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Summary: C a l c i t o n i n  g e n e - r e l a t e d  p e p t i d e  (CGRP), b u t  n o t  c a p s a i c l n ,  e l i c i t e d  
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  t h e  i s o l a t e d ,  e l e c t r i c a l l y  d r i v e n  f a l s e  t e n d o n  
o f  t h e  p o r c i n e  h e a r t .  S p e c i f i c  C G R P - b i n d i n g  s i t e s  were  p r e s e n t  i n  s o l u b i l i z e d  
membrane f r a c t i o n s ;  t h e  d i s s o c i a t i o n  c o n s t a n t  (Kd)  a n d  t h e  max imum b i n d i n g  
(Bmax) were  5 0 . 4  pM and  180 fmol /mg  p r o t e i n ,  r e s p e c t i v e l y .  SDS-PAGE a n a l y s i s  
o f  C G R P - b i n d i n g  s i t e s  r e v e a l e d  t h e  m o l e c u l a r  m a s s  o f  70  K a n d  120  K. Few 
CGRP- l ike  i m m u n o r e a c t i v e  n e r v e s  were  p r e s e n t  i n  t h e  v e n t r i c u l a r  m u s c l e  l a y e r .  
T~ese  r e s u l t s  i n d i c a t e  t h a t  CGRP a c t i v a t e s  s p e c i f i c  r e c e p t o r  s i t e s  on  t h e  
v e n t r i c u l a r  m u s c l e s  and  c a u s e s  p o s i t i v e  i n o t r o p i c  r e s p o n s e s .  CGRP r e c e p t o r s  
i n  v e n t r i c l e s  a r e  l i k e l y  t o  be  a c t i v a t e d  b y  c i r c u l a t i n g  CGRP. © 1988 Ao~aem±c 
Press, Inc. 

I m m u n o h i s t o c h e m i c a l  a n d  r a d i o i m m u n o l o g l c a l  s t u d i e s  h a v e  s h o w n  t h a t  

c a l c i t o n i n  g e n e - r e l a t e d  p e p t i d e ( C G R P ) ,  a 37 amino a c i d  p e p t i d e ,  i s  d i s t r i b u t e d  

n o t  o n l y  i n  t h e  n e r v o u s  s y s t e m  ( 1 , 2 )  b u t  a l s o  i n  p l a s m a  ( 3 - 5 ) .  CGRP e l i c i t s  a 

p o s i t i v e  i n o t r o p i c  e f f e c t ,  o r  an  i n c r e a s e  i n  t h e  c o n t r a c t i l e  t e n s i o n ,  i n  t h e  

g u i n e a  p i g  a t r i a  ( 6 , 7 )  and  i s  l i k e l y  t o  f u n c t i o n  as  a n e u r o t r a n s m i t t e r  o f  

n o n a d r e n e r g i c ,  n o n c h o l i n e r g i c  n e r v e s  ( 6 , 8 , 9 ) .  H o w e v e r  t h e r e  h a v e  b e e n  

c o n f l i c t i n g  r e s u l t s  o f  t h e  e f f e c t  o f  CGRP on  v e n t r i c u l a r  m u s c l e s .  CGRP 

e x e r t e d  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  t h e  i s o l a t e d ,  p e r f u s e d  h e a r t s  o f  g u i n e a  

p i g s  (10)  b u t  n o t  i n  t h e  v e n t r i c u l a z  s t r i p s  and  p a p i l l a r y  m u s c l e s  o f  r a t s  and  

g u i n e a  p i g s  ( 7 , 1 1 ) .  

R e c e n t l y  s p e c i f i c  b i n d i n g  s i t e s  f o r  CGRP were  i s o l a t e d  f rom t h e  p o r c i n e  

s p i n a l  c o r d  ( : [ 2 )  a n d  h u m a n  p l a c e n t a  ( 1 3 ) .  I n  t h e  p r e s e n t  s t u d y ,  

p h a r m a c o l o g i c a l  e f f e c t s  and  b i n d i n g  c h a r a c t e r i s t i c s  were  e x a m i n e d  i n  t h e  f a l s e  

t e n d o n  and  v e n t l ~ i c u l a r  m u s c l e s  o f  p o r c i n e  h e a r t s ,  r e s p e c t i v e l y ,  t o  a s s e s s  a 

p o t e n t i a l  r o l e  o f  CGRP i n  c o n t r o l l i n g  t h e  c a r d i a c  f u n c t i o n .  

*** To whom c o r r e s p o n d e n c e  s h o u l d  be  a d d r e s s e d .  

A b b r e v i a t i o n s :  CGRP: c a l c i t o n i n  g e n e - ~ e l a t e d  p e p t i d c ;  SDS-PAGE: s o d i u m  
d o d e c y l  s u l f a t e - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  
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Methods  and M a t e r i a l s  

F r e s h  p o r c i n e  h e a r t s  were  o b t a i n e d  f r o m  a l o c a l  s l a u g h t e r  h o u s e  and  
v e n t r i c l e s  o f  h e a r t s  w e r e  i s o l a t e d  i n  an i c e - c o l d  K r e b s - R i n g e r W s  s o l u t i o n .  
The c o m p o s i t i o n  o f  t h e  K r e b s - R i n g e r ' s  s o l u t i o n  was NaC1, 113; KC1, 4 . 8 ;  CaC1 z ,  
2 . 2 ;  KH2PO 4, 1 . 2 ;  MgSO 4, 1 . 2 ;  NaHC03, 25; and g l u c o s e ,  5 .5  (mM). 
P h a r m a c o l o g i c a l  s t u d i e s  i n  v i t r o :  S i n c e  t h i c k  v e n t r i c u l a r  w a l l s  a r e  d i f f i c u l t  
t o  m a i n t a i n  i n  a s u f f i c i e n t  c o n d i t i o n  t o  a n a l y z e  t h e  p h a r m a c o l o g i c a l  e f f e c t s ,  
t h i n  f a l s e  t e n d o n s  ( a b o u t  2 mm t h i c k ,  10 mm l o n g )  were  i s o l a t e d  and s u s p e n d e d  
i n  o r g a n  b a t h s  f i l l e d  w i t h  a K r e b s - R i n g e r ' s  s o l u t i o n  (37 oC) c o n s t a n t l y  
b u b b l e d  w i t h  95 O 2 and 5 CO 2. The i s o m e t r i c  c o n t r a c t i o n  was m e a s u r e d  by  a 
t r a n s d u c e r  and r e c o r d e d  on a t h e r m a l  p e n  r e c o r d e r .  The t i s s u e  was  a p p l i e d  
w i t h  a r e s t i n g  t e n s i o n  o f  1 g and d r i v e n  e l e c t r i c a l l y  a t  1 Hz w i t h  s q u a r e -  
wave  p u l s e s  (1 m s e c ,  2 V) g e n e r a t e d  b y  a s t i m u l a t o r .  When t h e  t w i t c h  
c o n t r a c t i o n s  a t t a i n e d  a s t e a d y  s t a t e ,  human CGRP or  i s o p r o t e r e n o l  was added  in  
a c u m u l a t i v e  m a n n e r .  A f t e r  w a s h i n g  f o l l o w e d  by  a r e s t i n g  p e r i o d  o f  1 h r ,  
c a p s a i c i n  was a p p l i e d .  
B i n d i n g  s t u d i e s :  V e n t r i c l e s  w e r e  m i n c e d  and  h o m o g e n i z e d  w i t h  a b u f f e r  
c o n t a i n i n g  10 mM T r i s - H C 1  (pH = 7 . 4 ) ,  0 .5  mM p h e n y l m e t h y l s u l f o n y l f l u o r i d e ,  
1 mM e t h y l e n e d i a m i n e t e t r a a c e t a t e ,  and 1 ~g /ml  e a c h  o f  a n t i p a i n ,  l e u p e p t i n ,  
p e p s t a t i n  A and p h o s p h o r a m i d o n .  The h o m o g e n a t e s  were c e n t r i f u g e d  a t  1500 X g 
f o r  10 m i n ,  and t h e  s u p e r n a t a n t  was c e n t r i f u g e d  a t  5 0 , 0 0 0  X g f o r  30 m i n .  
T h e n  t h e  p e l l e t s  w e r e  r e s u s p e n d e d  i n  t h e  same b u f f e r  ( c r u d e  m e m b r a n e  
f r a c t i o n ) .  The c r u d e  m e m b r a n e  f r a c t i o n s  w e r e  t r e a t e d  w i t h  3% d i g i t o n i n ,  
s o n i c a t e d  and c e n t r i f u g e d  a t  100 ,000  X g a t  4 oc f o r  40 min .  The s u p e r n a t a n t s  
w e r e  d e s i g n a t e d  as  s o l u b i l i z e d  f r a c t i o n s .  The p r o t e i n  c o n c e n t r a t i o n  was 
d e t e r m i n e d  by  t h e  me thod  o f  Lowry e t  a l .  (14) u s i n g  b o v i n e  serum a l b u m i n  as  
t h e  s t a n d a r d .  

The b i n d i n g  a s s a y  o f  CGRP was  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  m e t h o d  
d e s c r i b e d  p r e v i o u s l y  by  H i r o s h i m a  e t  a l .  ( 1 2 ) .  In  b r i e f ,  t h e  c r u d e  membrane 
and s o l u b i l i z e d  f r a c t i o n s  were  mixed  w i t h  [ l ~ S I ] h u m a n  a-CGRP (18 t o  23 pM). 
A f t e r  i n c u b a t i o n  a t  0 °C f o r  15 h r s ,  b o v i n e  y - g l o b u l i n  and p o l y e t h y l e n e g l y c o l  
6000 were  a d d e d .  The f r e e  and bound r a d i o l i g a n d s  were  t h e n  s e p a r a t e d  by  r a p i d  
f i l t r a t i o n .  The r a d i o a c t i v i t y  i n  t h e  f i l t e r s  was c o u n t e d  u s i n g  Aloka  ARC-300 
y - c o u n t e r .  The s p e c i f i c  b i n d i n g  was d e f i n e d  as  t h e  d i f f e r e n c e  o f  t h e  amount 
o f  bound r a d i o a c t i v i t y  b e t w e e n  t h e  a b s e n c e  and p r e s e n c e  o f  u n l a b e l e d  human a -  
CGRP ( 1 . 1  ~M), 

F o r  t h e  a n a l y s i s  o f  t h e  m o l e c u l a r  w e i g h t ,  t h e  s o l u b i l i z e d  f r a c t i o n  was 
i n c u b a t e d  w i t h  [ x z S I ] h u m a n  a-CGRP ( 0 . 1 1  nM) a t  0 oc e i t h e r  i n  t h e  p r e s e n c e  or  
a b s e n c e  o f  3 . 0  ~M u n l a b e l e d  human a-CGRP. The [x~SI ]human  a - C G R P - b i n d i n g  s i t e  
complex  was t h e n  s e p a r a t e d  f rom f r e e  l i g a n d  by  g e l  f i l t r a t i o n  and i n c u b a t e d  
w i t h  d i s u c c i n i m l d y l  s u b e r a t e .  C o v a l e n t l y  l a b e l e d  b i n d i n g  s i t e s  were  a n a l y z e d  
by  sod ium d o d e c y l  s u l f a t e - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) by  t h e  
method  o f  Laemmli ( 1 5 ) .  S t a n d a r d  m o l e c u l a r  m a r k e r s  were  m y o s i n  h e a v y  c h a i n s  
(Mr = 200 K) ,  c a l d e s m o n  (Mr = 155 K) ,  a - a c t i n i n  (Mr = 105 K) ,  d e s m i n  (Mr = 
55 K) ,  a - t r o p o m y o s i n  (Mr = 43 K) ,  a c t i n  (Mr = 42 K) and ~ - t r o p o m y o s i n  (Mr = 
35 K) .  A f t e r  e l e c t r o p h o r e s i s ,  t h e  g e l  was e x p o s e d  t o  X - r a y  f i l m  f o r  2 w e e k s .  
I m m u n o h i s t o c h e m i s t r y :  The f a l s e  t e n d o n s  and v e n t r i c u l a r  w a l l s  were  f i x e d  in  
p a r a f o r m a l d e h y d e  and p i c r i c  a c i d  f o r  72 h r s  and p r o c e s s e d  f o r  a f l u o r e s c e n c e  
i m m u n o h i s t o c h e m i s t r y  a c c o r d i n g  t o  t h e  method  d e s c r i b e d  by  S a i t o  and Goto ( 2 ) .  

R e s u l t s  

I n  t h e  i s o l a t e d ,  e l e c t r i c a l l y  d r i v e n  f a l s e  t e n d o n  o f  t h e  p o r c i n e  

v e n t r i c l e s ,  CGRP i n d u c e d  p o s i t i v e  i n o t r o p i c  r e s p o n s e s  i n  a d o s e - d e p e n d e n t  

manner  (1 nM t o  300 n M ) ( F i g .  1 ) .  I s o p r o t e r e n o l ,  a ~ - a d r e n e r g i c  a g o n i s t ,  a l s o  

p r o d u c e d  d o s e - d e p e n d e n t  p o s i t i v e  i n o t r o p i c  r e s p o n s e s  i n  a s i m i l a r  dose  r a n g e .  
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F i g u r e  1.  T y p i c a l  example  o f  t h e  e f f e c t  o f  CGRP (A) and d o s e - r e s p o n s e  c u r v e s  
f o r  t h e  p o s i t i v e  i n o t r o p i c  e f f e c t  o f  CGRP and i s o p r o t e r e n o l  (B) on t h e  
c o n t r a c t i o n  o f  v e n t r i c u l a r  m u s c l e s .  Numbers in  t he  f i g u r e  i n d i c a t e  t h e  
- log  M. Each p o i n t  and b a r  r e p r e s e n t s  t h e  mean and S .E .  o f  7 t i s s u e s .  
The ED50 v a l u e s  ( w i t h  95% c o n f i d e n c e  i n t e r v a l )  t o  CGRP and i s o p r o t e r e n o l  
i n  t h e s e  p r e p a r a t i o n s  were 5 . 5 0  nM ( 1 . 6 4  - 1 . 88  nM) and 36.9  nM ( 1 2 . 7  - 
107 nM), r e s p e c t i v e l y .  The maximum r e s p o n s e  i n d u c e d  by  CGRP was 3 3 . 9  ± 
3.2% o f  t h a t  by  i s o p r o t e r e n o l .  

F i g u r e  2.  T o t a l ,  n o n s p e c i f i c  a n d  s p e c i f i c  b i n d i n g  o f  [ 1 2 s I ] C G R P  and  
S c a t c h a r d  a n a l y s i s  t o  t h e  c r u d e  m e m b r a n e  (A) and  s o l u b i t i z e d  (B) 
f r a c t i o n s  o f  v e n t r i c u l a r  m u s c l e s .  Each  v a l u e  r e p r e s e n t s  t h e  mean o f  
f o u r  d u p l i c a t e  d e t e r m i n a t i o n s .  

H o w e v e r ,  t h e  m a x i m u m  r e s p o n s e  t o  CGRP was  a b o u t  30% o f  t h a t  t o  i s o p r o t e r e n o l .  

C a p s a i c i n ,  w h i c h  r e l e a s e s  CGRP f r o m  i n t r a c a r d i a c  n e r v e s  ( 9 )  e l i c i t e d  n o  

p o s i t i v e  i n o t r o p i c  r e s p o n s e  i n  a l l  t h e  p r e p a r a t i o n s  e x a m i n e d  ( n  = 7 ) ,  b u t  

c a u s e d  a s l i g h t  d e c r e a s e  o f  t h e  c o n t r a c t i l e  t e n s i o n  i n  5 o u t  o f  t h e  7 t i s s u e s .  

Shown i n  F i g u r e  2 a r e  t h e  s a t u r a t i o n  c u r v e s  o f  [ l z s I ] h u m a n  a-CGRP t o  t h e  

c r u d e  m e m b r a n e  a n d  s o l u b i l i z e d  f r a c t i o n s  o f  p o r c i n e  v e n t r i c l e s .  S c a t c h a r d  

a n a l y s i s  r e v e a l e d  t h e  p r e s e n c e  o f  a s i n g l e ,  s a t u r a b l e  b i n d i n g  c o m p o n e n t  w i t h  

a n  e q u i l i b r i u m  d i s s o c i a t i o n  c o n s t a n t  (Kd) o f  8 . 7  pM a n d  a d e n s i t y  (Bmax)  o f  35 

f m o l / m g  p r o t e i n  i n  t h e  c r u d e  m e m b r a n e  f r a c t i o n s  a n d  5 0 . 4  pM a n d  180  f m o l / m g  i n  

t h e  s o l u b i l i z e d  f r a c t i o n s ,  r e s p e c t i v e l y  ( n  = 4 ) .  [ 1 2 5 I ] h u m a n - C G R P - b i n d i n g  w a s  

i n h i b i t e d  b y  u n l a b e l e d  h u m a n  a -C GR P ;  ICS0  v a l u e s  i n  t h e  c r u d e  m e m b r a n e  a n d  

s o l u b i l i z e d  f r a c t i o n s  w e r e  0 . 8 5  nM a n d  2 2 . 0  nM, r e s p e c t i v e l y  ( F i g .  3 ) .  Human 

~ -  a n d  r a t  a -C GR P ,  b u t  n o t  a n g i o t e n s i n  I I  ( 0 . 4 8  pM) n o r  h u m a n  c a l c i t o n i n  ( 0 . 1 5  

291 



Vol .  155, No .  1, 1988 BIOCHEMICAL A N D  BIOPHYSICAL RESEARCH COMMUNICAT IONS 

ventricle 

10(1 

11 10 9 8 7 6 

UnLabeled human o~-CGRP (-log M) 

h CGRP ( - )  (+) Mr 

~:-200K 
(-  155K 
(-  I05K 

('- 55K 

~- 43K 

~- 35K 

I 

F igure  3. I n h i b i t i o n  o f  [ x 2 s I ] C G R P - b i n d i n g  to  t he  c r u d e  membrane (ope n  
c i r c l e )  and s o l u b i l i z e d  ( c l o s e d  c i r c l e )  f r a c t i o n s  of  the  v e n t r i c u l a r  
musc les  by u n l a b e l e d  human a-CGRP. Each po in t  r e p r e s e n t s  the  mean of  
d u p l i c a t e  d e t e r m i n a t i o n s .  

F igure  4. D e t e r m i n a t i o n  o f  t he  m o l e c u l a r  s i z e  o f  CGRP-binding s i t e s  by 
c r o s s - l i n k i n g  of [x2sI]CGRP fol lowed by SDS-PAGE. The numbers r e p r e s e n t  
the  mo lecu la r  weight  of  marker p r o t e i n s .  

pM), i n h i b i t e d  t h e  b i n d i n g  o f  [ I~ s I ]CGRP t o  t h e  s o l u b i l l z e d  f r a c t i o n s  ( d a t a  

n o t  s h o w n ) .  

SDS-PAGE a n a l y s i s  o f  t h e  C G R P - b i n d i n g  s i t e s  r e v e a l e d  t h e  p r e s e n c e  o f  

i n t e n s e  r a d i o a c t i v e  b a n d s  a t  70 K and 120 K ( F i g .  4 ) .  The l a b e l i n g  o f  t h e s e  

b a n d s  were  s p e c i f i c  t o  CGRP s i n c e  i t  was p r e v e n t e d  by  u n l a b e l e d  CGRP. 

Few C G R P - l i k e  i m m u n o r e a c t i v e  f i b e r s  were  o b s e r v e d  i n  t h e  v e n t r i c u l a r  

m u s c l e  l a y e r s .  I n  c o n t r a s t ,  b e a d e d  v a r i c o s e - t y p e  f i b e r s  w e r e  f o u n d  t o  be  

p r e s e n t  a r o u n d  c o r o n a r y  b l o o d  v e s s e l s  as  shown p r e v i o u s l y  ( 1 6 ) .  

Discussion 

CGRP a n d  i s o p r o t e r e n o l  p r o d u c e d  p o s i t i v e  i n o t r o p i c  r e s p o n s e s  i n  a 

similar dose range, although the maximum response by CGRP was smaller than 

that by isoproterenol. Previous studies indicated that CGRP did not induce 

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  v e n t r i o u l a r  s t r i p s  and p a p i l l a r y  m u s c l e s  o f  r a t s  

(7). In guinea pigs, CGRP augmented the contraction of ventricles in 

isolated, perfused hearts (i0) but not in the isolated, electrically driven 

papillary muscles and ventricular strips (II). In perfused preparations, CGRP 

may c h a n g e  t h e  c o n t r a c t i l e  f o r c e  b y  a f f e c t i n g  t h e  p e r f u s i o n  p r e s s u r e  a n d / o r  

h e a r t  r a t e .  T h u s  i t  i s  n o t  c e r t a i n  w h a t  e x t e n t  o f  t h e  p o s i t i v e  i n o t r o p i c  

r e s p o n s e  was a c t u a l l y  i n d u c e d  by  i n f u s e d  CGRP. The  C G R P - i n d u c e d  p o s i t i v e  
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i n o t r o p i c  r e s p o n s e s  i n  t h e  i s o l a t e d ,  e l e c t r i c a l l y  d r i v e n  v e n t r i c u l a r  m u s c l e s  

were  u n e q u i v o c a l l y  d e m o n s t r a t e d  i n  t h e  p r e s e n t  s t u d y .  

R e c e n t l y  s p e c i f i c  b i n d i n g  s i t e s  f o r  CGRP w i t h  Kd and  Bmax o f  1 . 8 7  nM and 

1 . 2 5  pmol /mg p r o t e i n  were  i s o l a t e d  f rom t h e  human p l a c e n t a  ( 1 3 ) .  The b i n d i n g  

o f  CGRP t o  v e n t r i c u l a r  membranes  was s p e c i f i c  t o  CGRP s i n c e  i t  was i n h i b i t e d  

b y  CGRPs b u t  n o t  b y  a n g l o t e n s i n  I I  n o r  c a l c i t o n i n .  However ,  t h e  Kd and  Bmax 

v a l u e s  i n  t h e  c r u d e  m e m b r a n e  a n d  s o l u b i l i z e d  f r a c t i o n s  o f  v e n t r i c l e s  were  

f a i r l y  s m a l l e r  t h a n  t h o s e  i n  t h e  human  p l a c e n t a .  T h i s  i n d i c a t e s  t h a t  t h e  

C G R P - b i n d i n g  s i t e s  i n  v e n t r i c l e s  a r e  d i s t i n c t  f rom and h a v e  h i g h e r  a f f i n i t y  

t h a n  t h o s e  i n  t h e  p l a c e n t a .  

SDS-PAGE a n a l y s i s  o f  t h e  C G R P - b i n d i n g  s i t e s  gave  i n t e n s e  r a d i o a c t i v e  

b a n d s  a t  70  K a n d  120  K. R e c e n t l y  i t  was  s h o w n  t h a t  CGRP a c t i v a t e s  t h e  

a d e n y l a t e  c y c l a s e  i n  c o r o n a r y  a r t e r i e s  (16)  and  a t r i a l  m u s c l e s  ( 7 , 1 1 ) .  I t  i s  

w e l l  d o c u m e n t e d  t h a t  r e c e p t o r s  c o u p l e d  t o  a d e n y l a t e - c y c l a s e  s y s t e m s  a r e  

u s u a l l y  a s s o c i a t e d  w i t h  G - p r o t e l n s  ( 1 7 ) .  I f  t h e  CGRP r e c e p t o r  i s  c o u p l e d  w i t h  

G - p r o t e i n  (Mr = ca  40 K) ,  i t  i s  p o s s i b l e  t h a t  t h e  c o m p o n e n t s  w i t h  a h i g h  and  

low m o l e c u l a r  w e i g h t  a r e  a r e c e p t o r - G - p r o t e i n  c o m p l e x  a n d  CGRP r e c e p t o r ,  

r e s p e c t i v e l y .  A l t e r n a t i v e l y  i t  i s  a l s o  p o s s i b l e  t h a t  t h e  c o m p o n e n t  w i t h  h i g h  

m o l e c u l a r  w e i g h t  (120  K) r e p r e s e n t s  a n o t h e r  s i n g l e  m o l e c u l e .  A d m i t t e d l y  t h e  

e x a c t  m o l e c u l a r  c h a r a c t e r i s t i c s  o f  C G R P - b i n d i n g  s i t e s  i n  t h e  v e n t r i c l e s  r e m a i n  

t o  be  d e t e r m i n e d .  

S t i m u l a t i o n  o f  n o n a d r e n e r g i c ,  n o n c h o l l n e r g i c  n e r v e s  e l i c i t s  p o s i t i v e  

c h r o n o t r o p l c  and  i n o t r o p i c  e f f e c t s  i n  i s o l a t e d  a t r i a  o f  g u i n e a  p i g s  ( 1 8 , 1 9 ) .  

I t  h a s  a l s o  b e e n  s h o w n  t h a t  CGRP i s  a t r a n s m i t t e r  i n  t h e s e  n o n a d r e n e r g i c ,  

n o n c h o l i n e r g l c  n e r v e s  ( 6 , 8 ) .  CGRP- l i ke  i m m u n o r e a c t l v e  f i b e r s  w e r e  s c a r c e l y  

p r e s e n t  i n  t h e  m u s c l e  l a y e r  o f  v e n t r i c l e s ,  i n  a g r e e m e n t  w i t h  t h e  p r e v i o u s  

o b s e r v a t i o n  i n  t h e  l e f t  v e n t r i c u l a r  w a l l s  ( 1 6 ) .  C a p s a i c i n  a c t s  on  CGRP- 

c o n t a i n i n g  n e r v e s  i n  v i t r o  and  r e l e a s e s  CGRP i n  v a s a  d e f e r e n t i a  ( 2 0 ) ,  c o r o n a r y  

a r t e r i e s  ( 2 1 )  a n d  h e a r t s  ( 9 , 2 2 ) .  L i k e  CGRP, c a p s a i c i n  c a u s e s  p o s i t i v e  

i n o t r o p i c  r e s p o n s e s  i n  a t r i a  o f  g u i n e a  p i g s  ( 9 , 1 0 ) .  T h e r e f o r e ,  t h e  l a c k  o f  

a n y  p o s i t i v e  e f f e c t  o f  c a p s a i c i n  on  v e n t r i c u l a r  m u s c l e s  b u t  n o t  o f  CGRP, 

i n d i c a t e s  a p o o r  s u p p l y  o f  C G R P - c o n t a l n i n g  n e r v e s  i n  t h e  p o r c i n e  v e n t r i c u l a r  

m u s c l e s ,  a l t h o u g h  CGRP r e c e p t o r s  a r e  p r e s e n t .  

R a d i o i m m u n o l o g i c a l  s t u d i e s  h a v e  shown t h e  p r e s e n c e  o f  CGRP- l i ke  m a t e r i a l  

i n  t h e  p l a s m a  i n  humans  and  r a t s  ( 3 - 5 ) .  The p l a s m a  l e v e l s  o f  CGRP r i s e  i n  

p a t i e n t s  w i t h  m e d u l l a r y  t h y r o i d  c a r c i n o m a  (3 )  and  i n  p r e g n a n t  humans  ( 4 ) .  I t  

h a s  a l s o  b e e n  d e m o n s t r a t e d  t h a t  c a l c i u m ,  p e n t a g a s t r i n  o r  c a p s a i c i n  e l e v a t e s  

t h e  l e v e l s  o f  c i r c u l a t i n g  CGRP ( 4 , 5 ) .  I n t r a v e n o u s  i n f u s i o n  o f  CGRP i n d u c e s  

p o s i t i v e  i n o t r o p i c  r e s p o n s e s  i n  humans  ( 2 3 ) .  C o r o n a r y  p e r f u s i o n  o f  CGRP a l s o  

c a u s e s  p o s i t i v e  i n o t r o p i c  r e s p o n s e s  i n  i s o l a t e d  h e a r t s  o f  g u i n e a  p i g s  ( 1 0 ) .  
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These  f i n d i n g s  s u g g e s t  t h a t  v e n t r i c u l a r  C G R P - r e c e p t o r s  a re  a c t i v a t e d  by  

c i r c u l a t i n g  CGRP. 
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