
R O L E  O F  S E N S O R Y  S T I M U L I  I N  T H E  F O R M A T I O N  

O F  C O R T I C A L  E F F E C T S  O N  H Y P O T H A L A M I C  

S T R U C T U R E S  

V.  Lo T s a t u r o v  a n d  R.  A .  D u r i n y a n  UDC 612.825:612.826.4 

Unit d i scharges  were  recorded  in the ven t romedia l  and p o s t e r i o r  hypothalamic nuclei of im-  
mobil ized cats  during e lec t r i ca l  s t imulat ion of the ips i l a te ra l  and con t r a l a t e ra l  ne rves  of the 
b rach ia l  plexus,  soma tosenso ry  a r ea s  I and II (SI and SH) of the visual  cor tex ,  and the m e s -  
encephalic r e t i cu la r  format ion.  Revers ib le  cold block of a r e a s  SI and SII did not change the 
effects  of nerve  st imulat ion.  Stimulation of the pos t e roven t ra l  thalamic nucleus did not 
change spontaneous act ivi ty during s t imulat ion of SII. Cor t ica l  influences on hypothalamic 
s t ruc tu re s  a r i s ing  during s t imulat ion of ne rves  and the pos t e roven t ra l  thalamic nucleus a r e  
thus mild in degree .  
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In the modern  view [1, 14, 19, 21] cor t ico-hypotha lamic  in te r re la t ions  fo rm the neurophysiological  
bas i s  of var ious  types of mot ivated behavior  as well  as of unconditioned responses  a r i s ing  by a conditioned- 
ref lex mechan i sm in the sphere  of autonomic regulat ion.  The re t i cu la r  format ion  and also a group of s t ruc -  
tures  col lect ively known as the l imbic sys t em [6, 11] par t ic ipa te  d i rec t ly  in cor t ico-hypotha lamic  interact ion.  
However,  the c e r e b r a l  cor tex  and hypothalamus,  together  with the r e t i cu l a r  formation,  a re  apparent ly  the 
initial  components  of p r o c e s s e s  mani fes ted  ex terna l ly  as var ious  behaviora l  and regula tory  ac ts .  Substan- 
tial p r o g r e s s  has now been made in the study of the neuronal  mechan i sms  of ascending hypothalamic influ- 
ences on the cor tex  [1, 4, 10, 11]. However,  despite  neuroanatomica l  [2, 8, 19, 21, 24] and neurophysio log-  
ical  [3, 15-17, 24] data on the exis tence of d i r ec t  and polysynaptic  connections between the c e r e b r a l  cor tex  
and hypothalamus,  the functional sigaaificance and the role  of these connections have sti l l  rece ived little 
study. 

The object of the p r e s en t  investigation was to de te rmine  whether  a f ferent  s t imul i  t rave l ing  to the p r o -  
jection a r ea s  of the cor tex  can par t ic ipa te  in the format ion  of cor t i ca l  influences on single neurons of the 
ven t romedia l  and pos t e ro l a t e r a l  hypothalamic nuclei and to de te rmine  the c h a r a c t e r  of those effects .  

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

Cats were  immobi l ized  with listhenon. Single-unit  r e sponses  were  recorded  in the ven t romedia l  
(VMN) and p o s t e r i o r  (PHN) hypothatamic nuclei to s t imulat ion of nerves  of the r ight  and left b rach ia l  p lex-  
uses ,  the pos t e roven t r a l  thalamic nucleus (PVN), soma tosenso ry  cor t ica l  a r e a s  I and II (SI and SII), and the 
mesencephal ic  r e t i cu la r  format ion  (RF). Revers ib le  cold blocking of a r e a s  SI and SII was produced by 
spraying the c o r t i c a l  sur face  with ethyl chloride.  

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

Responses  of 72 single units were  recorded  in the region of VMN and PHN, 70% of them cha rac t e r i zed  
by spontaneous act ivi ty  with a d ischarge  f requency of 1-2 to 10-12/sec.  The re s t  of the neurons  responded 
to s t imulat ion by one or more  d i scharges  with a latent per iod of not l ess  than 12-14 msec  and not m o r e  than 
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Fig. 1. Unit r e sponses  of 
r igh t  hypothalamic VMN to 
e l ec t r i ca l  s t imulat ion:  a,  b, 
f) s t imulat ion of a r e a  SII of 
right hemisphere ;  c, e) ne rves  
of left ,  and d) ne rve s  of r ight  
b rach ia I  p lexuses;  g) of v i s -  
ual cortex;  h) mesencepha l ic  
r e t i cu l a r  format ion .  T ime  
m a r k e r  25 m s e c .  

30-35 m s e c .  Some (40%) of the spontaneously act ive  neurons responded 
to s t imulat ion of ne rve s  of the b rach ia l  plexus and of a r e a  SII by an in- 
c r e a s e  or  dec r ea se  in d i scharge  f requency (Fig. la ,  b). However ,  r e -  
sponses  of these neurons to nerve  s t imulat ion remained  unchanged 
during cold blocking of a r e a  SII, They l ikewise did not respond to s t im-  
ulat ion of thalamic PVN with an intensi ty  sufficient to induce evoked 
potent ia ls  in the ips i l a t e ra l  p ro jec t ion  a r e a s  SI and SII. 

Some neurons responded only to s t imulat ion of ne rves  (Fig. l c ,  
d), o thers  responded both to e l ec t r i ca l  s t imulat ion of tl~e nerve  (Fig. 
le) and to s t imulat ion of a r e a  SII (Fig. i f ) .  

Evoked responses  of six hypothalamic neurons  were  also r e c o r -  
ded during s t imulat ion of the visual  cor tex  (Fig. lg).  These  neurons  
did not show convergent  p r o p e r t i e s  and the i r  r e sponses  were  ch a r ac -  
t e r ized  by a compara t ive ly  long latent  per iod (30-40 m s e c L  Stimula-  
tion of mesencepha l i c  RF had a mainly  inhibitory effect  on the spon- 
taneously act ive neurons ,  and only a few c e l l s  showed an inc rease  of 
the spontaneous d ischarge  f requency (Fig. lh).  Stimulation of m e s e n -  
cephalic RF under  these conditions did not lead to the appearance  of 
any effects  of s t imulat ion of the thalamic PVN. 

The latent  per iod of r e sponses  of the hypothalamic neurons 
evoked by s t imula t ion  of a r e a  SII (14-18 msec)  indicates  that these r e -  
sponses  have polysynapt ic  pathways.  Poss ib ly  cor t i ca l  influences on 
hypothalamic neurons observed  in the p r e sen t  exper imen t s  during d i -  
r e c t  s t imula t ion  of a r e a  SII a re  media ted  through the pos t e ro l a t e r a l  nu- 
clei .  The amygda la r  nuclei in which, as some worke r s  [13, 18] have 
found, evoked potent ials  a re  c l ea r ly  r ecorded  during s t imulat ion of 
a r e a  SII and a lso  of thalamic PVN, cannot be ruled out as par t ic ipants  

in the mechan i sm of the cor t i co -hypo tha lamic  effects .  It has been conclusively es tab l i shed  [9, 20, 22, 23]" 
that the a m y g d a l a r  nuclei have wel l -developed two-way ana tomica l  connections with the ven t romedia l  hypo- 
tha lamic  nuclei .  The p rob l em  of the actual  in te rmedia te  s t r uc tu r e s  t r ansmi t t ing  cor t ica l  effects  to the hy-  
potha lamic  s t r u c t u r e s ,  e spec ia l ly  f rom a r e a  SII, is of cons iderable  in te res t  and its study is being planned 
in the n e a r  future.  

F rom the point of view of the object  of the p r e sen t  investigation the mos t  impor tan t  r esu l t s  a r e  the 
negative resu l t s  of genera t ion  of cor t ico-hypothalamic  influences in r e s p o n s e  to s t imulat ion of the pe r iphe ra l  
ne rves  and PVN. However ,  during s t imulat ion of t h i sk ind  cor t i ca l  effects  on hypothalamic s t r u c t u r e s  mus t  
neve r the le s s  be cons idered  to a r i s e ,  but they a r e  evidently below the threshold requi red  to exci te  or  to s ig-  
nif icantly modify spike act ivi ty  of the hypothalamic neurons .  This  explanation s e e m s  v e r y  l ikely if the in- 
ves t iga t ions  of IIusinov [7] a re  recal led;  these showed that p rev ious ly  indifferent  acoust ic  or  photic s t imul i ,  
a f t e r  compa ra t i v e l y  weak e l ec t r i ca l  po lar iza t ion  of hypothalamic s t ruc tu re s ,  a re  capable of inducing changes 
in r e sp i r a t i on  and card iac  act ivi ty that were  not observed  before  polar iza t ion .  

The poss ib i l i ty  of inducing cor t ica l  effects  on hypothalamic s t ruc tu re s  by d i rec t  s t imulat ion of a r e a  
SII and the inabil i ty of cor t icopeta l  a f fe ren t  s t imuli  (during s t imulat ion of thalamic PVN) to cause  the gen- 
e ra t ion  of these influences a re  a lso  evidence of the poss ib le  weakness  of se lec t ive  re laying  p r o c e s s e s  in 
cor t i ca l  neurons .  Bes ides  the f a c t o r s  lowering the thresholds  of exci tabi l i ty  of hypothalamie  neurons ,  the 
role  of ascending hypo tha lamo:cor t i ca l  influences,  which evidently faci l i ta te  or  potent iate  re laying p r o c e s s -  
es,  mus t  a lso  be taken into account.  The impor tance  of this fac tor ,  as the work  of Hori  [5, 12] has shown, 
is pa r t i cu l a r l y  c l ea r ly  seen  in condit ioned-ref lex changes in unit ac t iv i ty  during i n t r a c e r e b r a l  s t imulat ion.  
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