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The i s o l a t e d  h e a r t s  of r a t s  and g u i n e a - p i g s  w e r e  p e r f u s e d  th rough  the a o r t a .  A l a t e x  b a l -  
loon of c o n s t a n t  v o l u m e  was  f ixed  ins ide  the l e f t  v e n t r i c l e .  The p r e s s u r e  d e v e l o p e d  in 
the ba l l oon  and the c o r o n a r y  b lood  f low w e r e  m e a s u r e d  fo r  1 mino An i n c r e a s e  in the 
Ca ++ c o n c e n t r a t i o n  in the p e r f u s i o n  f lu id  f r o m  2 .5  to 5 m e q / l i t e r  l ed  to a m a r k e d  i n -  
c r e a s e  in the  p r e s s u r e  d e v e l o p e d  and to a de f in i t e  i n c r e a s e  in the c o r o n a r y  f low. With 
a f u r t h e r  i n c r e a s e  in the Ca ++ c o n c e n t r a t i o n  to 20 m e q / l i t e r ,  the p r e s s u r e  d e v e l o p e d  
i n c r e a s e d  s t i l l  f u r t h e r ,  but  the c o r o n a r y  flow was  r e d u c e d .  In the c o u r s e  of the e x -  
p e r i m e n t  the d e c r e a s e  in the d e v e l o p e d  p r e s s u r e  and in the c o r o n a r y  flow took p l a c e  
m o r e  r a p i d l y  when the Ca ++ c o n c e n t r a t i o n  was  i n c r e a s e d .  

When the a c t i o n  of Ca "H" on the c o r o n a r y  c i r c u l a t i o n  has  been  s t ud i e d  both v a s o c o n s t r i c t o r  [18, 20] 
and v a s o d i l a t o r  [6, 8, 17] e f f e c t s  have  b e e n  o b s e r v e d .  T h e s e  r e s u l t s  w e r e  ob ta ined  in e x p e r i m e n t s  on 
whole  a n i m a l s  wi th  an u n c o n t r o l l e d  h e a r t  r a t e  and they  did not  p e r m i t  the e f fec t  of Ca "~ on the c o r o n a r y  
v e s s e l s  to be c o m p a r e d  with i t s  e f f ec t  on the h e a r t  m u s c l e ~  

In the i n v e s t i g a t i o n  d e s c r i b e d  be low the a c t i o n  of Ca ++ was  s tud ied  on the i s o l a t e d  h e a r t  when c o n -  
t r a c t i n g  a t  c o n s t a n t  r a t e ,  with s i m u l t a n e o u s  m e a s u r e m e n t  of the s t r e n g t h  of i t s  c o n t r a c t i o n s  and the r a t e  
of the c o r o n a r y  f low.  

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

The i s o l a t e d  h e a r t s  of r a t s  and g u i n e a - p i g s  w e r e  p e r f u s e d  with K r e b s '  so lu t i on  s a t u r a t e d  with 95% 
02+5% CO 2 a t  37~ An a t r i o v e n t r i c u l a r  b l o c k  was  p r o d u c e d  and the v e n t r i c l e s  w e r e  made  to c o n t r a c t  by 
e l e c t r i c a l  s t i m u l a t i o n  a t  the r a t e  of 120 b e a t s / r a i n .  The h e a r t  was  p e r f u s e d  th rough  the a o r t a  u n d e r  a c o n -  
s t an t  p e r f u s i o n  p r e s s u r e  of 70 m m .  A l a t e x  b a l l o o n  was  i n t r o d u c e d  into the le f t  v e n t r i c l e  t h rough  the le f t  
a t r i u m  and the p r e s s u r e  i n s i d e  i t  r e f l e c t e d  the s t r e n g t h  of v e n t r i c u l a r  c o n t r a c t i o n .  ]?he vo lume  of the b a l -  
loon c o r r e s p o n d i n g  to m a x i m a l  s t r e n g t h  of c o n t r a c t i o n  was  f i r s t  e s t a b l i s h e d  and th is  vo lume  r e m a i n e d  c o n -  
s t an t  t h roughou t  the e x p e r i m e n t .  F u l l e r  d e t a i l s  of the me thod  w e r e  given p r e v i o u s l y  [1]. In the c o u r s e  of 
the e x p e r i m e n t  the c o r o n a r y  flow was  m e a s u r e d  by  c o l l e c t i n g  the f lu id  e x p e l l e d  by  the r i gh t  v e n t r i c l e .  

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

D u r i n g  p e r f u s i o n  of the i s o l a t e d  r a t  h e a r t  by  a so lu t ion  with  n o r m a l  (5 m e q / l i t e r )  o r  with ha l f  the n o r -  
ma l  (2.5 m e q / l i t e r )  Ca "H" c o n c e n t r a t i o n  a d i r e c t  r e l a t i o n s h i p  was  found be tw e e n  the c o r o n a r y  flow and the 
d e v e l o p e d  p r e s s u r e  (F ig .  1). In the c o u r s e  of the e x p e r i m e n t  t he se  i n d i c e s  fe l l  g r a d u a l l y ,  but  they  d id  so 
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F i g .  1. R e l a t i o n s h i p  b e t w e e n  c o r o n a r y  flow ( a b s c i s s a )  of the 
i s o l a t e d  ~:at h e a r t  and  p r e s s u r e  d e v e l o p e d  in the le f t  v e n t r i c l e  
(ord ina te )  wi th  n o r m a l  (dots) and half  the n o r m a l  ( c r o s s e s )  
Ca++ c o n c e n t r a t i o n  (each dot  o r  c r o s s  c o r r e s p o n d s  to a 
s e p a r a t e  e x p e r i m e n t ) .  

F ig .  2. D y n a m i c s  of p r e s s u r e  d e v e l o p e d  (1) and of 
c o r o n a r y  flow (2) of the i s o l a t e d  r a t  h e a r t  in r e s p o n s e  
to a twofold i n c r e a s e  in the n o r m a l  Ca ++ c o n c e n t r a t i o n  
(in p e r c e n t  of i n i t i a l  v a l u e s  ; M• m) .  

m o r e  s h a r p l y  if the h e a r t s  w e r e  p e r f u s e d  with a so lu t i on  con ta in ing  a n o r m a l  Ca ++ c o n c e n t r a t i o n .  If, how-  
e v e r ,  the  i n c r e a s e  in Ca++ c o n c e n t r a t i o n  in the so lu t ion  f r o m  2o 5 to 5 m e q / l i t e r  took p l a c e  a c t u a l l y  in the 
c o u r s e  of the e x p e r i m e n t ,  a f t e r  5 -7  ra in  the d e v e l o p i n g  p r e s s u r e  i n c r e a s e d  on the a v e r a g e  by  102 • 8%, but  
the c o r o n a r y  flow i n c r e a s e d  by  only  8 4- 2% c o m p a r e d  with i t s  i n i t i a l  v a l u e .  

With a f u r t h e r  i n c r e a s e  in the Ca ++ c o n c e n t r a t i o n  in the so lu t ion  f r o m  5 to 10 m e q / l i t e r  ( F i g .  2), the 
d e v e l o p i n g  p r e s s u r e  a t  f i r s t  i n c r e a s e d ,  w h e r e a s  the c o r o n a r y  flow fe l l  i m m e d i a t e l y  a f t e r  the r e p l a c e m e n t  
of the s o l u t i o n s .  

Since the r a t ' s  m y o c a r d i u m  d i f f e r s  f r o m  the m y o c a r d i u m  of o the r  m a m m a l s  in c e r t a i n  of i t s  r e s p o n s e s  
which  a r e  b a s e d  on changes  in the Ca ++ m e t a b o l i s m  (by the r e l a t i o n s h i p  be tw e e n  the f r e q u e n c y  and s t r e n g t h  
of c o n t r a c t i o n  [12], and b y  i t s  l o w e r  s e n s i t i v i t y  to g l y c o s i d e s  [3] and to p a i r e d  s t i m u l a t i o n  [9]), the e x p e r i -  
m e n t s  in which  the Ca ++ c o n c e n t r a t i o n  was  s u c c e s s i v e l y  i n c r e a s e d  w e r e  c a r r i e d  out on the h e a r t s  of 
guinea p i g s .  

T h e s e  e x p e r i m e n t s  showed (F ig .  3) tha t  the  g r e a t e s t  i n c r e a s e  in Ca ++ c o n c e n t r a t i o n  (up to 5 m e q /  
l i t e r )  was  a c c o m p a n i e d  by  a m a r k e d  i n c r e a s e  in the s t r e n g t h  of c o n t r a c t i o n  and a s u b s t a n t i a l  i n c r e a s e  in 
the c o r o n a r y  f low. An i n c r e a s e  in the Ca ++ c o n c e n t r a t i o n  above  the n o r m a l  l eve l ,  h o w e v e r ,  l ed  to a d e -  
c r e a s e  in the c o r o n a r y  flow, d e s p i t e  a f u r t h e r  i n c r e a s e  in the p r e s s u r e  d e v e l o p e d .  

The r e s u l t s  of the e x p e r i m e n t s  on the h e a r t s  of g u i n e a - p i g s  and r a t s  show c o n c l u s i v e l y  tha t  an i n -  
c r e a s e  in the Ca ++ c o n c e n t r a t i o n  f r o m  2 .5  to 5 m e q / l i t e r  i s  a c c o m p a n i e d  b y  c o n s i s t e n t  c ha nge s  in the 
s t r e n g t h  of the c o n t r a c t i o n s  and in the r a t e  of the c o r o n a r y  f low.  

In l a r g e  d o s e s  Ca ++ d i s t u r b s  the r e l a t i o n s h i p  u s u a l l y  o b s e r v e d  be tween  the s t r e n g t h  of c o n t r a c t i o n  and 
the r a t e  of the c o r o n a r y  f low.  

The r e s u l t s  of e x p e r i m e n t s  on dogs  to s tudy  the e f fec t  of Ca++ on the c o r o n a r y  b lood  f low a r e  in a g r e e -  
men t  with th i s  v iew.  A n a l y s i s  of the r e s u l t s  of t he se  e x p e r i m e n t s  showed that  the v a s o d i l a t o r  e f fec t  of i n -  
j e c t i o n  of Ca ++ on the c o r o n a r y  v e s s e l s  was  a lways  c o m b i n e d  with  an i n c r e a s e  in the minu te  vo lume  and in 
the  a r t e r i a l  p r e s s u r e  [6, 17], whi le  the a b s e n c e  of th i s  e f fec t  o r ,  c o n v e r s e l y ,  a v a s o c o n s t r i c t o r  e f f ec t  was  
c o m b i n e d  with a b s e n c e  of an i n c r e a s e  in the minu te  vo lume  and a d e c r e a s e  in the r a t e  of c o n t r a c t i o n  [14, 
20], i . e . ,  a change  which i t s e l f  l ed  to a d e c r e a s e  in ~he c o r o n a r y  b lood  flow [4, 16].  

D u r i n g  p r o l o n g e d  in j ec t ion  of Ca ++ the c o r o n a r y  b lood  f low f a l l s  a f t e r  i t s  i n i t i a l  i n c r e a s e ,  d e s p i t e  a 
f u r t h e r  i n c r e a s e  in the minu te  v o l u m e  [17]. 
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When the causes of this effect of Ca ++ are analyzed it must be 
r emembered  that Ca++ is an important  link in the chain of p rocesses  
coupling excitation and contract ion not only in hear t  muscle [2, 5, 13, 
15], but also in the smooth muscles  of the blood vesse l s  [7, 10, 11, 19]. 

The direct  effect of Ca ++ on the vesse l s  is thus to increase  their 
tone. However, this effect in the working heart  can be masked by the 
opposite vasodi lator  effect of the increase  in the strength of the con- 
t ract ions .  The end resul t  is determined by the combination of these 
fac tors .  The relat ive predominance of the direct  vasocons t r ic tor  effect 
of Ca ++ (Figs~ 2 and 3) can be limited to the function of the heart  muscle.  
It is understandable that in the healthy organism,  in which the Ca ++ 
concentrat ion in the plasma is under s t r ic t  control,  such a situation 
cannot arise~ However, if ~.he mechanisms regulating the Ca++ level in 
the blood are  disturbed or after  adminis t rat ion of large doses of 
catecholamines,  one of the important  components of whose action on the 
cell is an increase in Ca ++ metabolism, the direct  vasocons t r ic tor  effect 
of Ca ++ may evidently be one cause of the development of necrot ic  
changes in the myocardium.  
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