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I n  th i s  c o n n e c t i o n  i t  is of i n t e r e s t  t h a t  O~-uptake b y  
Eh r l i ch  asci tes  t u m o r  ceils is n o t  a f fec ted  b y  p a l y t o x i n  
a t  a c o n c e n t r a t i o n  of 2 mg/lX". An  i n h i b i t i o n  of m e m b r a n e  
A T P a s e  as a mode  of ac t ion  of t he  t ox in  seems un l ike ly  ~. 
Whi le  t he  crude  a lcohol  e x t r a c t  con t a in s  an  i nh ib i t o r  of 

�9 N a - K - a c t i v a t e d  ATPase ,  t he  b u l k  of th i s  subs tance ,  wh ich  
has  been  ident i f ied  as s e ro ton in  17, is e x t r a c t e d  in to  ace tone  
in a fol lowing isola t ion  s tep,  whi le  t he  p rec ip i t a t e  (con- 
t a i n i n g  t he  toxin)  has  no  i n h i b i t o r y  ac t ion  on N a - K -  
a c t i v a t e d  A T P a s e  7. 
Clearly,  o the r  m e t h o d s  t h a n  microe lec t rode  record ing  of 
e lectr ical  even t s  would  now be  requi red .  T he  ques t ion  

of e n t r a n c e  of t he  t o x i n  in to  t he  cells m i g h t  be solved,  
especia l ly  since a pass ive  d i s t r i b u t i o n  of t h e  pos i t ive ly  
cha rged  molecule  a, 6 would  h a v e  to r e su l t  in a c c u m u l a t i o n  
w i t h i n  t he  cells. M e a s u r e m e n t s  of ionic f luxes  and  ionic 
c o n c e n t r a t i o n s  m i g h t  e v e n t u a l l y  lead closer to  an  u n d e r -  
s t a n d i n g  of t he  mode  of ac t ion  of th i s  and  o the r  t ox ins  
found  in coelentera tes .  
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Summary. I sop ro t e reno l  a t  r e l a t ive ly  h igh  doses (2.5 mg/ml)  ha s  a m a r k e d  toxic  effect  on  r a t  h e a r t  musc le  cells cul t i -  
v a t e d  in v i t ro .  This  effect  is no t  p r e v e n t e d  b y  p roprano lo l  a n d  the re fo re  is n o t  m e d i a t e d  b y  b e t a  adrenerg ic  receptors .  

Ca techo lamines  a d m i n i s t e r e d  in large doses can  induce  
m y o c a r d i a l  damage .  A m a r k e d  ca rd io tox ic  effect  is shown  
b y  isoproterenol ,  a s y n t h e t i c  c a t e c h o l a m i n e  w i t h  a selec- 
t ive  ac t ion  on  b e t a  r ecep to r s  2. I sop ro t e r eno l - i nduced  myo-  
card ia l  necrosis  r esembles  t he  i schemic  necrosis  induced  
b y  vascu la r  occlusion a n d  ha s  been  widely  used as a model  
of ' in fa rc t - l ike '  lesion 3-e. However ,  t he re  is no d i rec t  evi-  
dence  for a n  i schemic  pa t hogenes i s  of t he  i sopro te reno l  
effect.  R e p o r t s  on  c o r o n a r y  va scu l a r  changes  and  t h r o m -  
bosis a f te r  in j ec t ion  of i sopro te reno l  v h a v e  n o t  been  con-  
f i rmed  s. The  c u r r e n t  i n t e r p r e t a t i o n  is t h a t  m y o c a r d i a l  
d a m a g e  b y  i sopro te reno l  is due  to i ts  s t rong  ino t rop ic  a n d  
ch rono t rop i c  ac t ion  w h i c h  causes  a n  increased  oxygen  de- 
m a n d  b y  t he  h e a r t  muscle .  Th i s  c a n n o t  be  m e t  b y  im- 
p r o v e d  b lood supp ly  because  t he  d rug  reduces  sys temic  
b lood  pressure  b y  m e a n s  of pe r iphe ra l  v a s o d i l a t a t i o n  s. An  
a l t e r n a t i v e  i n t e r p r e t a t i o n  is t h a t  c a t echo l amines  exe r t  a 
d i r ec t  toxic  effect  on  myocy tes .  The  r ecen t  d e m o n s t r a t i o n  
of m y o c a r d i a l  necrosis  i nduced  b y  i sopro te reno l  in  t h e  iso- 
l a t ed  pe r fused  r a t  h e a r t  gives s u p p o r t  to  t h i s  viewg. W e  
h a v e  used ca rd iac  muscle  cells in  cu l tu re  for s t u d y i n g  t he  
d i rec t  ca rd io tox ic  effect  of i soproterenol ,  
E x p l a n t s  of n e w b o r n  r a t  h e a r t  were g rown in ge la t in -  
coa ted  p las t ic  d ishes  c o n t a i n i n g  Dulbecco  m e d i u m  w i t h  
20% horse  s e rum u n d e r  a c o n t i n u o u s  flow of 90% a i r -  
10% CO S. Cells d i ssoc ia ted  b y  t r y p s i n i z a t i o n  f rom new- 
b o r n  r a t  h e a r t  were also cu l tu red  u n d e r  t h e  same  con-  
di t ions .  1 week  a f te r  p l a t ing ,  s p o n t a n e o u s  r h y t h m i c  con- 
t r a c t i o n s  could  be  obse rved  in d i f fe ren t  a reas  of t he  cul- 
tures .  I sop ro t e reno l  a t  a c o n c e n t r a t i o n  of 0.01 mg/ml ,  or 
h igher ,  increased  t he  f r e q u e n c y  of bea t ing .  However ,  a t  
doses of 2.5 mg/ml ,  or h igher ,  c o n t r a c t i o n s  soon b e c a m e  
i r regu la r  and  s t opped  c o m p l e t e l y  a n d  i r revers ib ly  a f t e r  a 
few rain.  I n  t he  fol lowing h, ca rd iac  cells u n d e r w e n t  cell 
dea th ,  as shown b y  t r y p a n  blue  exclusion tes t ,  and  de-  
t a c h e d  f rom the  b o t t o m  of t he  dishes.  Smal l  pieces of new- 
b o r n  r a t  h e a r t  i n c u b a t e d  for 2 h in  cu l tu re  m e d i u m  in t he  
presence  of 2.5 m g / m l  of i sopro te reno l  d id  n o t  show a n y  
sign of g rowth  w h e n  t r a n s f e r r e d  to  n o r m a l  m e d i u m  in 
cu l tu re  dishes.  
The  toxic  effect  of i sopro te reno l  on  m y o c a r d i a l  cu l tu res  
was  n o t  p r e v e n t e d  b y  p roprano lo l ,  a b e t a  b lock ing  agent .  
I n  fact ,  pieces of n e w b o r n  r a t  h e a r t  p r e i n c u b a t e d  w i t h  

p roprano lo l  a t  0.5, 1.5 or 2.5 m g / m l  for 15 m i n  before  ad-  
d i t ion  of i sopro te reno l  showed  no g r o w t h  in cul ture .  B y  
con t ras t ,  p ropano lo l  a lone d id  no t  in te r fe re  s ign i f i can t ly  
w i t h  card iac  cell pro l i fe ra t ion .  These  f ind ings  i nd ica t e  
t h a t  t he  ca rd io tox i c i t y  of i sopro te reno l  in th i s  in v i t ro  
s y s t e m  is n o t  m e d i a t e d  b y  b e t a  ad rene rg ic  receptors .  I t  is 
possible  t h a t  ox ida t ion  p r o d u c t s  s imi la r  to  a d r e n o c h r o m e  
are respons ib le  for t he  d i rec t  toxic  effect  of i soproterenol ,  
as sugges ted  b y  Y a t e s  a n d  D h a l l a  ~ W e  h a v e  obse rved  a 
r ap id  sh i f t  in t he  a b s o r p t i o n  s p e c t r u m  of i sopro te reno l  
a f t e r  i n c u b a t i o n  a t  37~ in t he  o x y g e n a t e d  cu l t u r e  
med ium,  w i th  a decrease  of the  205 n m  p e a k  and  a n  in- 
crease of t he  225 n m  p e a k  w i t h i n  10 ra in  of i ncuba t ion .  
These  resu l t s  on  in v i t ro  sys t ems  s u p p o r t  t he  view t h a t  a 
d i r ec t  ca rd io tox ic  effect  m a y  c o n t r i b u t e  to  t he  p a t h o -  
genesis of m y o c a r d i a l  necrosis  induced  b y  i sopro te reno l  in  
vivo.  Indeed ,  i t  h a s  been  r epo r t ed  t h a t  t h e  i sopro te reno l  
effect  in  v ivo  is on ly  p a r t i a l l y  p r e v e n t e d  b y  p rop rano lo l  1~ 
The  d e m o n s t r a t i o n  of e x t r e m e l y  r ap id  p e r m e a b i l i t y  al- 
t e r a t i o n s  of t he  s a r co l emmal  m e m b r a n e  in card iac  muscle  
ceils a f t e r  infus ion  of n o r e p i n e p h r i n e  or i sopro te reno l  n is 
also cons i s t en t  w i t h  th i s  i n t e r p r e t a t i o n .  
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