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Effects  of  Caffeine on the  C o n t r a c t i l i t y  and 
M e m b r a n e  P o t e n t i a l s  of Rat  A t r i u m  ~ 

A l t h o u g h  i t  h a s  b e e n  k n o w n  for  a l m o s t  a c e n t u r y  t h a t  
caf fe ine  a c t i v a t e s  t he  con t r ac t i l e  a c t i v i t y  of muscle ,  t h e  
m e c h a n i s m  of t h i s  response  ha s  ye t  to  be  def ined  ~-4. I t  
h a s  b e e n  r e c e n t l y  p roposed  t h a t  caf fe ine  in i t i a t e s  a 
process  in  muscle  t h a t  leads  to  con t r ac t i on ,  w i t h o u t  
i n t e r v e n t i o n  or a l t e r a t i o n s  of t r a n s m e m b r a n e  p o t e n t i a l  
changes  or  u n d e r l y i n g  p e r m e a b i l i t y  changes  ~. I n  t he  
work  r e p o r t e d  here ,  t h e  effects  of caffe ine on  t h e  ;crans- 
m e m b r a n e  p o t e n t i a l s  a n d  m e c h a n i c a l  a c t i v i t y  were 
s i m u l t a n e o u s l y  r eco rded  to  d e t e r m i n e  if t h e r e  were  a n y  
t r a n s m e m b r a n e  p o t e n t i a l  changes  w h e n  t h e  c o n t r a c t i l e  
e v e n t  was  changed .  

T h e  t r a n s m e m b r a n e  p o t e n t i a l s  a n d  m e c h a n i c a l  a c t i v i t y  
of 5 i so la ted  a t r i a  t a k e n  f rom r a t s  were  r ecorded  acco rd ing  
to  t h e  m e t h o d s  r e p o r t e d  p rev ious ly  8. T h e  i so la ted  a t r i a  
were m a i n t a i n e d  in K r e b s - R i n g e r - b i c a r b o n a t e ,  p H  7.4, 
30 °C, a n d  e l ec t r i ca l ly - s t imu la t ed  a t  a r a t e  of 200/min.  
The  i n d i v i d u a l  e x p e r i m e n t s  were d iv ided  in to  4 phases :  
(1) a 60 ra in  e q u i l i b r a t i o n  per iod,  (2) a 30 ra in  con t ro l  
pe r iod  d u r i n g  w h i c h  a t  l eas t  150 records  are  t a k e n  a n d  
serve as  t h e  con t ro l ,  (3) a 30 m i n  pe r iod  d u r i n g  w h i c h  
t he  t i ssue  is exposed  t o  t h e  d r u g  a n d  records  a re  t a k e n  a t  
3 ra in  in t e rva l s ,  a n d  (4) a w a s h - o u t  pe r iod  d u r i n g  w h i c h  
t h e  d r u g  ha s  been  r e m o v e d  f r o m  t h e  t i ssue  c h a m b e r  a n d  
t h e  r e v e r s i b i l i t y  of t h e  d r u g  i nduced  response  was 
fol lowed a n d  records  t a k e n .  Pe r iod  (3) was  t u r t h e r  
d iv ided  i n to  3 t i m e  sequences :  (a) 5 -10  rain,  (b) 15-25 
min,  a n d  (c) 25-30 rain.  T he  records  t a k e n  d u r i n g  these  
t i m e  sequences  were  t h e n  s t a t i s t i c a l l y  m a n i p u l a t e d  to  
a r r ive  a t  t h e  d a t a  o b t a i n e d  in  t h e  Table .  

The  effects  of 5 • 1 0 - 4 M  caffeine,  w h i c h  was found  to 
be  t h e  t h r e s h o l d  c o n c e n t r a t i o n  for t he  e x p e r i m e n t a l  
cond i t i ons  employed ,  on  t h e  m e a s u r e d  cha rac t e r i s t i c s  are  
f o u n d  in  t h e  Table .  W h i l e  t h e r e  were  no  s ign i f i can t  
changes  in  t h e  r e s t i ng  a n d  a c t i o n  p o t e n t i a l  m a g n i t u d e s ,  
t h e r e  were s t a t i s t i ca l ly  s ign i f i can t  changes  in t h e  o t h e r  
m e a s u r e d  e lec t r ica l  charac te r i s t i c s .  T he  d e p o l a r i z a t i o n  
r a t e  h a d  increased  d u r i n g  t h e  30 m i n  exposu re  per iod.  I t  
is of  i n t e r e s t  t h a t  t h e r e  was  n o t  a p r o p o r t i o n a l  increase  
in t h e  c o n d u c t i o n  t ime,  since these  2 e v e n t s  are  theore t i c -  
a l ly  i n d e p e n d e n t .  I t  is also obv ious  t h a t  t h e r e  was a 
con f igu ra t i ona l  c h a n g e  in t he  ac t ion  p o t e n t i a l  conf igura -  
t ion,  since a n  increase  in t h e  r epo l a r i za t i on  r a t e  would  
usua l ly  r e su l t  in a decrease  in t h e  ac t ion  p o t e n t i a l  area.  

Caffeine i n d u c e d  a t r a n s i e n t  pos i t ive  increase  in  t h e  
deve loped  t e n s i o n  d u r i n g  t h e  in i t i a l  5 -10  m i n  a f t e r  
a d d i t i o n  of t h e  drug.  T he  deve loped  t e n s i o n  was s t i l l  
s ign i f i can t ly  e l eva t ed  a f t e r  a 30 m i n  exposu re  to  caffeine.  
T h e r e  were  no  s ign i f i can t  changes  in  t h e  l a t e n t  per iod,  
deve loped  t e n s i o n - p e a k  t i m e  or  d u r a t i o n  d u r i n g  t h e  
pos i t ive  ino t rop ic  response.  S u b s e q u e n t  r e m o v a l  of t he  
d rug  f rom the  t i ssue  b a t h  r e su l t ed  in  a comple t e  r e s to ra -  
t i on  of t he  m e a s u r e d  cha rac t e r i s t i c s  to  t h e  con t r o l  levels.  

P r ev ious  work  on  muscle ,  b o t h  ske le ta l  a n d  card iac ,  
ha s  been  p r i m a r i l y  conce rned  w i t h  co r re l a t ing  changes  in 
r e s t i ng  or ac t ion  p o t e n t i a l  m a g n i t u d e s  w i t h  t h e  m a g n i t u d e  
of con t r ac t i on .  A l t h o u g h  th i s  i n t e r p r e t a t i o n  m a y  be  va l id  
w i t h  d rugs  l ike ace ty l cho l ine  or  n o r e p i n e p h r i n e  as t h e y  
in f luence  e lec t r ica l  a n d  m e c h a n i c a l  cha rac t e r i s t i c s  of 
ca rd i ac  muscle ,  t h i s  was  n o t  t h e  case f o u n d  w i t h  inc reased  
Ca ++ ions ( u n p u b l i s h e d  da t a ) .  W h e r e a s  ace ty l cho l ine  in-  
c reased  r epo l a r i za t i on  r a t e  a n d  decreased  con t r ac t i l e  
m a g n i t u d e ,  a n d  n o r e p i n e p h r i n e  decreased  r epo l a r i z a t i on  
r a t e  a n d  inc reased  con t r ac t i l e  m a g n i t u d e  in e lec t r ica l ly  
d r i v e n  a t r ia ,  Ca ++ inc reased  t h e  r e p o l a n z a t i o n  r a t e  a n d  
also increased  t he  con t r ac t i l e  m a g n i t u d e .  

The  d a t a  f o u n d  in  t he  w o r k  r epo r t ed  here  would  seem 
to  i n d i c a t e  t h a t  t h e  ac t ion  p o t e n t i a l - d e p o l a r i z a t i o n  r a t e  
c a n  be  co r r e l a t ed  w i t h  t h e  inc reased  con t r ac t i l e  response .  
T h e  inc reased  d e p o l a r i z a t i o n  r a t e  wou ld  a l low m o r e  Na+ 
to  e n t e r  t h e  cell  w h i c h  in  t u r n  would  fac i l i t a te  t h e  re lease  
of Ca++ for  con t r ac t i l e  a c t i v a t i o n .  E v e n  t h o u g h  t h e  con-  
t r a c t i l e  m a g n i t u d e  s u b s e q u e n t l y  decreases  w i t h  a con-  
t i n u i n g  inc reased  depo l a r i za t i on  ra te ,  t h i s  would  be  
jus t i f i ed  b y  a n  inc reased  N a  + ef f lux to  res to re  t he  n o r m a l  
N a  + e q u i l i b r i u m  w i t h i n  t h e  cell. Th i s  would  in  effect  
decrease  t h e  ava i l ab l e  Ca ++ for  con t r ac t i l e  a c t i v a t i o n  a n d  
resu l t  in  a dec reased  con t r ac t i l e  m a g n i t u d e .  

Effects  of caffeine on the  isolated rat  a tr ium 

P a r a m e t e r  5-15 rain a 15-25 rain 25-30 rain 

Resting potentiM -- 0.5 b -- 0.9 -- 1.8 
Action potentialmagnitude -- 0.3 -- 2.3 -- 0.9 
Action potential duration -- 15.5 -- 2.8 -- 2.4 
Action potential area -- 17 - + 3.9 
Action potential c rise time + 22.0 + 22.1 + 29.7 
Repolarizationrate + 15 + 4.0 + 4.1 
Conduction rate 0 0 + 4.1 
Latent period + 0.4 + 3.2 + 0.9 
Developed tension magnitude + 20.2 + 8.0 + 3.6 
Developed tensionduration -- 1.3 + 0.6 -- 1.6 
Developed tension rise time (to + 0.7 + 3.7 + 1.4 
peak) 

a Time after addition of caffeine, b Over all (% changes): the test 
readings were compared with means of the control period to calculate 
% changes, c Depolarization rate. 

Zusammendassung. Der  E in f lu s s  y o n  Coffein a u f  Kon-  
t r a k t i o n  u n d  M e m b r a n p o t e n t i a l  des A t r i u m s  d e r  R a t t e  
e rg ib t :  V e r k t i r z u n g  de r  D a u e r  des  A k t i o n s p o t e n t i a l s  u n d  
B e s c h l e u n i g u n g  de r  Geschwind igke i t  v o n  R e p o l a r i s a t i o n  
u n d  Depo la r i sa t ion .  E i n  m6g l i che r  Z u s a m m e n h a n g  dieser  
~_nderungen m i t  de r  e r h 6 h t e n  K o n t r a k t i l i t i i t  wi rd  dis- 
ku t i e r t .  
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