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Chapter  10 .  Agents f o r  t h e  Treatment of Heart F a i l u r e  

Simon F.  Campbell and John C .  Danilewicz 

P f i z e r  C e n t r a l  Research,  Sandwich, Kent ,  England 

- I n t r o d u c t i o n  - Heart  f a i l u r e  e x i s t s  when c a r d i a c  f u n c t i o n  i s  compromised 
t o  a p o i n t  t h a t  t h e  needs of  p e r i p h e r a l  o rgans  are n o t  s a t i s f i e d .  Wagner 
and Cohn‘ o f f e r  t h e  f o l l o w i n g  c l a s s i f i c a t i o n s -  s y s t o l i c  f a i l u r e ,  i n  which 
t h e  l e f t  v e n t r i c l e  f a i l s  t o  c o n t r a c t  a d e q u a t e l y ,  d i a s t o l i c  f a i l u r e ,  i n  
which t h e  l e f t  v e n t r i c l e  f a i l s  t o  r e l a x  s u f f i c i e n t l y  and ove r load  o f 2  
h e a r t ,  which i n c l u d e s  volume ove r load  s t a t e s .  
c a r d i a c  f a i l u r e  should n o t  be  viewed s o l e l y  as  a l o w o u t p u t  s ta te  and 
s t resses  t h e  importance of an a p p r o p r i a t e  b a l a n c e  between r i g h t  and l e f t  
h e a r t  f u n c t i o n .  This  i n t e r e s t i n g  view has  been t h e  s u b j e c t  of ve ry  r e c e n t  
comment. 

Burch’ p o i n t s  o u t  t h a t  

Drugs used f o r  t r e a t i n g  h e a r t  f a i l u r e  a r e  p r i m a r i l y  t h e  c a r d i a c  
g l y c o s i d e s  and d i u r e t i c s .  The c a r d i a c  g l y c o s i d e s  are p o s i t i v e  i n o t r o p i c  
a g e n t s ,  i . e .  i n c r e a s e  t h e  f o r c e  of myocardial  c o n t r a c t i o n ,  though t h e i r  
e f f e c t  on c a r d i a c  rhythm may a l s o  b e  impor t an t .  D i u r e t i c s  r e l i e v e  
symptoms of conges t ion  by r educ ing  plasma volume b u t  are n o t  cons ide red  i n  
t h i s  review.  Recen t ly ,  a t t e n t i o n  h a s  been t u r n i n g  t o  t h e  r e sponse  of  t h e  
p e r i p h e r a l  v a s c u l a t u r e  t o  t h e  f a i l i n g  h e a r t  and v a s o d i l a t o r s  are b e i n g  
i n c r e a s i n g l y  i n v e s t i g a t e d .  A number of new i n o t r o p i c  a g e n t s  a l s o  a p p e a r t o  
b e  i n  v a r i o u s  s t a g e s  of  development.  T h i s  review i s  p r i m a r i l y  concerned 
withdevelopments  ove r  t h e  l a s t  two y e a r s .  

Ca rd iac  Glycos ides  - The s i d e  e f f e c t s  of c a r d i a c  g l y c o s i d e s  are w e l l  
r ecogn i sed4  though i n  a p r o s p e c t i v e  s tudy  i n v o l v i n g  649 p a t i e n t s  on 
maintenance the rapy  w i t h  d i g i t o x i n ,  a low i n c i d e n c e  (5.8%) was found. ’ 
T h i s  was a s c r i b e d  t o  c a r e f u l  usage of  t h e  g l y c o s i d e .  Ca rd iac  g l y c o s i d e s  
a r e  p a r t i c u l a r l y  e f f e c t i v e  i n  c a s e s  where c a r d i a c  rhythm i s  a c c e l e r a t e d .  
Indeed,  t h e i r  u se  i n  f a i l u r e  accompanied by normal s i n u s  rhythm has  been 
ques t ioned  . 6 - g  

C u r r e n t l y  t h e r e  is  a d e b a t e  o f  c o n s i d e r a b l e  i n t e r e s t  on t h e  mechanism 
of a c t i o n  of c a r d i a c  g l y c o s i d e s .  One view is  t h a t  t h e  p o s i t i v e  i n o t r o p i c  
a c t i v i t y  o f  t h e s e  a g e n t s  i s  due t o  t h e  i n h i b i t i o n  of myocardial  c e l l  
membrane Na’-K’ t r a n s p o r t  ATPase (Na+-pump). The f u n c t i o n  of t h i s  system 
is t o  exchange i n t r a c e l l u l a r  Na’ f o r  e x t r a c e l l u l a r  K’, which i s  ach ieved  
i n  a r a t i o  of approximately 3 : 2 .  The trans-membrane i o n  f l u x e s  invo lved  
i n  t h e  e x c i t a t i o n - c o n t r a c t i o n  p r o c e s s  a r e  complex and have been r e c e n t l y  
d i s c u s s e d .  3 ’ Cons ide r ing  o n l y  Na’, t h e  p r o c e s s  i s  v i s u a l i s e d  to  f u n c t i o n  
a s  f o l l o w s :  ( a )  Na’ r a p i d l y  e n t e r s  t h e  c e l l  on e x c i t a t i o n ,  @) i n c r e a s i n g  
i n t r a c e l l u l a r  “a+] p r o g r e s s i v e l y  a c t i v a t e s  t h e  pump t o  t h e  p o i n t  when 
Na+ e x t r u s i o n  b a l a n c e s  e n t r y  and peak “a+] i s  ach ieved ,  ( c )  t he  pump, by 
t h e n  f u l l y  a c t i v a t e d ,  coupled wi th  reduced p a s s i v e  membrane p e r m e a b i l i t y  
t o  Na’, r e p o l a r i s e s  t h e  c e l l  by r e t u r n i n g  “a+] t o  r e s t i n g  l e v e l s .  The 
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temporary i n c r e a s e  i n  i n t r a c e l l u l a r  "a+] is  termed t h e  "Na+ t r a n s i e n t " .  
Pump i n h i b i t i o n  w i l l  a l l o w  Na+ e n t r y  t o  p e r s i s t  a t  a h i g h e r  ra te ,  reach a 
g r e a t e r  maximum c o n c e n t r a t i o n  and reduce i t s  r a t e  of e x t r u s i o n  from t h e  
c e l l .  The Na+ t r a n s i e n t  is  t h u s  i n c r e a s e d ,  r e s u l t i n g  i n  a g r e a t e r  mobil i -  
s a t i o n  of  C a t + ,  which c o n t r o l s  c o n t r a c t i o n .  " 9  l 3  With o n l y  p a r t i a l  i n h i -  
b i t i o n ,  i t  i s  n o t  necessa ry  t o  invoke n e t  Na+ accumulat ion a t  t h e r a p e u t i c  
doses  of c a r d i a c  g l y c o s i d e s .  However, as doses  i n c r e a s e ,  t h e  pump w i l l  be 
i n h i b i t e d  t o  a deg ree  t h a t  t h e  e x t r u s i o n  of Na+ w i l l  be  incomple t e  b e f o r e  
t h e  beg inn ing  of t h e  n e x t  d e p o l a r i s a t i o n  c y c l e .  Th i s  r e s u l t s  i n  p rogres -  
s i v e  Na' accumulat ion and e v e n t u a l l y  t o  myocardial  i n t o x i c a t i o n .  T o x i c i t y  
and t h e r a p e u t i c  e f f e c t  a r e  seen  t h e r e f o r e  t o  depend on t h e  same biochemical 
mechanism and t h i s  poses  c o n s i d e r a b l e  problems when s e a r c h i n g  f o r  a g e n t s  of 
t h i s  c l a s s  w i th  a g r e a t e r  margin of s a f e t y .  

The a l t e r n a t i v e  view i s  t h a t  t h e  p o s i t i v e  i n o t r o p i c  a c t i v i t y  of t h e  
c a r d i a c  g l y c o s i d e s  can  be ach ieved  independen t ly  of Na+-pump i n h i b i t i o n .  
I n  c a r d i a c  t i s s u e  exposed t o  ouaba in ,  t h e  i n o t r o p i c  e f f e c t  d i s a p p e a r s  i n  
minutes  a f t e r  wash-out w h i l s t  c a r d i a c  t o x i c i t y  pers i s t s  f o r  s e v e r a l  
hour s .  1 4 ,  l 5  In i s o l a t e d  guinea-pig a t r i a ,  s t a r t i n g  w i t h  low d o s e s  (lo-'- 
lO-'M) of ouaba in ,  i n o t r o p i s m  i s  a s s o c i a t e d  wi th  s t i m u l a t i o n  of t h e  Na+- 
pump. C o n c e n t r a t i o n s  above t h i s  range c a u s e  f u r t h e r  i n c r e a s e s  i n  s y s t o l i c  
t e n s i o n  b u t  w i t h  pump i n h i b i t i o n . 1 6  Furthermore,  i n  t h e  same t i s s u e  t h e r e  
are h i g h  and low a f f i n i t y  o u a b a i n - s p e c i f i c  b i n d i n g  s i tes  l i n k e d  t o  pump 
s t i m u l a t i o n  and i n h i b i t i o n  r e s p e c t i v e l y . "  
been demonstrated w i t h  ouabain 
w h i l s t  measurement of myocardial  K G n t e n t  d u r i n g  t h e  development of 
d i g o x i n  p o s i t i v e  i n o t r o p i s m  s u g g e s t s  pump s t i m u l a t i o n .  l 9  
s t i m u l a t i o n  r e s u l t s  i n  a g r e a t e r  m o b i l i s a t i o n  of Ca* remains t o  be 
exp la ined  b u t  t h e  demons t r a t ion  t h a t  a n  i n o t r o p i c  e f f e c t  i s  p o s s i b l e  
wi thou t  pump i n h i b i t i o n ,  which is  known t o  be  a s s o c i a t e d  w i t h  t o x i c i t y ,  
should g i v e  encouragement f o r  a more v igo rous  s e a r c h  f o r  s a f e r  agen t s . "  

P o s i t i v e  i n o t r o p i c  a c t i v i t y  h a s  
v ivo  i n  t h e  dog wi thou t  pump i n h i b i t i o n : '  

How pump 

A c o m p l i c a t i n g  f a c t o r  i n  t h e  i n t e r p r e t a t i o n  of t h e  mode of a c t i o n  of  
t h e  c a r d i a c  g l y c o s i d e s  i n  v i v o  i s  t h a t  t hey  have n e u r o e x c i t a t o r y  a c t i v i t y .  
A s i g n i f i c a n t  vagomimetic a c t i o n  h a s  been demonstrated a t  t h e r a p e u t i c  
d o ~ e ~ ~ ~ - ~ ~  and t h i s  probably a c c o u n t s  f o r  t h e i r  e f f e c t i v e n e s s  i n  a t r i a l  
f l u t t e r  and f i b r i l l a t i o n  .'' 
has  been shown t o  c o i n c i d e  w i t h  t h e  o n s e t  of a r rhy thmia  i n  animals ."  
group conc lude  t h a t  t h e  pr imary s i t e  of a c t i o n  i s  w i t h i n  t h e  p e r i  h e r a l  
nervous s y s t e m , 2 6  w h i l s t  a n o t h e r  f i n d  i t  t o  be c e n t r a l  i n  o r i g i n .  
Rese rp ine ,  g u a n e t h i d i n e  and B-blockersZ7 a s  w e l l  as c l o n i d i n e "  p r o t e c t  
a g a i n s t  c a r d i a c  glycoside- induced a r r h y t h m i a s  i n  an ima l s ,  t h u s  i m p l i c a t i n g  
t h e  involvement of t h e  sympa the t i c  nervous system. It h a s  been  sugges t ed  
t h e r e f o r e  t h a t  a c a r d i a c  g l y c o s i d e  which does n o t  e n t e r  t h e  b r a i n  may have 
a s a f e t y  advan tage .  

-- 

A d d i t i o n a l l y ,  sympa the t i c  n e r v e  s t i m u l a t i o n  
One 

P S  

2 4  

Card iac  Glycos ide  Analogues - An aminosugar c a r d i a c  g l y c o s i d e  , ASI-222 (L) 
produced a g r e a t e r  maximum i n c r e a s e  i n  c o n t r a c t i l e  f o r c e  t h a n  ouabain and 
d i g o x i n  i n  t h e  dog w i t h  a more r a p i d  o n s e t  of a c t i v i t y ,  g r e a t e r  potency and 
less e v i d e n c e  of t o x i c i t y .  A s t u d y  i n c l u d i n g  a c l o s e  analogue,  ASI-254 
( L ) ,  showed t h a t  t h e  g r e a t e r  t h e r a p e u t i c  i ndex  of  t h e s e  compounds i s  n o t  
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a s s o c i a t e d  w i t h  reduced i n h i b i t i o n  o f  Na'-K'ATpa~e.~l I n  t h e  r a t  
3 ~ - a c e t y l t h i o - 3 - d e o x y d i g i t o x i g e n i n  may have  a t o x i c i t y  advan tage  ove r  3-0- 
a c e t y l - d i g i t o x i g e n i n .  3 2  

t i s e d  d o g s ,  Actinogen ( a c t o d i g i n ,  AY-22,241) (3) w a s  i n o t r o p i c  a t  lower 
f r a c t i o n s  o f  t h e  t o x i c  dose .  
t o x i c i t y  were a l s o  more r a p i d . 3 3  T h i s  p a r a l l e l e d  r e s u l t s  o b t a i n e d  w i t h  
t h e  i s o l a t e d  Na+-K'ATPase enzyme3' and though n o t  e f f e c t i v e  on a c u t e  
a d m i n i s t r a t i o n  t o  p a t i e n t s  w i t h  c o n g e s t i v e  h e a r t  f a i l u r e ,  a c t o d i g i n  proved 
ve ry  e f f e c t i v e  i n  c o n t r o l l i n g  a t r i a l  f i b r i l l a t i ~ n . ~ ~  
AQM-263 (4) h a s  shown s l i g h t l y  g r e a t e r  po tency  than  d i g o x i n .  3 7  T h i s  
fo l lows  from t h e  ear l ie r  demons t r a t ion  t h a t  t h e  a c t i v i t y  o f  d i g i t o x i g e n i n  
cou ld  b e  e s s e n t i a l l y  r e t a i n e d  by r e p l a c i n g  t h e  l a c t o n e  r i n g  by some open 
c h a i n  u,B-unsaturated s y s t e m s . 3 8  However, i t  i s  now c l e a r  t h a t  t h e  
p re sence  o f  a n  u ,B-unsa tu ra t ed  system i s  n o t  n e c e s s a r y  f o r  i n o t r o p i c  o r  
Na+-K'ATPase i n h i b i t o r y  a c t i v i t y .  The f u r a n  ana logue  (5)  - shows comparable 
i n o t r o p i c  a c t i v i t y  t o  d i g i t o x i n  i n  i s o l a t e d  guinea-pig a t r i a 3 '  and a 
g r e a t e r  margin o f  s a f e t y  t h a n  d i g i t o x i n  i n  t h e  a n a e s t h e t i s e d  dog .40  
compound, SC-4453, i n  which t h e  178- l ac tone  r i n g  o f  d i g o x i n  i s  r e p l a c e d  

8-D-galactopyranosyl.  

I n  a compara t ive  s t u d y  wi th  ouaba in  i n  a n a e s t h e -  

The o n s e t  of a c t i v i t y  and r e c o v e r y  from 

I n  a v o l u n t e e r  s t u d y ,  

A 

CN 

0 & H &@@& H3 0 0  H - 5 R=OH, At X=3-fury17 

R1=4-0-(2,6-dideoxy-D- 
r ibohexopyranosy l ) -2 ,6 -  
dideoxy-D-ribohexopyranosyl. 

4 AQM-263 

-# L-glucopyranosyl .  7 R= 8-D- g 1 uc o p y r ano sy 1 

R 
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by a 4 -pyr idaz iny l  group, h a s  shown s i m i l a r  Na+-K+ATPase i n h i b i t o r y  
a c t i v i t y  t o  d i g ~ x i n . ~ ~  An ana logue ,  SC-4362 (6 )  i s  a t e n t h  as  p o t e n t  and 
i s  claimed t o  have been e f f e c t i v e  i n  a case of-cardiac f a i l u r e . 4 2  
ment of t h e  s t e r o i d  system i n  c a r d i a c  g l y c o s i d e s  by a l t e r n a t i v e  s i m p l i f i e d  
s t r u c t u r e s  h a s  been d i s a p p o i n t i n g .  An i n t e r e s t i n g  e x c e p t i o n  is compound 
(1) which h a s  shown g r e a t e r  i n o t r o p i c  e f f i c a c y  t h a n  ouaba in  i n  i s o l a t e d  
h e a r t s  w i t h  c o n s i d e r a b l y  less ev idence  o f  t o x i c i t y .  4 3  

Replace- 

V a s o d i l a t o r s  - The u s e  and mechanism of v a s o d i l a t o r s  i n  t h e  t r e a t m e n t  of 
h e a r t  f a i l u r e  have been e x t e n s i v e l y  reviewed i n  1977 .44-48 
a c t i o n  is i n t e r p r e t e d  by c o n s i d e r i n g  t h r e e  p o i n t s  :- p r e l o a d ,  which 
d e t e r m i n e s  v e n t r i c u l a r  f i l l i n g  p r e s s u r e ,  t h e  i n o t r o p i c  s ta te  of t h e  h z ,  
t h a t  i s  t h e  a b i l i t y  t o  perform work and a f t e r l o a d ,  which is a measure of 
a r t e r i a l  impedance t o  t h e  e j e c t i o n  of b l o o d  d u r i n g  ~ y s t o l e . ~ ’  I n  h e a l t h ,  
s t r o k e  volume can  b e  ma in ta ined  w i t h i n  l i m i t s  i n  t h e  f a c e  of v a r y i n g  out-  
f low impedance and ,  t h e r e f o r e ,  v a s o d i l a t a t i o n  may produce h y p o t e n s i o n  i f  
c a r d i a c  o u t p u t  i s  n o t  s u f f i c i e n t l y  augmented by t h e  r e f l e x  i n c r e a s e  i n  
h e a r t  r a t e .  I n  decompensated h e a r t  f a i l u r e ,  however, where no c a r d i a c  
r e s e r v e  ex i s t s ,  s t r o k e  volume b e a r s  a much a c c e n t u a t e d  i n v e r s e  r e l a t i o n -  
s h i p  t o  o u t p u t  impedance so t h a t  a r e d u c t i o n  i n  p e r i p h e r a l  r e s i s t a n c e  
c a u s e s  a n  i n c r e a s e  i n  s t r o k e  volume. C a r d i a c  o u t p u t  can t h e r e f o r e  be 
i n c r e a s e d  w i t h  l i t t l e  e f f e c t  on blood p r e s s u r e  and h e a r t  ra te  under  
optimum c o n d i t i o n s .  Thus , by r e d u c i n g  o u t p u t  impedance, which i s  
g e n e r a l l y  r a i s e d  i n  h e a r t  f a i l u r e ,  v a s o d i l a t o r s  e x e r t  a s a l u t a r y  e f f e c t  on 
c a r d i a c  performance.  Most d i l a t o r s  a l s o  c a u s e  v e n o d i l a t a t i o n  t o  v a r y i n g  
d e g r e e s  and so by r e d u c i n g  p r e l o a d ,  w i l l  r e l i e v e  symptoms o f  pulmonary 
c o n g e s t i o n  and d e c r e a s e  myoca rd ia l  oxygen consumption by r educ ing  h e a r t  
s i z e .  However, i f  venous p o o l i n g  p redomina te s ,  a s  w i t h  t h e  n i t r a t e s ,  t h e  
advan tages  ga ined  i n  r e d u c i n g  a f t e r l o a d  w i l l  b e  l o s t ,  w i t h  l i t t l e  o v e r a l l  
change i n  s t r o k e  volume u n l e s s  l e f t  v e n t r i c u l a r  end d i a s t o l i c  p r e s s u r e  i s  
markedly r a i s e d ,  when t h e  h e a r t  i s  presumably f u n c t i o n i n g  on t h e  descend ing  
p a r t  of t h e  F r a n k - S t a r l i n g  cu rvd .  T h e r e f o r e ,  i n  a n a l y s i n g  t h e  e f f e c t s  of 
v a s o d i l a t o r s ,  i t  i s  impor t an t  t o  c o n s i d e r  b o t h  t h e  o v e r a l l  haemodynamic 
e f f e c t  and t h e  p a t h o p h y s i o l o g i c a l  s t a t e  of t h e  p a t i e n t . 4 9 ’ 5 0  

T h e i r  mode of 

The c u r r e n t  p o s i t i o n  w i t h  r e s p e c t  t o  sodium n i t r o p r u s s i d e ,  n i t r o -  
g l y c e r i n  and i s o s o r b i d e  d i n i t r a t e  i s  summarised i n  t h e  r e c e n t  reviews .44--48 
The p r i n c i p a l  a c t i o n  of t h e  n i t r a t e s  a p p e a r s  t o  be on t h e  venous c i r cu la t ion  
and though a r e d u c t i o n  i n  p r e l o a d  i s  o b s e r v e d ,  t h e  e f f e c t  on c a r d i a c  o u t p u t  
i s  v a r i a b l e .  Sodium n i t r o p r u s s i d e  h a s  a r a t h e r  more b a l a n c e d  a c t i o n  on 
p r e l o a d  and a f t e r l o a d  b u t  i t s  u s e  is l i m i t e d  t o  p a r e n t e r a l  a d m i n i s t r a t i o n .  
Oral phentolamine h a s  shown a b e n e f i c i a l  e f f e c t  e x t e n d i n g  t o  f o u r  h o u r s ,  
though t a c h y c a r d i a  may b e  a p r ~ b l e m . ~ ’  
b e n e f i t e d  from a s low release f o r m u l a t i o n  a c t i n g  ove r  1 2  h o u r s . ”  Ten 
p a t i e n t s  w i t h  r e f r a c t o r y  h e a r t  f a i l u r e  have shown c l i n i c a l  improvement 
w i t h  h y d r a l a z i n e S 3  and i n  a f u r t h e r  r e p o r t ,  c a r d i a c  o u t p u t  w a s  shown t o  
i n c r e a s e  w i t h o u t  a l t e r a t i o n  i n  venous compliance.  5 4  I n  f a c t ,  t h e  r e l a t i v e  
l a c k  of e f f e c t  o f  h y d r a l a z i n e  on t h e  venous c i r c u l a t i o n  may l i m i t  i t s  
u t i l i t y  i n  c o n g e s t i v e  h e a r t  f a i l u r e  and i t s  b e n e f i c i a l  combina t ion  w i t h  
n i t r a t e s  a d m i n i s t e r e d  ove r  a 3-10 month 
Re levan t  i n  t h i s  c o n t e x t  i s  t h a t  h y d r a l a z i n e  h a s  a d i r e c t  c a r d i a c  stimulant 

However, most of  40 p a t i e n t s  

p e r i o d  h a s  been r e p o r t e d . 5 5  
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a c t i o n  which i s  mediated by 8 -ad renocep to r s .56  
un respons ive  t o  n i t r a t e s  responded t o  m i n o x i d i l  w i t h  a s i g n i f i c a n t  increase 
i n  c a r d i a c  o u t p u t  w i t h o u t  t a c h y c a r d i a  o r  h y p o t e n s i o n . 5 7  
i n c r e a s e d  s t r o k e  volume i n  s i x  p a t i e n t s ,  r e d u c i n g  bo th  sys t emic  and 
pulmonary v a s c u l a r  r e s i s t a n c e .  ” Ten p a t i e n t s  t r e a t e d  w i t h  p r a z o s i n  
showed b e n e f i c i a l  e f f e c t s  p e r s i s t i n g  a t  l eas t  s i x  h o u r s ,  i n c r e a s e d  c a r d i a c  
index  b e i n g  accompanied by a r e d u c t i o n  b o t h  i n  a r t e r i a l  and venous t o n e . 5 9  
The compound h a s  a l s o  shown s u b s t a n t i a l  b e n e f i t  on d a i l y  a d m i n i s t r a t i o n  
ove r  a two week p e r i o d . 6 0  
a p p e a r s  t o  be s imi la r  t o  t h a t  o f  p a r e n t e r a l  sodium n i t r o p r u s s i d e . 6 1  

A p a t i e n t  who was 

Oral t r i m a z o s i n  

I ts  haemodynamic a c t i o n  on o r a l  a d m i n i s t r a t i o n  

Beta-Adrenoceptor S t i m u l a n t s  - Myocardial  n o r a d r e n a l i n e  l e v e l s  are  rrarkedly 
reduced i n  h e a r t  f a i l u r e  and t h e r e  may a l s o  be a dep res sed  i n o t r o p i c  
r e sponse  t o  r e l e a s e d  t r a n s m i t t e r .  6 2 y  6 3  

t h e r e f o r e  f i n d  use  i n  h e a r t  f a i l u r e  b u t  s e l e c t i v e  s t i m u l a t i o n  of f o r c e  
r a t h e r  t han  r a t e  o f  c o n t r a c t i o n  i s  paramount. Controversy c o n t i n u e s  o v e r  
t h e  f u r t h e r  s u b - d i v i s i o n  of c a r d i a c  8 - r e c e p t o r s  i n t o  i n o t r o p i c  and chrono- 
t r o p i c  types ,  w h i l e  i n  t h e  whole an ima l  any i n t r i n s i c  f o r c e -  o r  rate- 
s e l e c t i v i t y  o f  an  a g o n i s t  can  b e  g r e a t l y  mod i f i ed  by a whole r ange  of 
compensatory mechanisms .64-66 

8-1 a d r e n o c e p t o r  a g o n i s t s  may 

Dobutamine (Dobutrex) (8) was launched o n t o  t h e  U K  h o s p i t a l  market  
i n  1 9 7 7  f o r  u s e  a f t e r  myocardTa1 i n f a r c t i o n  and c a r d i a c  s u r g e r y .  
of dopamine ( I n t r o p i n )  and dobutamine i n  h e a r t  f a i l u r e  h a s  been r e v i e ~ e d . ~ ’  
The c a r d i a c  e f f e c t s  of b o t h  compounds are  blocked by p r o p r a n o l o l i n d i c a t i n g  
8 - recep to r  med ia t ion .  There is  l i t t l e  ev idence  f o r  t h e  involvement  o f  
dopamine r e c e p t o r s .  Dobutamine is  r e p o r t e d  t o  b e  s u p e r i o r  t o  dopamine i n  

low o u t p u t  a l though  i t s  
f o r c e f r a t e  s e l e c t i v i t y  h a s  been 
q u e s t i o n e d .  Both c a t e c h o l a m i n e s  
have t o  be g iven  by i n t r a v e n o u s  
i n f u s i o n  and have a s h o r t  d u r a t i o n  of 

HO - a c t i o n ,  a l t h o u g h  c l i n i c a l  improvement 
w a s  ma in ta ined  f o r  a t  least  one week 
a f t e r  a 7 2  h r  i n f u s i o n  of d o b ~ t a m i n e . ~ ‘  
Dopamine and n i t r o p r u s s i d e  have been  

The use  

7 0  

dobut  amine 

H o x p f l o H  
combined advan tageous ly .  ’ 
r e p o r t e d .  7 3  

The metabol ism of dobutamine i n  dogs h a s  been  

I n t r a g a s t r i c  a d m i n i s t r a t i o n  of t a z o l o l  (2) t o  c o n s c i o u s  dogs produced 
a marked i n c r e a s e  i n  r i g h t  v e n t r i c u l a r  c o n t r a c t i o n  w i t h  l i t t l e  e f f e c t  on 
h e a r t  r a t e . 7 4  
Chinese medicine,  h a s  been i d e n t i f i e d  as t h e  8 -agon i s t ,  higenamine (10) - 

The c a r d i a c  s t i m u l a n t  from a c o n i t e  r o o t ,  l o n g  used i n  
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and t h e  c r y s t a l  s t r u c t u r e  h a s  been d e t e r m i n e d . 7 5 9 7 6  H 80162 (11) is s a i d  
t o  produce i n o t r o p i c  s t i m u l a t i o n  i n  man w i t h  o n l y  l i t t l e  c h a n g e i n  h e a r t  
ra te  and p e r i p h e r a l  v a s c u l a r  r e ~ i s t a n c e ' ~  w h i l e  o x y f e d r i n e ,  a weak 8- 
r e c e p t o r  a g o n i s t ,  a l s o  showed a p o s i t i v e  i n o t r o p i c  a c t i o n  i n  v o l u n t e e r s .  

P h o s p h o d i e s t e r a s e  I n h i b i t o r s  (PDEIs) - Although t h e r e  are numerous examples 
of p o t e n t  PDEIs, l i t t l e  s u c c e s s  has b e e n  ach ieved  i n  t h e  p a s t  i n d e v e l o p i n g  
a u s e f u l  i n o t r o p i c  a g e n t .  Both t h e o p h y l l i n e  and p a p a v e r i n e  have c a r d i a c  
s t i m u l a n t  a c t i v i t y  b u t  t h e i r  u s e  is l i m i t e d  by a r ange  of a d d i t i o n a l  
pha rmaco log ica l  p r o p e r t i e s  r e s u l t i n g  p robab ly  from poor  t i s s u e  and i s o -  
enzyme s e l e c t i v i t y .  79 
t o  PDEI o f t e n  i n t r u d e . e 0 - 8 2  
cGMP on myoca rd ia l  c o n t r a c t i l i t y Y s 3 y e 4  a b a s i c  r equ i r emen t  f o r  a u s e f u l  
c a r d i a c  s t i m u l a n t  from t h i s  m e c h a n i s t i c  c l a s s  would b e  marked s e l e c t i v i t y  
f o r  CAMP- r a t h e r  t h a n  cGMP-PDE. 

A d d i t i o n a l l y ,  o t h e r  m e c h a n i s t i c  e f f e c t s  n o t  r e l a t e d  
I n  view of t h e  opposing e f f e c t s  o f  CAMP and 

HZPh 

I n t e r e s t  i n  t h i s  area may b e  s t i m u l a t e d  by U K - 1 4 , 2 7 5  (12) which i s  
some twenty t i m e s  more p o t e n t  t h a n  t h e o p h y l l i n e  as a n  i n h i b i t o r  of CAMP- 
PDE and which i s  a n  o r a l l y  a c t i v e ,  s e l e c t i v e  i n o t r o p i c  agen t . "  I n f u s i o n  
i n t o  normal v o l u n t e e r s s 6  o r  p a t i e n t s  w i t h  co rona ry  h e a r t  d i s e a s e "  r e s u l t e d  
i n  i n c r e a s e d  myoca rd ia l  c o n t r a c t i l i t y  w i t h o u t  h y p o t e n s i o n ,  t a c h y c a r d i a  o r  
s u b j e c t i v e  s i d e  e f f e c t s  b e i n g  obse rved .  P h t h a l a z i n o l  (EG 626) (13) i s  a 
p o t e n t  s e l e c t i v e  i n h i b i t o r  of human p l a t e l e t  CAMP-PDE." A d m i n i s t r a t i o n  
(300mg p .0 . )  t o  p a t i e n t s  w i t h  i s chaemic  h e a r t  d i s e a s e  r e s u l t e d  i n  a n  
i n c r e a s e  i n  c a r d i a c  o u t p u t  b u t  t h i s  c o u l d  n o t  b e  a t t r i b u t e d  unambiguously 
t o  a p o s i t i v e  i n o t r o p i c  e f f e c t . "  The s - t r i a z o l o ( l , 5 a )  py r imid ine  
d e r i v a t i v e  (14) i s  one of a r e l a t e d  series of P D E I s  which i n c r e a s e d  cardiac 
o u t p u t  i n  t h e  dog w i t h  l i t t l e  e f f e c t  on h e a r t  r a t e . g 0  

C y c l i c  N u c l e o t i d e  Analogues - SQ 80,122 (15) - i s  s u p e r i o r  t o  dibutyryl-CAMP 
as a n  i n o t r o p i c  a g e n t ,  p o s s i b l y  a c t i n g  
by s t i m u l a t i o n  of a CAMP-dependent 

SQ 80,122 produced a p o s i t i v e  i n o t r o p i c  
N ? W 2 P h  - 15 e f f e c t  n o t  a t t e n u a t e d  by 8-blockade, 

w i t h  l i t t l e  e f f e c t  on blood p r e s s u r e  

NHC4H9(nl p r o t e i n  k i n a s e .  9 1  I n  t h e  dog, 

sQ 8 0 , 1 2 2  
'R and h e a r t  r a t e .  

4, 

R=~-D-ribofuranosyl-3',5'-cyclicphosphate 

Ionophores  - The i n v e s t i g a t i o n  of ionophores  as  c a r d i a c  s t i m u l a n t s  h a s  
proved a t t r a c t i v e  ove r  t h e  p a s t  few y e a r s  due t o  t h e  a v a i l a b i l i t y  of a 
r ange  of compounds which t r a n s p o r t  mono- and d i - v a l e n t  c a t i o n s  a c r o s s  
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b i o l o g i c a l  membranes. 9 2  
a c t i v i t y  bo th  i n  v i t r o  and y i ~  b u t  t h e s e  e f f e c t s  a re  reduced a f t e r  p- 
b lockade ,  9 3 9 9 4 - -  s u g g e s t i n g  _I- a n  i n d i r e c t  mechanism h e a v i l y  dependent  on 
ca t echo lamine  r e l e a s e . 9 5  T h i s  mode of a c t i o n ,  t o g e t h e r  w i t h  t h e  wide range 
of b i o l o g i c a l  a c t i v i t i e s  t h e s e  compounds p o s s e s s ,  may w e l l  l i m i t  c l i n i c a l  
u s e f u l n e s s .  

Various ionophores  have  shown marked i n o t r o p i c  

Card iac  S t i m u l a n t  P e p t i d e s  - The e x c i t i n g  development i n  t h i s  area,  which 
may have a profound impact on our  u n d e r s t a n d i n g  of t h e  mechanisms o f  
c a r d i a c  c o n t r a c t i o n ,  h a s  been t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  of a cardiac 
s t i m u l a n t  p o l y p e p t i d e  from t h e  sea anemone Anthonleura xanthovrammica. 9 6 9  " 

The compound, a n t h o p l e u r i n  A (AP-A), a f o r t y n i n e  u n i t  p o l y p e p t i d e ,  i s  some 
t h i r t y  t i m e s  more p o t e n t  t han  d i g o x i n  as a c a r d i a c  s t i m u l a n t  i n  t h e  
a n a e s t h e t i s e d  dog and h a s  a b e t t e r  t h e r a p e u t i c  r a t i o .  I n t e r e s t i n g l y ,  
t h e  amino a c i d  sequence i s  remarkably s imi l a r  t o  t h e  s o - c a l l e d  t o x i n  I1 
i s o l a t e d  from Anemonia s u l c a t a  b u t  t h e  l a t t e r  i s  a less e f f e c t i v e  c a r d i a c  
s t i m u l a n t ,  poss-ibly hav ing  a d i f f e r e n t  mode of a c t i o n .  
s t i m u l a n t  potency of AP-A, coupled w i t h  a mode of a c t i o n  which i s  d i f f e r e n t  
from o t h e r  known i n o t r o p i c  a g e n t s ,  w i l l  no doubt  s t i m u l a t e  s p e c u l a t i o n  on 
t h e  p o s s i b i l i t y  of a n a t u r a l  i n o t r o p i c  p e p t i d e  r e c e p t o r / t r a n s m i t t e r  system, 
p a r t i c u l a r l y  i n  l i g h t  of r e c e n t  developments  i n  t h e  morph ine /enkepha l in  
a r ea .  

99 The c a r d i a c  

~ ~ - _ _ - -  Alpha-Adrenergic and Histamine Agon i s t s  - The predominant r o l e  of 
myoca rd ia l  8 - r e c e p t o r s  is  w e l l  e s t a b l i s h e d  b u t  ev idence  i s  now accumulating 
f o r  t h e  a d d i t i o n a l  p r e s e n c e ,  i n  some s p e c i e s ,  of a ,  H - 1  and H-2 r e c e p t o r s  
a l t h o u g h  t h e i r  p h y s i o l o g i c a l  s i g n i f i c a n c e  s t i l l  awai t s  c l a r i f i c a t i o n .  The 
a - a g o n i s t s  methoxamine and pheny lephr ine  produce p o s i t i v e  i n o t r o p i c  e f f e c t s  
i n  ca t  p a p i l l a r y  muscle '00 and r a t  h e a r t  l o '  r e s p e c t i v e l y  w i t h o u t  a c t i v a t i o n  
of t h e  adeny l  cyclase/cAMP system. 
s t i m u l a t i o n  of a - r e c e p t o r s  i n  ra t  h e a r t  l e a d s  t o  a d e c r e a s e  i n  cAMP'02 and 
a n  i n c r e a s e  i n  cGMP.'03 
i n t e r c o n v e r t i b l e  under  c e r t a i n  c o n d i t i o n s 1 0 4 '  l o 5  h a s  been q u e s t i o n e d  . 

Indeed ,  i t  h a s  been sugges t ed  t h a t  

The s u g g e s t i o n  t h a t  c a r d i a c  a- and 8 - r e c e p t o r s  are 

Histamine h a s  been known s i n c e  Dale's work t o  produce an  i n o t r o p i c  
e f f e c t  b u t  i t  i s  o n l y  r e c e n t l y  t h a t  c a r d i a c  h i s t a m i n e  r e c e p t o r s  have been 
c l a s s i f i e d .  l o '  , l o '  The s i t u a t i o n  is complex, however, a s  i n  guinea-pig 
h e a r t ,  H-1 r e c e p t o r s  are p r e s e n t  i n  t h e  l e f t  a t r i u m  and r i g h t  v e n t r i c l e  
w i t h  H-2 r e c e p t o r s  i n  t h e  r i g h t  a t r i u m  and v e n t r i c l e .  S t i m u l a t i o n  of 
e i t h e r  r e c e p t o r  can produce a p o s i t i v e  i n o t r o p i c  e f f e c t  b u t  o n l y  H-2 
a c t i v a t i o n  i s  a s s o c i a t e d  w i t h  a n  i n c r e a s e  i n  CAMP.''' The c a r d i a c  e f f e c t s  
of bo th  c l o n i d i n e  and t o l a z o l i n e  i n  i s o l a t e d  guinea-pig h e a r t  appea r  t o  
i n v o l v e  h i s t a m i n e  b u t  t h e  r e l e v a n c e  of t h i s  d a t a  t o  o t h e r  
s p e c i e s  i s  n o t  c lear . ' "  
human h e a r t  . ' 

Histamine r e c e p t o r s  have  been i d e n t i f i e d  i n  

Misce l l aneous  - I n  v o l u n t e e r s ,  t h e  imidazo (4,5-b) p y r i d i n e  d e r i v a t i v e '  l 4  

AR-L57CL (16) produced a p o s i t i v e  i n o t r o p i c  e f f e c t  of s h o r t  d u r a t i o n  
accompan iedby  s u b j e c t i v e  s i d e  e f f e c t s  .'15$ '" 
(17) and Win 35,020 (18) produced a l o n g - l a s t i n g  i n o t r o p i c  e f f e c t  a f t e r  
o r a l  a d m i n i s t r a t i o n  i n t h e  dog."', ''' 

Both amrinone (Win 40,680) 

9 - H y d r o x y e l l i p t i c i n e  (g) 
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HO 
Q 3 - p 4 C H 3  act$ H2N 0-m H 18 Win 35,020 

- 1 7  amrinone - 16 AR-L57CL - 8 3% 

HO 

O-COCH, 

20 f o r s k o l i n  
cH3 CH3 O H  

19 - - 

i n c r e a s e d  c o n t r a c t i l e  f o r c e  i n  a n a e s t h e t i s e d  dogs b u t  l i k e  (lz), re l ies  
h e a v i l y  on ca t echo lamine  release.  F o r s k o l i n  ( 2 0 ) ,  a d i t e r p e n e  
d e r i v a t i v e  from t h e  I n d i a n  p l a n t  Coleys f o r s k o h l i , h a s  dose-dependent 
p o s i t i v e  i n o t r o p i c  and blood p r e s s u r e  lower ing  a c t i v i t y  i n  a n i m a l s .  
mechanism of a c t i o n  h a s  not  been e l u c i d a t e d  as y e t  b u t  d o e s  n o t  depend on 
e i t h e r  ca t echo lamines  o r  i n h i b i t i o n  of CAMP-PDE o r  Na+-K'ATPase. 2 o  

I n t e r e s t i n g l y ,  i n o s i n e  produces a p o s i t i v e  i n o t r o p i c  e f f e c t  i n  t h e  dog and 
may a l s o  e x e r t  a modulatory a c t i o n  on 8 -ad renocep to r s .  l 2  
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