r -  
row m a r k s  s t imulat ion of super f ic ia l  b ranch  of rad ia l  ne rve  
by s ingle  pulses  (1.2 V, 0.2 msec) .  CI) M a r k e r  of s t imulat ion 
of in fe r io r  cen t ra l  r aphe  nucleus (duration of s e r i e s  of pulses  
40 m s e c ,  vol tage of each pulse  3 V, durat ion 0.2 msee) .  FTM) 
Marke r  of s t imula t ion  of magnoce l lu la r  tegmenta l  f ield (pa- 
r a m e t e r s  of s t imula t ion  the s a m e  as for  CD. 

Neurons  responding to s t imula t ion  of CI were  located in the pulvinar  (Pulv.), the supragenicu la te  nucleus 
(SG), in the magnoce l lu l a r  p a r t  of the medial  genicula te  body (GM-mc),  and in the  p o s t e r i o r  l a te ra l  (LP), p o s -  
t e r i o r  ven t ra l  (VP), cen t ra l  l a t e r a l  (CL), ven t ra l  l a t e ra l  (VL), and ven t ra l  an t e r i o r  (VA) nuclei of the tha lamus .  

Stimulation of the bulbar  r e t i c u l a r  fo rma t ion  l a te ra l ly  to CI did not affect  spontaneous or  evoked act ivi ty  
of the neurons tes ted  (Fig. 1B). 

Radial  ne rve  s t imula t ion  as used in these  expe r imen t s  caused no nocicept ive r e sponses  in the an imals .  
It  is t h e r e f o r e  imposs ib l e  to conclude that  s t imulat ion of CI in these  exper imen t s  blocked the t r a n s m i s s i o n  of 
nocicept ive  impulses .  However ,  the poss ib i l i ty  cannot be ruled out that  act ivi ty  of tha lamic  neurons  evoked 
by nocicept ive  s t imula t ion  may  also have been d e p r e s s e d  by s t imulat ion of CI. 

Inhibition of evoked act ivi ty  of the tha lamic  neurons  during s t imulat ion of CI could be the r e su l t  of 
s t rengthening of inhibi tory influence on the act ivi ty  of spinal  neurons  par t ic ipa t ing  in the conduction of a f fe ren t  
impulses .  The depr iming  effect  of e l ec t r i ca l  s t imula t ion  of DR on spontaneous and evoked unit act ivi ty in 
the spinal  cord  has been demons t r a t ed  by other  worke r s  [4, 5, 7, 9]. Beall et al. [2] showed that during s t imu-  
lat ion of n. r aphe  magnus (par t  of CI) act iv i ty  of neurons of the sp inotha lamic  t r a c t  in the f i r s t  l aye r  of the 
dorsa l  horn  of the spinal cord  is inhibited. The ana tomica l  subs t r a t e  fo r  influence of this type is evidently 
f o rmed  by descending f ibe r s  or ig inat ing in CI and running to the f i r s t ,  second, and fifth l aye r s  of the p o s t e r i o r  
horn of the spinal  cord  [1]. Another  poss ib i l i ty  is that  the inhibi tory influence may  be rea l ized  at the s u p r a -  
spinal  level.  
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The region of the bulbar r e t i cu la r  format ion  st imulation of which in the p resen t  exper iments  did not 
cause  analgesia and did not affect  thalamic unit activity cor responds  to the magnocel lular  tegmental  field 
(FTM) in Berman ' s  nomencla ture  [3]. It was t he re fo re  decided to compare  the effect  of s t imulat ion of CI 
and of other  s t ruc tu res ,  during st imulat ion of which analges ia  also develops.  F o r  this purpose,  st imulating 
e lec t rodes  were  implanted into DR (P = 0.2, L = 0, H = -0 .5 )  of one of the animals.  According to some workers  
[4, 5, 7, 9], s t imulat ion of this nucleus in cats  is accompanied by marked analgesia.  In the p resen t  exper i -  
ments the responses  of the thalamic neurons to st imulation of DR were  identical with changes in activity ob- 
se rved  during s t imulat ion of CI. If no changes took place during st imulat ion of CI, st imulation of DR also was 
ineffective.  

The resu l t s  thus indicate that changes in act ivi ty of some cells  of the thalamic nuclei a re  observed dur -  
ing st imulation of CI, and that the predominant  changes a re  inhibition of spontaneous and evoked activity.  

L I T E R A T U R E  C I T E D  

1. A . I .  Basbaum, N. J. E. Marley,  J. O'Keefe,  et al.,  Pain, 3_ 43 (1977). 
2. J . E .  Beall, R. F. Martin, A. E. Applebaum, et al.,  Brain  Res.,  1!4, 328 (1976). 
3. A . N .  Berman,  The Brain  Stem of the Cat; a Cytoarchi teetonic  Atlas with Stereotaxic  Coordinates,  Mad- 

ison (1968). 
4. G. Guilbaud, J. M. Besson, J. C. Liebeskind,  et al., C. R. Acad. Sci. (Paris) ,  275, 1055 (1972). 
5. G. Guilbaud, J. M. Besson, J. L. Ol iveras ,  et al.,  Brain Res. ,  61__, 417 (1973). 
6. H . H .  J a s p e r  et al.,  A Stereotaxic  Atlas of the Diencephalon of the Cat, Ottawa (1954). 
7. J . C .  Liebeskind,  G. Guilbaud, J .  M. Besson,  et al., Brain  Res. ,  5_~0, 441 (1973). 
8. D . J .  Mayer ,  T. L. Wolfe, H. Akil, et al,,  Science, 174, 1351 (1971). 
9. J . L .  Ol iveras ,  J. M. Besson, G, Guilbaud, et al., Exp. Brain  Res. ,  2_00, 32 (1974). 

10. J . L .  Ol iveras ,  F. Redjemi,  G. Guilbaud, et  al., Pain, 1_ 139 (1975). 
11. D .V.  Reynolds, Science,  164, 444 (1969). 
12. R . T .  Rober tson and E. Rinvik, Bra in  Res. ,  51__, 61 (1973). 
13. M. Sasa, K. Munekiyo, and S. Takaor i ,  Brain Res. ,  101, 199 (1975). 
14. B . J .  Sessle ,  R. Dubner, L. F. Greenwood, et al., Can. J .  Physiol .  Pharmaeol . ,  54__, 66 (1976). 

P A T T E R N  O F  S P R E A D  OF  E X C I T A T I O N  F R O M  T H E  V E N T R O M E D I A L  

H Y P O T H A L A M U S  TO L I M B I C O - R E T I C U L A R  B R A I N  S T R U C T U R E S  

E .  V.  K o p l i k  UDC 612.826.4:612.826.2 

The o rde r  of appearance  of evoked potentials in di f ferent  par t s  of the septum, amygdala,  
and re t i cu la r  format ion  in r e sponse  to gradually increas ing s t imulat ion of the vent romedia l  
nucleus of the hypothalamus was studied. Excitat ion ar is ing  p r imar i l y  in the vent romedia l  
nuclei  of the hypothalamus was shown to spread  initially to s t ruc tu re s  of the septum and 
ro s t r a l  r e t i cu la r  formation,  and only la te r  to the more  caudal regions of the r e t i cu la r  f o r m a -  
tion and amygdala.  

KEY WORDS: hypothalamus; l i m b i e o , r e t i e u l a r  s t ruc tu res ;  evoked potentials.  

In the modern  view [2, 5-7], the so-ca l led  s tat ic  emotional excitat ions a re  the neurophysiological  basis  
of s table a r t e r i a l  hyper tension.  These  excitat ions a re  fo rmed  by s t ruc tu re s  of the l imb ico - re t i cu l a r  complex, 
among which the cent ra l  ro le  is played by the hypothalamic region [1, 2, 8]. 
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