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Responses  of neurons in the anter ior ,  middle, and pos te r io r  hypothalarnus to e lectr ical  s t im-  
ulation of the aor t ic  nerve were studied. Two groups of neurons were distinguished in the 
p r e s s o r  zones of the hypothalamic region. Changes in the discharges  of one group of neurons 
preceded a fail of a r t e r i a l  p r e s su re  in response  to stimulation of the aor t ic  nerve. Changes 
in act ivi ty of the other group of neurons occur red  after  the fall of blood pressure .  It is con- 
eluded that excitation evoked by stimulation of the aor t ic  depresso r  nerves  and afferent  
influences from the ba rorecep tors  of the blood vesse ls  ar r iv ing during the dep res so r  response  
spread to neurons of the supraoptic,  paravent r icu lar ,  and ventromedial  nuclei of the hypothal- 
arnus, the an te r io r  and lateral  hypothalarnic field, and the supramami l l a ry  region. 
KEY WORDS: aort ic  nerve; afferent  irnpulsation; hypottmlarnus; spike activity; blood p ressure .  

Numerous investigations have shown that e lect r ical  stimulation of various par ts  of the hypotha[amic 
region evokes pres sor  and depressor  responses  [1, 5, 6, 8, 12, 14, and others ]. Afferent impulsation from the 
baro receptors  of the carot id sinus, reaching the medulla via He ring' s nerve, has been shown to t ravel  upward along 
the brain  stem to s t ruc tures  of the central  nervous sys tems  (CNS), includtngthe hypothalamus [2-4, 15, 16, 19, 
~ol. 

However, the question of project ions of afferent excitation f rom the harorecep tors  of the aor t ic  a rch  to 
different par ts  of the hypothalamus has not yet been settled. It was accordingly  decided to study the spread of 
afferent  excitation of the aor t ic  nerve to the var ious  par ts  of the hypothalarnic region. 

EXPERIMENTAL METHOD 

Acute experiments were carried out on 59 rabbits of both sexes weighing 2.5-4 kg fixed in, a stereotaxic 

apparatus. The effect of stimulation of the ipsilateral aortic nerve on unit activity was studied in various parts 

of the hypothalarnus as the rnicroelectrode was inserted. Unit activity was derived extracellularly by means 

of glass rnicroelectrodes filled with 3 M KCI solution and recorded on a Biophase-IV (Alvar Electronic) four- 

beam cathode-ray oscilloscope. At the end of the experiment the character of the influence of each point of 

the hypothalarnus where unit activity was recorded on the level of the arterial blood pressure was examined. 

This was done by stimulating that point through a bipolar electrode (distance between the uninsulated tips 

0.3 rnrn). Insertion of the micro- and rnacroelectrodes into the chosen points of the hypothalarnus was carried 

out in accordance with the coordinates of a stereotaxic atlas [18] by means of a special guiding socket fixed 

with a solution of phosphate cement to the cranial bones. The blood pressure in the common carotid artery was 
recorded by means of a "Barovar" electrornanorneter. 

To assess the responses of the hypothalarnic neurons poststirnulus histograms of the distribution of the 
number of spikes were plotted. 
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T A B L E  1. E f fec t  of  S t imu la t i on  of A o r t i c  N e r v e  on 
Unit  A c t i v i t y  in V a r i o u s  P a r t s  of the  H y p o t h a l a m u s  

Region of Total Total Increase [ - 
number of number ol in frequen- [inhibition 

respond- cy of [of initial hypothalamus neurons ing initial activity 
tested neurons activity 

Region of supra- 
optic nucleus 29 6 (20,7) --  6 (20,7) 

7 (24,1) i (3,5) 

Region of 
paraventricular 2 (20) --  2 (20) 
nucleus ~ 2 (20) __ 

Anterior hypo- 
thalamic 2 (28,6) - -  2 (28,6) 
field ~ "-[ (14,3) 

Region of ventro 
medial 8 (25,8) 3 (9,7) 5 (16,1) 
nucleus ~ 5 (16,1) 1 (3,3) 

Lateral hypo- 

thalamic 5 (23,8) 3 (14,3) 2 (9,5) 
field ~ 3 (14,3) -2 (9.5) 

Supramamillary 
region 9 (34,6) 6 (23,1) �9 (11,5) 

2 (7,7) 

Legend .  N u m e r a t o r  shows  n u m b e r  of  n e u r o n s  whose  
d i s c h a r g e  p a t t e r n  c ha nge d  b e f o r e  the  b lood  p r e s s u r e  
fe l l ;  d e n o m i n a t o r  g i v e s  n u m b e r  of  n e u r o n s  whose  d i s -  
c h a r g e  p a t t e r n  changed  i m m e d i a t e l y  a f t e r  the  blood 
p r e s s u r e  f e l l .  N u m b e r s  in p a r e n t h e s e s  a r e  p e r c e n t a g e s  
of  t o t a l  n u m b e r  of  n e u r o n s  . t e s t ed .  

E X P E R I M E N T A L  RESULTS 

St imu la t i on  of the  i p s i l a t e r a l  a o r t i c  n e r v e  (2-5 V, 0.1 m s e c ,  60 Hz,  fo r  3 sec )  c a u s e d  the  b lood p r e s s u r e  
to fa l t  by  15 • 5 m m  Hg a n d  s l o w e d  the  h e a r t  r a t e  by  40 • 15 b e a t s / r a i n .  R e s p o n s e s  o f  124 s p o n t a n e o u s l y  a c t i v e  
n e u r o n s  in d i f f e r e n t  p a r t s  of  the  h y p o t h a l a m i c  r e g i o n  to  s t i m u l a t i o n  of the  a o r t i c  n e r v e  w e r e  s tud ied .  Changes  
in the  d i s c h a r g e s  of  one g r o u p  of  n e u r o n s  (32 n e u r o n s ,  25.8%) p r e c e d e d  the  c a r d i o v a s c u l a r  r e a c t i o n s ,  w h e r e a s  
t h o s e  of the  o t h e r  g r o u p  (31 n e u r o n s ,  25%) d e v e l o p e d  a f t e r  the  f a l l  of b lood  p r e s s u r e .  Th i s  s u g g e s t e d  tha t  
changes  in the  a c t i v i t y  of  the  f i r s t  g r o u p  of  n e u r o n s  w e r e  c a u s e d  by a f f e r e n t  i m p u l s a t i o n  f r o m  the s t i m u l a t e d  
a o r t i c  n e r v e  and  w e r e  not  the  r e s u l t  o f  s e c o n d a r y  a f f e r e n t  i n f l ue nc e s  a r r i v i n g  f r o m  the  h e a r t  and  blood v e s s e l s .  
Changes  in the  a c t i v i t y  of the  s e c o n d  g r o u p  of  n e u r o n s ,  on the  o t h e r  hand,  w e r e  e v i d e n t l y  due d i r e c t l y  to the  
f a l l  of  b lood p r e s s u r e .  

By t h e i r  r e s p o n s e  to a f f e r e n t  i m p u l s a t i o n  f r o m  the  i p s i l a t e r a l  a o r t i c  n e r v e  the  f i r s t  g r o u p  of hypo tha -  
l a m i c  n e u r o n s  could  be s u b d i v i d e d  into  two t y p e s :  n e u r o n s  wi th  inh ib i t ion  of  a c t i v i t y  by 20-96% r e l a t i v e  to the  
s p o n t a n e o u s  a c t i v i t y  (20 n e u r o n s ,  16.1%) and  n e u r o n s  w i th  an  i n c r e a s e  of 27-74% in the  f r e q u e n c y  of a c t i v i t y  
(12 n e u r o n s ,  9.7%). In the  r e g i o n  of  the  a n t e r i o r  h y p o t h a l a m u s  ( s u p r a o p t i e  and  p a r a v e n t r i c u l a r  n u c l e i  and  the  
a n t e r i o r  h y p o t h a l a m i c  f ie ld) ,  m o r e o v e r ,  n e u r o n s  whose  f i r i n g  r a t e  d e c r e a s e d  in r e s p o n s e  to  a f f e r e n t  i m p u l s e s  
f r o m  the  a o r t i c  n e r v e  w e r e  r e c o r d e d .  In the  r e g i o n  of  the  m i d d l e  and p o s t e r i o r  h y p o t h a l a m u s  ( v e n t r o m e d i a l  
n u c l e u s ,  l a t e r a l  h y p o t h a l a m i c  f i e ld ,  and  s u p r a m a m i l l a r y  r e g ion )  n e u r o n s  w e r e  r e c o r d e d  of  which  s o m e  r e -  
s p o n d e d  to a f f e r e n t  i m p u l s e s  f r o m  the a o r t i c  n e r v e  by a d e c r e a s e  and o t h e r s  by  an i n c r e a s e  in f i r i n g  r a t e  
(Tab le  1). 

ARe):  the  end of  s t i m u l a t i o n  of t he  a o r t i c  n e r v e  changes  in s p i k e  a c t i v i t y  of the  f i r s t  g r o u p  of  n e u r o n s  in 
the  o p p o s i t e  d i r e c t i o n  w e r e  o b s e r v e d ,  i . e . ,  a c t i v a t i o n  in the  c a s e  of  inh ib i t ion  and v i c e  v e r s a .  , T h e s e  a f t e r -  
r e s p o n s e s  of the  n e u r o n s  w e r e  e v i d e n t l y  in c o n s e q u e n c e  of  the  a c c o m p a n y i n g  l o w e r i n g  of the  g e n e r a l  l e v e l  of  
the  a r t e r i a l  p r e s s u r e  (F ig .  1). 

Subsequen t  s t i m u l a t i o n  of the  h y p o t h a l a m i c  s t r u c t u r e s  in wh ich  n e u r o n s  r e s p o n d i n g  to a f f e r e n t  i m p u l s e s  
f r o m  the  a o r t i c  n e r v e  w e r e  r e c o r d e d  c a u s e d  the  b lood  p r e s s u r e  to r i s e .  T h e  e x p e r i m e n t a l  r e s u l t s  thus  i n d i -  
ca t e  tha t  a f f e r e n t  e x c i t a t i o n  f r o m  the  a o r t i c  n e r v e  i s  p r o j e c t e d  m a i n l y  on the  p r e s s o r  s t r u c t u r e s  o f  the  hypo-  
t h a l a m i e  r e g i o n .  

762, 



l n l l l l i i l  I l l l n l l | l l l i i | | l l l l  I I  
B 

8N IiWIIUHItNIIII]IIIIIIII j JUitlJllt illilJllltltlllllltlHlll 
1so r ,soo . v L 
I00 ~ I~,,,, I s e (  

~-ot .............................................. " ~ ! ! ! ! ! ! : , , : ! ! . ~  

i i l i l l g l l l l ! i l l l l l l l n l l l l l l i l l  
c 

tO 20 

A l l l l | l t i H l | ~ l l N N l | m l R l m l l N i l ~ l i  

l~llll tllbtlllltLttllllltl~tllil~llWil~tllti~t~l~lilllll~llll 
I~ 1~ lllll ~1 IIIMNt gIIU l]llqtfl QN nllltlUBilMlll~tilNl|lllllqllq+llitHfilllIIllll 
l ~ ~,uv.m..,,m,, 500 i .l 

! . 

N - -  

| S i l l J m l | | | | J | i l l | l | | | | R | | | l | | |  

B 

16 20 

Fig. 1 Fig. 2 

Fig. i. Changes in firing pattern of neuron in supraoptic nucleus of hypothalamus in response to 
stimulation (horizontal line) of aortic nerve: A) section through brain; location of electrode tip 
marked by arrow; B) response of neuron (above) and change in blood pressure (BI D) (below) in re- 
sponse to stimulation of ipsilateral aortic nerve; C) histogram of distribution of number of spikes: 
abscissa, time (in see); ordinate, mean number of spikes in 500 msec; vertical lines mark begin- 
ning and end of stimulation of aortic nerve; D) changes in blood pressure during stimulation of 
supraoptic nucleus. 

Fig. 2. Changes in unit activity in supraoptic nucleus of hypothalamus in response to fall of blood 
pressure caused by stimulation (horizontal line) of aortic nerve. A) Response of neuron (above) 
and change in blood pressure (below) in response to stimulation of ipsilateral aortic nerve; 
B) histogram of distribution of number of spikes: abscissa, time (in see); ordinate, mean number 
of spikes in 500 msec; vertical lines mark beginning and end of stimulation of aortic nerve. 

By the i r  r e sponse  to the fall of blood p r e s s u r e  caused by s t imulat ion of the ao r t i c  nerve  the second group 
of neurons could a lso  be divided into two types:  those  with inhibition of act ivi ty  by 10-68% re la t ive  to the i r  
spontaneous ac t iv i ty  (11 neurons ,  8.9%) and those whose f i r ing ra te  inc reased  by 25-94% (20 neurons,  16.1%). 
Exc i ta tory  unit r e s p o n s e s  were  r eco rded  in the region of the supraopt ic  and p a r a v e n t r i c u l a r  nuclei and in the 
a n t e r i o r  hypothalamic  field (Fig. 2). Both inhibi tory and exc i t a to ry  unit r e s p o n s e s  were  r eco rded  in the region 
of the ven t romed ia l  nucleus and the l a te ra l  hypothalamic field. Mainly inhibi tory unit r e sponses  were  recorded  
in the s u p r a m a m i l l a r y  region (Table 1). Subsequent s t imulat ion of these  hypothalamic  reg ions  showed that  
they a lso  have a p r e s s o r  e f fec to r  action.  
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The experiments thus showed that excitation evoked by stimulation of the aortic depressor  nerves and 
afferent influences arr iving from the baroreceptors of the blood vessels  during the depressor  response spread 
widely to neurons in the various parts of the hypothalamic region. This excitation, moreover,  is destined for 
neurons of the p res so r  regions of the hypothalamus. 

Eleetrophysiological investigations of the composition of the aort ic nerve in rabbits have shown that it 
contains chiefly baroreceptor  afferent fibers and no chemoreceptor fibers [10, 13, 17]. Accordingly, the 
changes in unit activity recorded in the various parts of the hypothalamus in response to electrical stimulation 
of the aort ic nerve must be regarded as the result  of the effects of baroreceptor  afferent impulses. The 
question of the role of these neurons in the regulation of the hemodynamics is a matter  for further experimen- 
tal investigation. The available evidence [4, 7, 11] indicates that abolition of afferent influences from the 
baroreceptors of the aort ic arch and carotid sinus activates neurosecre tory  cells of the paraventricular and 
supraoptic nuclei of the hypothalamus, which liberate hormones with pressor  action (vasopressin and oxytocin) 
into the blood stream. The results of the present  experiments also point to the existence of neurons in these 
hypothalamic nuclei whose firing rate is reduced in response to baroreceptor  afferent impulsation. It can be 
postulated that the flow of baroreceptor  afferent impulsation evoked by electrical  stimulation of the aort ic 
nerve is destined for neurosecre tory  cells, depressing their  spike discharge. The problem of the functional 
role of neurons in other parts of the hypothalamus whose firing pattern is changed in response to electrical  
stimulation of the aort ic  nerve requires further experimental investigation. 
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