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mic roc i r cu l a t i on  of the m e s e n t e r y  and skeletal  musc les ;  p r e s s o r  r e sponse .  

No definite exper imenta l  data have yet been obtained on the role  of the nervous  sys t em in the regulat ion 
of the mic rohemodynam i cs .  The difficulty of the p rob lem is that  the m i c r o c i r c u l a t o r y  component  of  the hemo-  
dynamic s y s t e m  is, on the one hand, a sufficiently autonomous sy s t em capable of  se l f - rega la t ion ,  whereas  on 
the o ther  hand, it includes in its s t ruc tu re  the nerve  f ibers  which connect  the m i c r o c i r c u l a t o r y  sy s t em with 
the cen t ra l  por t ions  of the sympathe t ic  and pa ra sympa the t i c  sy s t ems ,  and in this connection it can be a s su med  
that the intluence of the CNS is not r e s t r i c t e d  to m e c h a n i s m s  leading to changes in sys t emic  a r t e r i a l  p r e s s u r e  
(AP). Influences f rom the sympathe t ic  nervous  sy s t em leading to changes in cap i l l a ry  pe rmeab i l i ty  and to 
local  changes in the blood supply to individual regions  of the m i c r o e i r c u l a t o r y  sys t em,  and so giving r i se  to 
cons iderable  pathological  d i s turbances  in those reg ions ,  a lso are  in teres t ing .  

Since the diencephalon and, in pa r t i cu la r ,  the hypothalamus is cons idered  to be the cen te r  for  ca rd io -  
va scu l a r  regulat ion,  it mus t  be expected that  e l ec t r i ca l  s t imulat ion of the hypothalamic nuclei would evoke con-  
s ide rab le  r e s p o n s e s  of the pe r iphe ra l  blood ves se l s ,  not n e c e s s a r i l y  connected with changes in AP.  On the 
bas i s  of these  hypotheses  and the r e s u l t s  of  the f i r s t  s tudies of nervous  regulat ion of the mic roc i r cu l a t i on  [4], 
it was decided to study the dynamics  of m i c r o c i r c u l a t o r y  changes in the m e s e n t e r y  and skeletal  musc l e s  of 
r a t s  in r e sponse  to s t imulat ion of the hypothalamic nuclei ,  in co r re la t ion  with the response  of the sys t emic  A P. 

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

Acute expe r imen t s  were  c a r r i e d  out on 20 Wis ta r  r a t s  weighing 250"  30 g anes thet ized with pentobarbi ta l  
(50 m g / k g  in t ramuscu la r ly ) .  The hypothalamic nuclei were  s t imula ted  through bipolar  n ichrome e lec t rodes  
(d iameter  200 #) by a s e r i e s  of square  pulses  (0.5 m s e c ,  80 Hz, 10-25 V) for  10-45 sec,  the e l ec t rodes  being 
introduced into the brain  s t r u c t u r e s  para l le l  to one another ,  taking s te reo tax ic  coordinates  f rom an a t las  of 
the r a t ' s  bra in  [5, 8]. By intravi tal  m i c r o s c o p y  in t r ansmi t t ed  light, changes in the d i a m e t e r  of  the blood 
ve s se l s  and the s ta te  of  the blood flow were  studied in blood ve s se l s  f rom 250 to 5 # in d i ame te r  in the m e s e n -  
t e r y  and the in fe r ior  par t  of the t r apez ius  m usc l e  in ra t s .  The sys temic  AP was r eco rded  through a ca the te r  
in the carot id  a r t e ry .  Synchronizat ion of the s t imulat ion m a r k e r  and mic ro f i lming  enabled the m i c r o c i r c u l a t o r y  
changes obse rved  in r e s pons e  to hypothalamic s t imulat ion to be c o r r e l a t e d  with the dynamics  of A P and card iac  
act ivi ty.  The location of the e l ec t rodes  in the brain was ver i f ied  his tological ly a f te r  the exper iment ,  using the 
a t l a s  of the r a t ' s  bra in  as a guide. 

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

Stimulation of the ven t romedia l  hypothalamic nucleus gave r i s e ,  a f te r  a shor t  la tent  per iod (0-1 sec) to 
a p r e s s o r  r e sponse  with m a x i m a l  e levat ion of AP in the c o u r s e  of 3-10 sec; the sys to l ic  p r e s s u r e  r o s e  by a 
g r e a t e r  degree  than the diastol ic  during the f i r s t  5-16 sec of s t imulat ion:  AAP s was 51 �9 11 m m  Hg and AAP d 
was 34 :~ 10 Into Hg (Fig. LA). The p r e s s o r  r e sponse  continued throughout the per iod of s t imulat ion.  C o r r e -  
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Fig. 1. Dynamics of changes in AP and ra ic roc i rcu la to ry  sys tem in response  to s t imula-  
tion of various hypothalamic nuclei in ra t s .  A) - F r o m  top to bottom - a r te r ia l  p ressure ;  
bold line - period of stimulation (25 V; 80 Hz; 0.5 msec);  numbers  1-5 cor respond to 
t imes  of raicrofilraing. Time m a r k e r  (in sec). B, C) Photomicrographs  of mesen te r ic  
vessels ;  D) vessels  of skeletal muscle:  1) before beginning of stimulation; 2-4) during 
hypothalamic stimulation; 5) af ter  end of stimulation. 

spoading to the p r e s s o r  response ,  5-10 sec after the beginning of stimulation, c lea r  constr ic t ion (by 32 �9 10%) 
of the sraall a r t e r i e s  of the raesentery  250-90 # in d iameter  (Fig. 113), and gradual slowing and stoppage of the 
blood flow in the ra ic rovesse ls  of the mesen te ry  70-10 p in diameter ,  with no change in their  d iameter  (Fig. 
1C), were observed.  In response  to stimulation of the central  hypothalamus, changes in the blood volume in 
the m i c r o v e s s e l s  were  observed in the t rapezius  muscle  of the same animal,  with dilatation o r  constr ic t ion of 
the i r  lumen respect ively  and opening of capi l lar ies .  Meanwhile, during stimulation of the pos te r ior  hypothala- 
raic nucleus a marked  r i se  in AP,  with a more  evident systolic component (AAP s + 68 �9 18 ram Hg, AAPd+44 • 
15 tara Hg), coincided in t ime with dilatation by 39 �9 10% of the mic rovesse l s  5-40 p in diameter  in the skeletal 
muscle ,  and with an increase  in the volume of blood in thera (Fig. 1D). 

The mos t  charac te r i s t i c  response  to st imulation of the la tera l  hypothalamus was a depresso r  response  
with a m o r e  raarked diastolic coraponent (~AP s - 1 8  �9 3 ram Hg, ~APd - 3 3  • 8 ram Hg), and stimulation of the 
dorsa l  par t  of the la tera l  hypothalamus evoked a purely depressor  response .  If the stimulating electrode was 
loca ted  in the ventral  part  of the la tera l  hypothalamus, however,  a b[phasic response  of AP was obtained: a 
rapid r i s e  followed by a fall. During stimulation of the la tera l  hypothalamus constr ic t ion of the small a r t e r i e s  
and gradual  slowing and stoppage of the blood flow in the mic roves se l s  were observed in the raesenter ic  m i c r o -  
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c i r cu l a to ry  network,  but these  r e s p o n s e s  were  obse rved  compara t i ve ly  l e s s  f requent ly  than during s t imulat ion 
of the cen t ra l  pa r t  of the hypothalamus.  In the r a t  t r apez ius  musc le  no significant  changes could be found in 
r e sponse  to s t imulat ion of the l a te ra l  hypothalarnus.  

The initial phase  of the m i c r o c i r c u l a t o r y  r e s p o n s e  to s t imulat ion of different  zones of the hypothalamus,  
cor responding  in t ime  to the beginning of the r i s e  in AP,  was mani fes ted  as a t r ans i en t  acce le ra t ion  of the 
blood flow in the v e s s e l s  under  the m i c r o s c o p e .  

The r e su l t s  of th is  invest igat ion thus demons t ra t e  that  e l ec t r i ca l  s t imulat ion of hypothalamic s t r u c t u r e s  
evokes  different  types  of changes in A P, l a rge ly  depending on the nucleus in which the s t imulat ing e lec t rodes  
were  si tuated.  In expe r imen t s  of  a s i m i l a r  type on r a t s  under  pentobarbi ta l  anes thes ia ,  the s ame  th ree  d i f fe r -  
ent types  of change in sys t emic  AP was found during different ial  s t imulat ion of the diencephalic s t r u c t u r e s ,  
with no change in the pulse  p r e s s u r e  o r  ca rd iac  rhythm [6, 7]. In the p r e sen t  exper imen t s  at the beginning of 
the p r e s s e r  r e s p o n s e  we obse rved  t r ans i en t  acce l e ra t ion  of the blood flow in the m i c r o v e s s e l s  of  the m e s e n t e r y  
and ske le ta l  m u s c l e s .  I t  can be tenta t ively  suggested that  this acce l e ra t ion  was due to an i nc rea se  in ca rd iac  
output as  the r e su l t  of the posi t ive  inotropic effect  on the hea r t .  The ca rd iac  f requency of the ra t  was un-  
changed in ou r  expe r imen t s  a lso ,  but the p~Ise p r e s s u r e  d i f ference  was inc reased .  Changes  ~n the m i c r o c i r c u -  
l a t o ry  s y s t e m  in r e s pons e  to s t imulat ion of the hypothalamic nuclei  were  m o r e  uni form in type.  I r r e s p e c t i v e  
of  the r e sponse  of the AP in the m i c r o c i r c u l a t e r y  network to s t imulat ion,  a b r i e f  acce le ra t ion  of the blood flow, 
followed by its slowing or  even comple te  a r r e s t ,  were  r eco rded ,  with no change in the d i a m e t e r  of  the m e s e n -  
t e r i c  m i c r o v e s s e l s ,  but with m a r k e d  cons t r ic t ion  of the smal l  a r t e r i e s .  Contrac t ion  of these  ve s se l s  is ev i -  
dently an impor tan t  component  in the p r e s s e r  r e sponse  of AP.  

When the exper imenta l  data a r e  analyzed and compared  with those  of p rev ious  invest igat ions in which 
pe r iphe ra l  pa r t s  of the sympathe t ic  s y s t e m  were  s t imula ted  [1, 3], it m u s t  be emphas ized  that  it is  a t  the level  
of the deep brain  s t ruc tu r e s  that,  because  of the r i chnes s  of  the in terneuronal  connections,  exc i ta to ry  p r o c e s s e s  
m a y  be fo rmed  that  a re  r ea l i zed  at the level  of  the mic roc i r cu l a t i on  in the fo rm of d is turbance  of the tone of 
individual reg ions  of the m i c r o c i r c u l a t o r y  sys t em,  m o r e  o r  l e s s  local  d i s tu rbances  of permeabi l i ty ,  and so on. 
Recent ly  published data a r e  evidence of the unique speci f ic i ty  of the r e sponse  of the m i c r o c i r c u l a t o r y  network 
to s t imulat ion of pa r t s  of the CNS and of the poss ibi l i ty  of s epa ra t e  act ivat ion of m e t a r t e r i o l e s  and p r e c a p i l -  
l a ry  sph inc te r s  during s t imulat ion of the r e t i c u l a r  fo rmat ion  and ven t romedia l  tha lamic  nucleus in r a t s  [2]. 
Neve r the l e s s ,  in our  ovn~ expe r imen t s  we did not detect  any specif ic  r e s p o n s e s  in the dynamic cour se  of  the 
m i c r o c i r c u l a t o r y  changes in the r a t  m e s e n t e r y  which dif fered f rom re sponses  to s t imulat ion of the pe r iphe ra l  
portion of the sympathetic system, 
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