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Tonic activity and re f lex  d ischarges  in the sympathet ic  ne rves  of the hea r t  and kidneys in 
response  to st imulation of a f ferent  A and C f ibers  of the tibial and splanchnic nerves  
were  r eco rded  by an e lec t roneurographic  method. Exper iments  on anesthet ized cats 
showed that injection of noradrenal in  and adrenal in (200-300 gg) into the la te ra l  and fourth 
ven t r ic les  and intravenous injection of DOPA (40 mg/kg) inhibit tonic activity and re f lex  
discharges  in the sympathet ic  ne rves  of the hea r t  and kidneys, and also inhibit p r e s s o r  
reac t ions .  T h e  depriming effect  of the catecholamines is s t rengthened considerably by 
deeerebra t ion  but is not exhibited in spinal p repara t ions .  It was also shown that m i c r o -  
injection of noradrenal in  (0.1-5 gg) into the region of the gigantocel lular  nucleus and 
in fe r ior  ol ivary complex grea t ly  potentiated the inhibitory influence of these s t ruc tu res  
on tonic activity and re f lex  d ischarges  in the sympathet ic  ne rves .  

Prev ious  investigations in the writerTs l abora to ry  have shown that monoamines (noradrenalin,  a d r e -  
nalin, and serotonin) and the i r  p r e c u r s o r s  (DOPA, 5-hydroxytryptophan) inhibit tonic and re f lex  activity in 
sympathet ic  ne rves  and also vasomoto r  p r e s s o r  re f lexes  [2, 3, 5, 7, 9]. 

Meanwhile ,  observat ions  made by other  workers  [1, 6, 13, 16] indicate that catecholamines can ac t i -  
vate some central  s t ruc tu res  responsible  fo r  the development of inhibitory p r o c e s s e s .  

On the basis  of these facts  it  was decided to study the ro le  of descending inhibition in the depriming 
effect  of eatecholamines and DOPA on tonic activity,  re f lex  responses  in sympathet ic  nerves ,  and v a s o -  
motor  re f l exes .  

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

Cats weighing 2.5-4 kg were  anesthet ized with ure thane (600 mg/kg) and chloralose  (40 mg/kg).  
After  t r acheo temy and vagotomy, the animals  rece ived  a muscle  re laxant  (flaxedil) and were  maintained on 
ar t i f ic ia l  r esp i ra t ion .  A constant body t empe ra tu r e  was maintained throughout the exper iment .  Tone of 
the sympathet ic  nervous  sys tem was a s se s sed  by e lee t roneurographic  recording of biopotentials in the 
central  ends of the divided sympathet ic  ne rves  of the hea r t  and kidneys.  Changes in tonic activity and in 
re f l ex  discharges  evoked by e lec t r ica l  s t imulation of a f ferent  A and C f ibers  of the tibial or  g r ea t e r  
splanchnic ne rves  were  r eco rded  [8]. At the same t ime,  the p r e s su re  in the femoral  a r t e r y  was r eco rded  
with an e l ec t romanomete r  and the EKG taken in s tandard lead II. P r e s s o r  responses  were  evoked by 
st imulat ion of the tibial and g r e a t e r  splanchnic nerves  with square  pulses (20-40 V, 1-2 msec ,  1 -4-40 /sec) .  
These  var ious indices were  r eco rded  on an 8-charmel polygraph ("Mingograf-81,"  E lema) .  Special  s e r i e s  
of exper iments  were  pe r fo rmed  on dece reb ra te  (at the in te reo l l icu la r  level) and spinal ( t ransect ion at the 
level  C1 and C 2) animals .  
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Fig.  1. Effect of noradrenal in  (200 gg) on tonic and reflex activity in renal  nerve 
and ar te r ia l  p r e s s u r e  in intact (A), decerebra te  (B), and spinal (C) animals .  A: 1) 
on the left, tonic and reflex activity in renal  nerve in response  to st imulation of 
tibial nerve before  injection of noradrenal in ,  on the right, p r e s s o r  response  of 
a r te r ia l  p r e s su re ;  2) the same 20 rain after  injection of noradrenal in  into la tera l  
ventr ic le ;  B" 1) The same after  decerebra t ion and before injection of n o r a d r e -  
nalin; 2} the same 20 min after  injection of noradrenal in into fourth ventr icle;  C: 
1) the same in spinal animal in response to stimulation of tibial nerve;  2) the same 
20 min af ter  injection of noradrenal in into spinal epidural space.  F r o m  top to 
bottom', on the left, t ime marke r  1 sec,  ma rke r  of stimulation of tibial nerve  (A 
and B) and g rea te r  splanchnic nerve (C), tonic and reflex activity in renal  nerve;  on 
the right,  p r e s s o r  responses  of a r te r ia l  p r e s s u r e .  

Noradrenalin and adrenalin were injected in doses of 200-300 pg into the fourth and lateral ventricles 
and also into the epidural space of the spinal cord. DOPA was injected intravenously in a dose of 40 mg/kg. 

EXPERIMENTAL RESULTS AND DISCUSSION 

To determine the relationship between the depriming effect of catecholamines on sympathetic tone 
and wsomoter reflexes and their action on structures of various parts of the nervous system a series of 
experiments was performed on intact animals, in which noradrenalin and adrenalin were injected into the 
fourth and lateral ventricles and also into the epidural space of the spinal cord~ 

After injection of noradrenalin in a dose of 300 pg into the fourth and lateral ventricles, inhibition of 
tonic activity and reflex discharges in the sympathetic nerves of the heart and kidneys in response to sti~ 
mulation of afferent A and C fibers of somatic nerves was found to occur. In this case, the cateeholamines 
showed no selective inhibitory effect on reflex discharges in sympathetic nerves evoked by stimulation of 
afferent C fibers, as is observed if these substances are given in doses of 50-100 pg [4]. Simultaneously 
with inhibition of tonic and reflex activity in the sympathetic nerves (Fig. 1A), the vasomotor reflexes were 
diminished (on the average by 66:~2o2%). 

After injection of noradrenalin into the epidural space of the spinal cord, on the other hand, an in- 
crease in tonic activity and reflex discharges was observed in the sympathetic nerves of the heart and 
kidneys. The intensity of the pressor vasomotor reflexes was increased. Comparison of the results of 
these series of experiments suggests that the depriming effect of eatecholamines on sympathetic and vaso- 
motor tone is associated with their action on supraspinal structures participating in the central regulation 
of the circulation. 
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Fig.  2. Effect  of noradrena l in  (2.5 pg) on tonic and re f lex  act ivi ty  in renal  ne rve  
during Stimulation of tibial ne rve  and of gigantocel lular  nucleus.  A-" 1) Tonic and 
re f lex  act ivi ty  in renal  ne rve  in r e sponse  to s t imulat ion of tibial nerve  before  in-  
ject ion of noradrenal in ;  2) the s a m e  10 min a f te r  miero in jee t ion  of noradrenalir~ 
into gigantocel lular  nucleus;  B: 1) tonic and r e f l ex  act ivi ty  in renal  ne rve  in r e -  
sponse  to combined s t imulat ion of tibial ne rve  and gigantocel lu lar  nucleus before  
inject ion of noradrenal in ;  2) the s a m e  10 min a f t e r  micro in jec t i0n  of noradrenal in  
into g igantocel lu lar  nucleus.  F r o m  top to bot tom: t ime  m a r k e r  1 sec ,  m a r k e r  of 
s t imula t ion  of tibial ne rve ,  tonic and re f lex  act ivi ty  in renal  nerve;  GCN, m a r k e r  
of s t imulat ion of g igantocel lu lar  nucleus;  + indicates posit ion of e lec t r i ca l  s t i m u -  
lat ion and micro in jec t ion  of noradrena l in  on d i ag ram.  

To study the mechan i sms  respons ib le  for  the inhibitory effects  of ea techolamines  and DOPA on s y m -  
pathet ic  tone, exper imen t s  we re  c a r r i e d  out on dece reb ra t e  an imals .  These  showed that the depr iming 
effect  of noradrena l in ,  adrenal in,  and DOPA is substant ia l ly  i nc reased  af ter  decerebra t ion .  This effect  was  
mani fes ted  as a s t ronge r  and m o r e  prolonged inhibition of tonic act ivi ty and re f lex  d i scharges  in the s y m -  
pathet ic  ne rves  compared  with intact  an ima l s  (Fig. 113). Converse ly ,  the r e su l t s  of expe r imen t s  on spinal 
p r epa ra t ions  demons t ra t ed  absence  of inhibi tory effects  of ca techolamines  on v a s o m o t o r  re f lexes  (Fig. 1C), 
in a g r e e m e n t  with r e su l t s  obtained in the s e r i e s  of exper iments  in which ca techolamines  were  injected into 
the epidural  space  of the spinal cord  in intact  an imals .  

The following conclusion can be drawn f rom analys is  of these r e su l t s .  The development  of the de -  
p r iming  effect  of ca techolamines  and DOPA on sympathe t ic  tone and v a s o m o t o r  re f lexes  in exper iments  on 
intact  an imals  and the absence  of this effect  a f t e r  division of the spinal cord suggest  that  ca techolamines  
cause act ivat ion of descending inhibition. This  view is a lso  suppor ted  by exper imenta l  r e su l t s  indicating 
potentiat ion of the depr iming  effect  of ca teeholamines  and DOPA in expe r imen t s  on d e c e r e b r a t e  an ima l s .  
In the modern  view, one of the b ra in  s y s t e m s  respons ib le  for  descending re t iculospinal  inhibition is the 
bulbar  ven t romedia l  r e t i cu l a r  fo rmat ion  [17], the functional act ivi ty  of which is cons iderably  inc reased  
a f t e r  dece rebra t ion .  It is poss ib le ,  the re fo re ,  that the inc rease  in the inhibi tory effect  of ca techolamines  
on sympathe t i c  and v a s o m o t o r  tone a f t e r  decerebra t ion  is due to act ivat ion of cent ra l  s t r u c t u r e s  of the 
bulbar  ven t romed ia l  r e t i cu l a r  fo rmat ion .  This  view is suppor ted  by observa t ions  made by other work e r s  
[15, 16], who showed that by act ivat ing the ven t romedia l  r e t i cu l a r  format ion ,  ca techolamines  p romote  the 
development  of descending inhibition. 

P a r t i c u l a r l y  in te res t ing  observa t ions  were  made by Cooto and c o - w o r k e r s  [11, 12] and Wang [18], 
who showed that e lec t r i ca l  s t imula t ion  of the bu lbar  r e t i cu l a r  fo rmat ion  inhibits r e f l exes  effected through 
the sympathe t i c  nervous  s y s t e m  (vasomotor  and psychogalvanic  re f lexes) .  In face of the h is tochemical  data 
indicating that this p a r t  of the b ra in  contains ad rene rg ic  neurons  [14], it may  be postulated that  ca techol -  
amines  have a functional role  in the mechan i sm of descending inhibi tory control ove r  the segmenta l  
appara tus  of the spinal cord.  This  appl ies ,  in pa r t i cu la r ,  to v a s o m o t o r  re f l exes ,  whose a r c s  in the modern  
view a re  c losed at  the segmenta l  level  [10, 12]. 
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This hypothesis  was conf i rmed by the r e su l t s  of exper iments  in which s t r u c t u r e s  of the ven t romedia l  
r e t i cu l a r  fo rmat ion  were  s t imula ted  or  in which ca techolamines  were  injected d i rec t ly  into those s t r u c t u r e s .  
The a im of this s e r i e s  of exper imen t s  was to study the effect  of noradrena l in  on inhibition of r e f l ex  d i s -  
charges  f rom af ferent  A and C f ibe r s  in the sympathe t ic  ne rve s  of the kidney in r e sponse  to s t imulat ion 
of the gigantocel lu lar  nucleus.  F o r  this purpose ,  by means  of a s t e reo tax ic  appara tus ,  a hollow e lec t rode  
was in se r t ed  into the gigantocel lu lar  nucleus .  Unipolar  s t imulat ion with square  pulses  (3-10 V, 0.1-1 msec ,  
20-40 /sec )  was used.  In r e s pons e  to combined s t imulat ion of the g igantocel lu lar  nucleus and of one of the 
soma t i c  ne rves ,  inhibition of tonic act ivi ty and re f lex  d ischarge  in the sympathe t i c  ne rves  of the kidney 
was obse rved .  The duration and intensi ty  of this inhibition depended on the p a r a m e t e r s  of s t imula t ion  of 
the s t r u c t u r e s  of the ven t romedia l  r e t i cu l a r  fo rmat ion .  Under these  conditions,  mic ro in jec t ion  of n o r a d r e -  
nalin into these  s t r u c t u r e s  in doses  of 0.5-5 ttg led a f t e r  2-5 rain to some  d e c r e a s e  in act ivi ty  and to a 
m a r k e d  inc rea se  in the duration and intensi ty of inhibition of re f lex  d i scharges  in the sympathe t i c  ne rves  
of the kidney (Fig 2). 

It can be concluded f rom these  r e su l t s  that  ca techolamines  play a role  in the descending control of 
the segmenta l  appara tus  of the spinal cord,  and espec ia l ly  in the control of v a s o m o t o r  r e f l e x e s .  Exogenous 
ca techolamines  ac t iva te  these  p r o c e s s e s ,  thereby exer t ing an inhibi tory effect  on tonic and re f lex  act ivi ty 
in the sympathe t i c  ne rves  and also on v a s o m o t o r  r eac t ions .  
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