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The re  are data in the l i t e ra tu re  on the effect  of propranolo l  and other nonselect ive  ~ - ad renob locke r s  on 
the distr ibution of the card iac  output among the organs  and t i s sues  of no rmotens ive  and hyper tens ive  e x p e r i -  
mental  an imals  [4, 5]. The effect  of ca rd iose lec t ive  f l - adrenob lockers  (atenolol etc.) on the dis tr ibut ion of the 
blood flow between organs  and t i s sues  has not been studied.  

This pape r  de sc r ibe s  an invest igat ion of the effect  of the ca rd iose lec t ive  f i - ad renob locker  atenolol,  com-  
pa red  with that  of propranolo l ,  on the cardiac  output and i ts  dis t r ibut ion among the pr incipal  va scu l a r  reg ions .  

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

Expe r imen t s  were  c a r r i e d  out on normotens ive  male  Wis t a r  r a t s  weighing 300-350 g, anes the t ized  with 
pentobarbi ta l  sodium (40 m g / k g  in t raper i tonea l ly) .  The card iac  output and i ts  dis t r ibut ion among the pr incipal  
va scu l a r  regions  were  de te rmined  by the rad ioac t ive  m i c r o s p h e r e s  method [3, 6]. By means  of a ca the te r  in- 
t roduced through the common caro t id  a r t e r y ,  90,000 m i c r o s p h e r e s  {NEN-TRAC m i c r o s p h e r e s ,  England), 15 # 
in d iamete r ,  labeled with 4GSc {specific act ivi ty  about i gCi) in 0.2 ml of 10% dext ran  solution with the addition 
of one drop of Tween-80 (to prevent  aggregat ion of the mic ro sphe re s )  we re  injected into the left  vent r ic le  in 
the course  of 30 sec .  Simultaneously with the beginning of injection of the m i c r o s p h e r e s  blood was taken f r o m  
the f e m o r a l  a r t e r y  by means  of a two-way in jec to r  at the ra te  of 1 m l / m i n  fo r  1 rain (to de te rmine  activi ty of 
m i c r o s p h e r e s  in a s t andard  sample) .  The an imals  were  then decapi tated.  P ieces  of hear t ,  lung, kidney, l iver ,  
s tomach ,  l a rge  and smal l  intest ine,  brain,  ske le ta l  musc l e s  of the lower  l imbs ,  and a lso  blood of the s tandard  
s a m p l e s  were  p laced in spec ia l  t e s t  tubes and the 46Sc act ivi ty  was de te rmined  in the t es t  s amp le s  by means  of a 
Nuclear  Chicago T - r a y  counter  (USA). Activity of 46Sc in the t e s t  s amp le s  pe r  g r a m  t i s sue  was e x p r e s s e d  as a 
pe rcen tage  of the injected dose of isotope.  Changes in the f rac t ion  of the card iac  output reaching  the given o r -  
gan were  de te rmined  f r o m  changes in the 4GSc content in that organ.  Cardiac  output was de te rmined  by the equa-  
tion: A = (B• C) /D ,  where  A is the card iac  output (in m l / m i n ) ,  B the ra te  of collecting blood f r o m  the f emo ra l  
a r t e r y  (in m l / m i n ) ,  C the content of labeled m i c r o s p h e r e s  in the dose injected into the left ven t r ic le ,  and D the 
content of labeled  m i e r o s p h e r e s  in the s tandard  sample .  The absolute t i s sue  blood flow was de te rmined  as the 
product  of the card iac  output and its f rac t ion  reaching  the given organ.  The sys t emic  a r t e r i a l  p r e s s u r e  (AP) 
was m e a s u r e d  by an e l c c t r o m a n o m e t e r  in the f e m o r a l  a r t e r y  (through a t h r e e - w a y  cock) before  and a f t e r  blood 
taking, and the total  pe r iphera l  r e s i s t a n c e  was ca lcula ted  by dividing the mean AP by the card iac  output. 

The animals  were  divided into th ree  groups  with 8-15 ra t s  in each  group.  The ra t s  of group 1 r ece ived  an 
injection of isotonic NaC1 solution through a cannula into the externa l  jugular  vein, whereas  the ra ts  of groups  
2 and 3 r ece ived  inject ions of atenolol and propranolo l  in a dose of 0.5 m g / k g  (in this dose both drugs caused 
comple te  blockade of the f l - ad reno reoep to r s  of the hear t )  5 rain before  injection of the labeled m i c r o s p h e r e s .  
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Fig.  1. Effect  of propranolol  (1) and atenolol (2) on card iac  output (a), total  pe r iphe ra l  r e s i s t ance  (b), 
and AP (c). Columns denote changes in p a r a m e t e r s  studied (in % of control) .  Numbers  in pa ren theses  
give values of p a r a m e t e r s  in control:  card iac  output (in m l / m i n ) ,  total  pe r iphe ra l  r e s i s t ance  (in 
m l / m m  H g / m l / m i n ) ,  AP (in m m  Hg). * P  - 0.05. 

Fig. 2. Changes in 46Sc activi ty in different  organs  and t i s sues  (in % of control) a f t e r  injection of p r o -  
pranol  (a) and atenolol (b). 1) Hear t ,  2) lung, 3) s tomach,  4) l iver ,  5) smal l  intest ine,  6) l a rge  intestine,  
7) kidneys,  8) ske le ta l  musc les ,  9) brain .  
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Fig. 3. Changes in t i ssue  blood flow in different  o r -  
gans and t i s sues  (in % of control) under  the influence 
of propranolol  (a) and atenolol (b). Numbers  in p a r e n -  
theses  show mean  values of blood flow ( i n m l / m i n / g  
t i s s u e -  15 exper iments ) .  * P - 0.05. Rema inde r  of 
legend as to Fig. 2. 

EXPERIMENTAL RESULTS 

Atenolol does not differ from propranolol in its effect on the systemic hemodynamics. Both drugs re- 
duced the cardiac output and increased the total peripheral resistance, with the result that no significant change 
in AP took place (Fig. i). Other workers obtained similar results [I, 2]. 

Atenolol and propranolol had a similar effect on the distribution of fractions of the cardiac output but dif- 
fered from one another in their effect on the blood supply to the organs. Both drugs caused redistribution of the 
cardiac output in favor of the stomach, lungs, large intestine, and brain but did not change the coronary and 
renal fractions of the cardiac output (Fig. 2). Atenolol, but not propranolol, also led to some increase in the 
fractions of the cardiac output reaching the liver and skeletal muscles. 

Atenolol caused a significant decrease in the renal blood flow ~ proportional to the decrease in the cardiac 
output but had no significant effect on the blood supply to the heart, brain, gastrointestinal tract, lungs, or 
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skele ta l  musc les  (Fig. 3). Unlike atenolol,  p ropranolo l  caused a c l ea r  dec r ea se  in the blood supply to the hea r t .  
The change in the blood flow due to propran01ol  in the o ther  va scu l a r  regions  (including the kidneys and brain) 
was not s ta t i s t i ca l ly  s ignif icant .  

These  data on the effect  of propranolo l  on the regional  hemodynamics  in no rmotens ive  r a t s  d i f fer  s o m e -  
what f r o m  r e su l t s  obtained in acute expe r imen t s  on waking monkeys [4], but coincide a lmos t  comple te ly  with the 
r e su l t s  of expe r imen t s  conducted on anes the t ized  no rmotens ive  and hyper tens ive  r a t s  during chronic  a d m i n i s t r a -  
t ion of p ropranolo l  [5]. It  was  shown in the f i r s t  invest igat ion ci ted above that  infusion of p ropranolo l  fo r  60 rain 
leads  to a dec rea se  in the blood flow in the hear t ,  kidneys,  gas t ro in tes t ina l  t r a c t ,  spleen,  l iver ,  and ske le ta l  
musc les  p ropor t iona l  to the  dec r ea s e  in the ca rd iac  output, but not in the brain .  The second of the inves t iga -  
tions cited, l ike the p r e s e n t  expe r imen t s ,  showed tha t  p ropranolo l  causes  a g r e a t e r  d e c r e a s e  in the co rona ry  
and m u s c u l a r  blood flow than in the blood flow in o ther  v a s c u l a r  regions .  These  d i f fe rences  in the ef fec ts  of 
p ropranolo l  on the regional  hemodynamics  could be connected with d i f fe rences  in the exper imenta l  conditions 
(species  of an imals ,  ef fect  of genera l  anes thes ia ,  etc.) .  

The r e su l t s  now obtained, showing a d e c r e a s e  in the coronary  blood flow a f te r  admin is t ra t ion  o f p r o p r a n o -  
lol andin the rena l  blood flow in r e sponse  to atenolol ,  accompanied  by a negligible change in the corresponding 
f rac t ions  of the card iac  output a re  evidence that these  effects  of atenolol and propranolo l  a re  due to the i r  in-  
f luence on the ve s se l s  of the hea r t  and kidneys.  So fa r  as the negligible effect  of atenolol and propranolo l ,  in 
the dose t e s t ed  (0.5 m g / k g ) ,  on the blood supply to other  v a s c u l a r  regions  is concerned,  this may be the r e su l t  
of a different  functional role  of f l - ad r eno recep to r s  in different  v a s c u l a r  regions .  
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Lithium sa l t s  play an active role  in cent ra l  sero tonin  me tabo l i sm [17]. A dec rea se  in the sero tonin  con-  
centra t ion has been demons t ra t ed  in the ra t  bra in  s t em,  midbra in ,  s t r i a tum,  and hypothalamus during a course  
of l i thium chloride [12] and carbonate  [9]. Li thium preven t s  a r i se  in serotonin  level caused by p r e c u r s o r s  of 
its synthes is ,  L- t ryp tophan  and 5-hydroxytryptophan (5-HTP) [3], and i nc rea se s  the content of deaminated  
metabol ic  products  of se ro tonin  in the bra in  both of intact  an imals  [15] and a f t e r  e l ec t r i ca l  s t imulat ion of the 
medial  nucleus raphe in the midbra in  [10]. 

The new original  psychot ropic  agent  l i thium hydroxybutyra te  [1] p reven ts  amphetamine  exci ta t ion [8] and 
5 - H T P -  and nicot ine- induced hyper ldnes ia  [5], reduces  e lec t r i ca l  exci tabi l i ty  of var ious  subcor t ica l  s t r u c t u r e s  
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