
PHARMAC OL OGY 

A D R E N E R G I C  R E C E P T O R S  O F  T H E  F R O G  

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

I .  V .  K o m i s s a r o v  a n d  G .  I .  R e u t s k a y a  UDC 612 .173 .1-06 :612 .178  

C h e l a t i n g  a g e n t s  r e d u c e  the  p o s i t i v e  i n . t r o p i c  e f f ec t  of  c a t e e h o l a m i n e s .  A d d i t i o n  o f  ions  of  b i v a l e n t  
i r o n  r e s t o r e s  t h i s  e f f ec t .  

Since many enzymes concerned in the synthesis and conversion of eatecholamines are metalloen- 
zymes [i, 4, 7], it is also assumed [8, 9, I0] that metals (ions of magnesium or calcium) are present in 
the structure of adrenergic receptors, which have definite enzymic properties. 

Previous investigations [2, 3] have shown that ions of bivalent iron participate in organization of the 
active center of the ce-adrenergic receptors of smooth muscles of the vas deferens, and adrenergie recep- 
tors of smooth muscles of the guinea pig ileum contain iron or manganese. 

The object of the present investigation was to study the character of the metal incorporated into the 
active center of adrenergic receptors of the frog heart, belonging to Ahlquist's category of typical fi-adren- 
ergic receptors [4, 5, 8]. 

EXPERIMENTAL METHOD 

The  h e a r t s  of  w i n t e r  f r o g s  (Rana e s c u l e n t a ) ,  i s o l a t e d  b y  S t r a u b ' s  me thod  and p e r f u s e d  wi th  R i n g e r ' s  
s o l u t i o n ,  w e r e  u s e d  in  the  e x p e r i m e n t s .  The  p o s i t i v e  i n ,  t r o p i c  e f fec t  of the  s u b s t a n c e s  u s e d  was  a s s e s s e d  
f r o m  the i n c r e a s e  in a m p l i t u d e  of  c a r d i a c  c o n t r a c t i o n s  above  the  i n i t i a l  v a l u e ,  t a k e n  a s  100%. The  m e a n  
v a l u e  of  the  e f f ec t  was  d e t e r m i n e d  b y  a v e r a g i n g  the r e s u l t s  of 6-8  s e r i e s  of  e x p e r i m e n t s .  Conf idence  
l i m i t s  of  the  m e a n s  w e r e  d e t e r m i n e d  a t  P = 0.05.  

The  e f f e c t  of the  fo l lowing  s u b s t a n c e s  was  s t u d i e d  on the h e a r t :  a d r e n a l i n  h y d r o c h l o r i d e ,  1 • 10 -8 
and 1 x 10 -7 g / m l ;  n o r a d r e n a l i n  b i t a r t r a t e ,  1 x 10 -8 and 1 • 10 -? g / m l ;  i s o p r o p y l - n o r a d r e n a l i n ,  1 • 10 -9 
and 1 • 10 -8 g / m l ;  s e r o t o n i n  c r e a t i n i n e - s u l f a t e ,  1 • 10 -8 g / m l ;  c a f f e ine  s o d i u m  b e n z o a t e ,  1 x 10 -8 g / m l ;  
and  p o t a s s i u m  c h l o r i d e ,  1 x 10 -3 g / m l .  The  e f f e c t s  of t h e s e  s u b s t a n c e s  w e r e  a l s o  s t u d i e d  on h e a r t s  p r e -  
l i m i n a r i l y  t r e a t e d  wi th  c h e l a t i n g  a g e n t s .  T h e s e  a g e n t s - 8 - h y d r o x y q u i n o l i n e  (8-HQ),  s o d i u m  d i e t h y l d i t h i o -  
c a r b a m a t e ,  Na2CaEDTA , and  t h i o u r e a - w e r e  a d d e d  to the  p e r f u s i o n  f lu id  in c o n c e n t r a t i o n s  of  2 x 10 -3 g / m l  
f o r  7 r a in ,  a f t e r  wh ich  the  h e a r t  was  w a s h e d  out  4 t i m e s  in the  c o u r s e  of 12 ra in .  

In the  nex t  s e r i e s  of e x p e r i m e n t s  the  p o s i t i v e  i n e t r o p i c  e f f ec t  of a d r e n a l i n  was  s t u d i e d  on h e a r t s  
t r e a t e d  wi th  8-HQ and  s u b s e q u e n t l y  by  f e r r o u s  o r  f e r r i c  c h l o r i d e s  of c o b a l t ,  c o p p e r ,  m a n g a n e s e ,  o r  z i n c .  
T h e s e  s a l t s  w e r e  a d d e d  in  c o n c e n t r a t i o n s  of 1 x 10 -G, 2 x 10 -~, and 1 x 10 -4 g / m l .  T h e y  w e r e  a l l o w e d  to 
a c t  on the  h e a r t  fo r  3 ra in ,  a f t e r  which  the  h e a r t  was  w a s h e d  out  wi th  R i n g e r ' s  so lu t i on .  

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

T r e a t m e n t  wi th  s o l u t i o n s  of  t h i o u r e a ,  s o d i u m  d i e t h y l d i t h i o c a r b a m a t e ,  and  Na2CaEDTA in c o n c e n t r a -  
t i o n s  of  1 x 10-4-2  • 10 -3 g / m l  changed  n e i t h e r  the  f r e q u e n c y  n o r  the  a m p l i t u d e  of the  c a r d i a c  c o n t r a c t i o n s .  
8 -HQ,  when u s e d  in  a c o n c e n t r a t i o n  of 2 x l 0  -3 g / m l ,  r a p i d l y  c a u s e d  c a r d i a c  a r r e s t ;  the  a c t i v i t y  of the  
h e a r t  was  r e s t o r e d  c o m p l e t e l y  to  n o r m a l  a f t e r  3 r i n s e s  wi th  R i n g e r ' s  s o l u t i o n  con ta in ing  c a l c i u m .  

The  p o s i t i v e  i n . t r o p i c  e f f e c t  of a d r e n a l i n  on the  h e a r t  was  not  exh ib i t ed  o r  was  s u b s t a n t i a l l y  r e d u c e d  
i f  the  h e a r t  was  p r e l i m i n a r i l y  t r e a t e d  wi th  c h e l a t i n g  a g e n t s  (F ig .  1). Only t h i o u r e a  was  a l m o s t  wi thou t  e f -  
f e c t  on the  a c t i o n  of  a d r e n a l i n .  
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Fig.  1. Effect  of chela t ing  agents  
on pos i t ive  inotropic  effect  of 
a d r e n a l i n  in concen t ra t ions  of 1 • 
10 -8 g / m l  (left) and 1 • 10 -7 g / m l  
(r ight) .  Hor izon ta l ly :  effect  of 
ad rena l i n  be fore  (I) and a f t e r  
t r e a t m e n t  with 8-HQ (II), sodium 
die thyld i th ioca  rbama te  (III), 
Na2CaEDTA (IV), and th iourea  (V); 
v e r t i c a l l y :  i n c r e a s e  in ampl i tude  
of con t rac t ions  of i so l a t ed  h e a r t  
(in pe r cen t  of in i t ia l  value) .  
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Fig.  2. Effect  of S-HQ on pos i t ive  inot ropic  
effect  of se ro tonin  (1), caffeine (2), and 
ca lc ium ions (3). Unshaded columns:  con-  
t rol ;  shaded columns:  a f t e r  t r e a t m e n t  
with chela t ing agents .  

In the same way the chela t ing  compounds s u p p r e s s e d  the pos i t ive  inotropic  effect  of no r a d r e na l i n  and 
i sop rena l ine  on the h e a r t .  However ,  th is  effect  of the chela t ing  compounds was spec i f ic  only for ca t echo l -  
a m i n e s ,  for  the pos i t ive  inot ropic  effect  of se ro ton in ,  caffeine,  and ca lc ium ions was not affected by these  
subs tances  (Fig.  2). 

Meta l l ic  ch lo r ides  added to the per fus ion  fluid in a concent ra t ion  of 1 x 10 -6 g / m l  had no effect  on the 
ampl i tude  of cont rac t ions  of the intact ,  i so la ted  f rog ' s  h e a r t .  In concen t ra t ions  of 2 x 10 -5 g / m l ,  zinc 
ch lo r ide  s topped the h e a r t  while  ions of the o the r  inves t iga ted  me ta l s  e i t h e r  had no effect  on its function o r  
s l igh t ly  (by 5-7%) i n c r e a s e d  the ampl i tude  of the con t rac t ions .  An effect  s i m i l a r  to that  d e s c r i b e d  above 
was produced  by  me ta l l i c  ions in a concent ra t ion  of 1 x 10 -4 g / m l ,  but  the ch lo r ides  of ions and manganese  
(FeC12, MnC12) in the same  concent ra t ion  usua l ly  reduced  the ampli tude of c a r d i a c  con t rac t ions  by 10-15% 
of the in i t ia l  va lue .  

Metal l ic  ions in concen t ra t ions  of 2 • 10 -5 g / m l  had no effect  on the pos i t ive  inotropic  effect  of a d r e n -  
a l ine  on the intact  h e a r t ,  excep t  for zinc ch lor ide  which, as usual ,  stopped the h e a r t .  

The effect  of me ta l l i c  ions was d i f fe ren t  in expe r imen t s  on hea r t s  p r e l i m i n a r i l y  t r e a t e d  with che la t -  
ing agents .  In expe r imen t s  on h e a r t s  p r e l i m i n a r i l y  t r e a t e d  with 8-HQ and then with f e r rous  chlor ide  in a 
concent ra t ion  of 2 x 10 -5 g/~nl,  ad rena l in  produced the s ame  pos i t ive  ino t ropic  ef fec t  as  in expe r imen t s  on 
the intact  h e a r t s  (Fig .  3b). Ions of b iva len t  i ron  thus i n c r e a s e d  the s ens i t i v i t y  of the f r o g ' s  m y o c a r d i u m  to 
ad rena l i n  if this  s ens i t i v i t y  had p r ev ious ly  been  reduced by t r e a t m e n t  with a chela t ing compound. Ions of 
o the r  m e t a l s ,  including t r i v a l e n t  i ron ,  had no such act ion,  but  copper  ch lor ide  under  these  condit ions a c -  
tua l ly  r e v e r s e d  the pos i t ive  inot ropic  effect  of ad rena l in .  

The ab i l i ty  of ions of b iva len t  i ron  to i n c r e a s e  m y o c a r d i a l  s ens i t i v i ty  to adrena l in  when p rev ious ly  r e -  
duced by t r e a t m e n t  with chela t ing  agents  was seen to an even g r e a t e r  deg ree  when f e r r ous  ch lor ide  was 
given in a concen t ra t ion  of I x 10 -4 g / m l  (Fig.  3c). Cobalt  ch lor ide  in the s ame  concent ra t ion ,  however ,  r e -  
v e r s e d  the pos i t ive  inot ropic  effect  of ad rena l in ,  and manganese  chlor ide  had no s igni f icant  effect .  

The r e s u l t s  of expe r imen t s  with ad rena l in  given in a concent ra t ion  of 1 x 10 -8 g / m l  a r e  given in Fig.  
3. Ident ica l  r e s u l t s  were  obtained in expe r imen t s  in which ad rena l in  was given in a concent ra t ion  of 1 x 
10 -7 g / m l .  ,. 

The ability of chelating compounds to depress the positive inotropic effect of catecholamines is evi- 
dently due to a deficiency of ions of the metal incorporated into the structure of the active center of the 

650 



I00" 

f2O 

i1o 

loo 

80 

80 

txl 

130 

I20 

110 

r 

~qO 

80 

Fig. 3. 

1 2 3 ~ 5 ~ 7 8  

Posit ive inotropic 
effect of adrenal in (1 x l0  -8 
g/ml) before (1) and af ter  
t rea tment  of heart  with 8-HQ 
(2) and subsequent t rea tment  
with solutions of chlorides of 
bivalent metals  : iron (3), 
manganese (4), cobalt (5), 
fe r r ic  iron (6), copper (7), 
zinc (8). a) Salts of metals  
in concentra t ion of 1 x 10 -6 
g/ml;  b) in concentrat ion of 
2 • 10 -5 g /ml ;  c) in concen-  
t rat ion of 1 • 10 -4 g /ml .  

adrenerg ic  recep tors  under the influence of chelating agents,  the p r e s -  
ence of the metal being essent ial  for exhibition of the inotropic effect of 
the catecholamines .  This metal cannot be either Ca ++ or Mg ++ ions [8, 
10], for repeated washing out of the chelating compounds with Ringer ' s  
solution containing calcium and magnesium completely abolishes the de- 
ficiency of these ions in the heart tissues if present (experiments to 
study restoration of cardiac contractions stopped by 8-HQ). Since the 
sensitivity of the heart to adrenalin, if depressed by 8-HQ, is completely 
restored by subsequent treatment of the heart with Fe ++, it may be con- 
sidered that ions of the metal incorporated into the structure of the ac- 
tive center of adrenergic myocardial receptors are in fact ions of bi- 
valent iron. This conclusion is confirmed by the fact that ions of the 
other investigated metals, including trivalent iron, had no such action. 
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