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In acute  expe r imen t s  on anes the t ized  ca t s  propranolo l  r educed  the  venous r e t u r n  to the h e a r t  
whi le  i nc reas ing  the  capaci ty  o f  the s y s t emic  venous c i rcula t ion .  Myocard ia l  f i - ad reno recep -  
t o r  blockade is  not the  only cause  of th is  effect .  
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One of  the pr inc ipa l  m e c h a n i s m s  of  the  hypotens ive  action of p ropranolo l  is a d e c r e a s e  in ca rd iac  output 
[4, 5, 8]. Most  w o r k e r s  a g r e e  that  th is  effect  i s  due to negat ive  ch rono-  and inotropic influence of the  drug 
through m y o c a r d i a l  f i - a d r e n o r e c e p t o r  b lockade [7, 10]. Meanwhile,  the act ion of propranolo l  on the capaci ty  
of  the  s y s t e m i c  c i rcu la t ion  has  v i r tua l ly  neve r  been studied despi te  the fact  that  changes in it play a leading 
ro l e  in h e t e r o m e t r i c  regula t ion  of ca rd iac  output [1-3]. 

The  object  of th is  inves t iga t ion  was to s tudy th is  p r o b l e m .  

EXPERIMENTAL M E T H O D  

Experiments were carried out on 25 anesthetized (chlQralose 50 mg/kg and urethane 500 mg/kg) cats 
which were curarized and artificially ventilated. 

In the experiments of series I changes in the blood flow in the ascending part of the arch of the aorta 
(the cardiac output - CO), measured by means of an electromagnetic flowmeter, the arterial pressure (AP) 
and, in some experiments, the pressure in the right atrium (the central venous pressure - CVP) were re- 
corded during electrical stimulation of the hypothslamus in the region of the ventromedial nucleus (i00 Hz, 
3 msec, 8-10 V, 10 sec). 

In the experiments of series II the same parameters were recorded under conditions of partial stabiliza- 
tion of the venous return to the heart along the system of the superior or inferior vena cava by means of a 
constant delivery pump. At the same time the volume of blood flowing into the extraeorporeal reservoir was 
m e a s u r e d  [11]. 

P r o p r a n o l o l  was in jected in t ravenous ly  in doses  of  0.2-1 m g / k g .  The  effect  of the drug on the capaci ty  
of  the s y s t e m i c  c i rcu la t ion  was judged f r o m  the d i f fe rence  in the t i m e  of onse t  of changes  in the  venous r e t u r n  
to the r e s e r v o i r  and in the ao r t i c  blood flow. 

EXPERIMENTAL RESULTS 

In these  e x p e r i m e n t s  the or ig ina l  values  were :  AP = 107 �9 4 m m  Hg, CO = 270 • 30 m l / m i n ,  the card iac  
f requency (CF) = 164 �9 7 bea t s / ra in ,  and CVP = 1.5 • 1 m m  Hg. E lec t r i ca l  s t imulat ion of the ven t romedia l  hypo-  
tha l amic  nucleus  caused  AP to r i s e  on a v e r a g e  by 55 • 8%. The  p r e s s o r  r e s p o n s e  was accompanied  by var ied  
changes  in CO at  a t i m e  of  m ax i m a l  e levat ion of AP.  In 11 expe r imen t s  the  max ima l  r i s e  in AP co r re sponded  
to a fal l  in CO by 35 �9 9%, in eight expe r imen t s  a r i s e  of  31.6%, whereas  in s ix  ca se s  CO r e m a i n e d  unchanged. 

In t ravenous  inject ion of  p roprano lo l  in a dose  of 0.2 m g / k g  l ed  to a d e c r e a s e  in the or ig inal  CF by 30 • 
3% and in CO by 16 • 3%. The  o r ig ina l  AP was reduced  by 21 • 4%. Af te r  admin is t ra t ion  of propranoIol  in a 
dose  of 1 m g / k g  the d e g r e e  of  reduct ion of CF and CO was i n c r e a s e d  to 40 �9 3 and 20 �9 5%, respec t ive ly ,  andof  
AP to 25 �9 4%. In four  expe r imen t s  in which AP fell  by m o r e  than 25% a signif icant  d e c r e a s e  in the  to ts /  
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Fig .  1. E f fec t  of p ropranolo l ,  in a dose  of 1 mg /kg ,  on 
changes  in CO, AP ,  and venous r e t u r n  along supe r io r  vena 
cava  to r e s e r v o i r  caused  by e lec t r i ca l  s t imula t ion  of hypo-  
t ha l amus .  In A f r o m  top to bot tom: CO (cal ibrat ion 
100 ml /min ) ,  AP (cal ibrat ion 15 m m  Hgh m a r k e r  of s t i m -  
ulation, 10 sec .  In B and C f r o m  top to bot tom: CO, AP,  
volume of blood in r e s e r v o i r  (ca l ibra t ion 5 ml); m a r k e r  
of  s t imula t ion  10 sec .  A) Init ial  r e s p o n s e s ;  B) with par t ia l  
s tabi l iza t ion  of venous r e t u r n  to the hear t  before  inject ion 
of propranolol ;  C) r e s p o n s e s  a f t e r  inject ion of propranolo l ,  
1 mg /kg .  

pe r iphe ra l  va scu l a r  r e s i s t a n c e  of 21 �9 4% was obse rved .  The hypotensive effect  of  propranolo l  was thus due 
not only to a fall  in CO, but also to a reduct ion  of the pe r iphe ra l  vascu la r  r e s i s t a n c e  which, accord ing  to 
some  inves t iga t ions  [6, 9], i s  a s soc i a t ed  with the cen t ra l  act ion of  propranolo l .  Changes  in CVP under the 
inf luence of p ropranolo l  w e r e  not s ignif icant .  In s o m e  expe r imen t s  only a s l ight  tendency for  CVP to r i s e  
was  obse rved .  

Af te r  admin i s t r a t ion  of  p ropranolo l  in doses  of  under  1 mg /kg  the ampl i tude of the p r e s s o r  r e s p o n s e  to 
e l ec t r i ca l  s t imula t ion  of the hypotha tamus  fell a l i t t le .  In eight expe r imen t s  in which CO inc rea sed  initially,  
th is  i n c r e a s e  was r educed  by 71 �9 10%. However ,  in c a s e s  when hypothalamic s t imula t ion  led to a d e c r e a s e  
in CO, propranolo l  could r e v e r s e  t he se  changes  and produce  an i n c r e a s e  in CO. This  r e v e r s a l  of  the  r e s p o n s e s  
was m o s t  c h a r a c t e r i s t i c  in expe r imen t s  in which a cons ide rab le  d e c r e a s e  in the  or ig inal  value of AP (by m o r e  
than 25%) took  p lace  a f t e r  admin i s t r a t ion  of p roprano lo l .  

In  the  e x p e r i m e n t s  of  s e r i e s  II the  c h a r a c t e r  of  r e s p o n s e s  of the venous r e tu rn  to the hea r t  (the volume 
draining into the  r e s e r v o i r )  to e l ec t r i ca l  s t imulat ion of the hypothalamus ,  causing an i nc rea se ,  d e c r e a s e ,  o r  
no change in CO, and the  effect  of p roprano lo l  on changes  in the  capaci ty  of  the sys t emic  c i rcu la t ion  w e r e  
studied.  

When the  venous r e t u r n  to the  h e a r t  was par t i a l ly  s tabi l ized hypothalamic  s t imula t ion  evoked p r e s s o r  
r e s p o n s e s  which, c o m p a r e d  with r e s p o n s e s  obse rved  with a na tura l  venous r e tu rn ,  we re  lower  in ampli tude 
(Fig.  1A, B). Meanwhile,  the i n c r e a s e  in COwas  r educed  in expe r imen t s  in which it  was  ini t ia l ly inc reased ,  
and the deg ree  of lower ing  of CO was i n c r e a s e d  when i t  was lower  init ial ly.  Hypothalamic  s t imulat ion causing 
an increase~ d e c r e a s e ,  o r  no change i n C O  at  a t i m e  of max ima l  r i s e  of AP also led in all  c a s e s  to an i n c r e a s e  
in the  blood flow along the venae  c a v a e  (as shown by the  r e t u r n  flow into the  r e s e r v o i r )  on a v e r a g e  by 11 �9 4 
ml .  The la ten t  per iod  of th is  r e s p o n s e  was 9 �9 3 sec .  The  beginning of the  i n c r e a s e  in the venous r e t u r n  in 
m o s t  c a s e s  p r eceded  the  maximal  r i s e  of t P  o r  coincided with it  (Fig. 1B). 

In t ravenous  inject ion of p roprano lo l  in doses  of  0.2 and 1 m g / k g  under  conditions of  par t i a l  s tabi l izat ion 
o f  the  venous r e t u r n  to the hea r t  was  accompanied  by  changes  in CF,  AP,  CO, and CVP s i m i l a r  to those  ob-  
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served in the experiments of series I. At the same time there was a marked decrease in the velocity of the 
blood flow along the venae cavae. The venous blood flow was reduced after injection of propranolol in doses 
of 0.2 and 1 mg/kg by 1I �9 1.1 and 17 • 1.7%, respectively. The velocity of the venous blood flow was reduced 
in all cases before the fall in CO (more than 10 sec earlier;  P < 0o001). Under these conditions electrical 
stimulation of the hypothalamus caused a much smaller increase in the venous blood flow (Fig. 1B, C). The 
amplitude of the increase in the venous return was reduced by 68 * 8 and 85 • 13% depending on the dose of 
the drug. The changes in CO caused by hypothalamic stimulation were reduced or disappeared completely 
(Fig. IC). 

The experiments thus showed that propranolol causes an increase in the capacity of the systemic circu- 
lation and a decrease in the venous return to the heart, before any change in CO. This suggests that one of 
the factors responsible for the decrease in CO after administration of propranolol is a reduction in the blood 
flow to the right ventricle. Propranolol also has an inhibitory effect on changes in the venous blood flow in 
response to hypothalamic stimulation. 
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