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Both  an i n c r e a s e d  number o f  b i n d i n g  s i t e s  f o r  c a r d i a c  g l y s o s i d e s  (3)  and an i n c r e a s e d  

(Na++K+)-ATPase a c t i v i t y  (1)  have  b e e n  r e p o r t e d  t o  e x i s t  i n  e r y t h r o c y t e s  o f  p a t i e n t s  

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

t o  t h e  h e a r t ,  t h e n  t a c h y p h y l a x i s  o f  t r e a t m e n t  s h o u l d  r e s u l t  ( 4 ) .  In  h e a r t  t i s s u e ,  

h o w e v e r ,  e x p e r i m e n t a l  f i n d i n g s  a r e  c o n t r o v e r s i a l  ( f o r  d i s c u s s i o n  s e e  2 ) .  R e c e n t l y ,  we 

have  c h a r a c t e r i z e d  t h e  p r o p e r t i e s  o f  c a r d i a c  g l y c o s i d e  r e c e p t o r s  i n  c u l t u r e d  c a r d i a c  

m u s c l e  c e l l s  f rom c h i c k e n  embryos  ( 5 , 6 ) .  T h e s e  c e l l s  p r o v i d e  a u s e f u l  model  t o  s t u d y  

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

e f f e c t  o f  c h r o n i c  e x p o s u r e  t o  " t h e r a p e u t i c "  a s  w e l l  a s  t o  t o x i c  l e v e l s  o f  o u a b a i n  on 

t h e  number o f  c a r d i a c  g l y c o s i d e  r e c e p t o r s  and sodium pump m o l e c u l e s  i n  t h e  h e a r t .  

Me thods :  M a t e r i a l s  and m e t h o d s  u s e d  have  b e e n  d e s c r i b e d  i n  d e t a i l  p r e v i o u s l y  ( 5 , 6 ) :  

p r e p a r a t i o n  and c u l t i v a t i o n  o f  c a r d i a c  m u s c l e  c e l l s  from 12 - 13 d a y - o l d  c h i c k e n  

embryos  ( d i s a g g r e g a t i o n  o f  h e a r t  t i s s u e  a t  37 ° w i t h  t r y p s i n  ( 0 . 1 2  % ) - c o l l a g e n a s e  

( 0 . 0 3  % ) - s a l t  s o l u t i o n  ( C a 2 + , M g 2 + f r e e ) ;  s e e d i n g  o f  t h e  c e l l s  ( ( 1 , 5  - 2 , 5 ) x 1 0 5  c e l l s /  
2 cm i n  Nunclon  p l a s t i c  f l a s k s  i n  CMRL medium, s u p p l e m e n t e d  w i t h  0 . 0 2  mg/ml 

g e n t a m y c i n ,  5 % f e t a l  c a l f  se rum and 5 % h o r s e  s e r u m ) ;  d e t e r m i n a t i o n  o f  c e l l  

p r o t e i n  a c c o r d i n g  t o  t h e  method  o f  Lowry.  A f t e r  t h e  c e l l s  have  b e e n  c u l t u r e d  f o r  

2 d a y s ,  u n l a b e l l e d  o u a b a i n  a t  t h e  d e s i r e d  c o n c e n t r a t i o n  h a s  b e e n  added  t o  t h e  medium, 

and c e l l s  have  b e e n  c u l t u r e d  f o r  3 o r  4 d a y s  w i t h  d a i l y  medium c h a n g e ; ~ K ~ =  5 . 5  mM. 

T h e r e a f t e r ,  c e l l - b o u n d  o u a b a i n  h a s  b e e n  r e p l a c e d  by t h o r o u g h  w a s h i n g  o f  t h e  c e l l s  

i n  o u a b a i n - f r e e  medium ( w a s h i n g  p e r i o d  2 h o u r s ,  3 7 o ) .  85 - 95 % o f  u n l a b e l l e d  o u a b a i n  

c o u l d  be r e p l a c e d  by t h i s  w a s h i n g  p r o c e d u r e ,  a s  h a s  b e e n  t e s t e d  by u s i n g  ( 3 B ) - o u a b a i n  

2337 



2338 Preliminary communications 

a t  a p p r o p r i a t e  c o n c e n t r a t i o n s .  S u b s e q u e n t l y ,  s p e c i f i c  ( 3 H ) - o u a b a i n  b i n d i n g  t o  t h e  

c e l l s  u n d e r  e q u i l i b r i u m  c o n d i t i o n s  h a s  b e e n  d e t e r m i n e d  by a d d i n g  ( 3 H ) - o u a b a i n ,  a s  

p r e v i o u s l y  d e s c r i b e d  ( 6 ) :  2 .OxlO 6 cpm ( 3 H ) - o u a b a i n / f l a s k ,  s p e c i f i c  a c t i v i t y  14 - 20 

Ci /mmol  (NEN C h e m i c a l s ,  D-6072 D r e i e i c h ,  F . R . G . ) ,  2 . 0  - 3 . 0  mg c e l l  p r o t e i n / f l a s k ,  

L K ~ =  0 . 7 5  mbl; t e m p .  3 7 ° ;  i n c u b a t i o n  p e r i o d  2 h o u r s ;  i n c u b a t i o n  vo lume  4 . 1  ml ;  

u n s p e c i f i c  ( 3 H ) - o u a b a i n  b i n d i n g  a t  10-4M o u a b a i n :  a b o u t  8 % o f  maximal  c o u n t s  b o u n d .  

D e t e r m i n a t i o n  o f  p r o t e i n / c e l l  r a t i o  (5 )  a f t e r  c u l t i v a t i o n  o f  t h e  c e l l s  f o r  3 d a y s  a t  

3xlO-6M o u a b a i n ,  and  w i t h o u t  o u a b a i n ,  y i e l d e d  t h e  f o l l o w i n g  r e s u l t s :  ( 5 . 7  ~ 1 . 3 ) x l O  6 

and  ( 5 . 5  ~ 1 . 2 ) x 1 0 6  c e l l s / m g  p r o t e i n  ( m e a n + / ' -  SD, n = 4 ) .  The d a t a  g i v e n  i n  t h i s  

r e p o r t  a r e  mean v a l u e s  f rom c l o s e l y  c o r r e l a t i n g  t r i p l i c a t e s .  A l l  e x p e r i m e n t s  h a v e  

b e e n  c a r r i e d  o u t  a t  l e a s t  t h r e e  t i m e s .  

R e s u l t s :  In  t h e  e x p e r i m e n t  o f  f i g .  l a ,  s p e c i f i c  ( 3 H ) - o u a b a i n  b i n d i n g  t o  c a r d i a c  

m u s c l e  c e l l s  f rom c h i c k e n  e m b r y o s  h a s  b e e n  d e t e r m i n e d ,  a f t e r  a c u t e  (2 h o u r s )  and  

a f t e r  c h r o n i c  (3 d a y s )  e x p o s u r e  o f  t h e  c e l l s  t o  o u a b a i n  ( 3 x l O ' 6 M ) .  In  c o m p a r i s o n  

w i t h  c o n t r o l  and  a c u t e l y  o u a b a i n - t r e a t e d  c e l l s ,  c h r o n i c a l l y  o u a b a i n - t r e a t e d  c e l l s  

b i n d  a b o u t  90 % more ( 3 H ) - o u a b a i n  a t  e v e r y  o u a b a i n  c o n c e n t r a t i o n  c h o s e n .  A n a l y s i s  o f  

301 ~ chronic 

20 .~  ~ "  t cor'o' ~ 10 acute 

 1cr8 lO-7  v-7 
ouoboin concentrotionlM) 

E ouoboin K D B 
3xtO'6M (M) (prno[es/mg pr.: 

~" (~) acute 3.3xt0"7, 5.5 
~: 3C ".  chronic 3.~10 -7 _ 10,7 

- .  o contro[ 2,4x10 "7 5,6 
x,,,O A 
0 ~ ' / /N 

¢" '~  0 '~ b,, 6', 
1(:; % 'o  "o 

%o'0" ,o " . o  

,m ~ 5 10 15 20 [3HJ-oual:)ain bound/free (10 3) 

F i $ . l :  C o n c e n t r a t i o n - d e p e n d e n t ~  

s p e c i f i c  ( 3 H ) - o u a b a i n  b i n d i n g  t o  

c a r d i a c  m u s c l e  c e l l s  f rom c h i c k e n  

e m b r y o s ,  a f t e r  a c u t e  (2 h o u r s )  

and  c h r o n i c  (3 d a y s )  e x p o s u r e  

t o  3x lO-6H o u a b a i n ;  3 . 1  mg c e l l  

p r o t e i n / f l a s k .  F o r  f u r t h e r  

t h e s e  b i n d i n g  d a t a  a c c o r d i n g  

t o  S c a t c h a r d  i s  c o n s i s t e n t  

w i t h  an  i n c r e a s e  i n  t h e  number  o f  

o u a b a i n  b i n d i n g  s i t e s  a f t e r  

c h r o n i c  o u a b a i n  e x p o s u r e  

w i t h o u t  any  s i g n i f i c a n t  

a l t e r a t i o n  o f  r e c e p t o r  a f f i n i t y  

( f i g .  l b  ) .  

The s l i g h t l y  h i g h e r  d i s s o c i a t i o n  

c o n s t a n t  o f  o u a b a i n  b i n d i n g  t o  

a c u t e l y  and  c h r o n i c a l l y  o u a b a i n -  

d e t a i l s  s e e  " m e t h o d s "  and  " r e s u l t s " ;  (mean + SD; n = 3 ) .  
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t r e a t e d  c e l l s  i n  c o m p a r i s o n  t o  c o n t r o l  c e l l s  r e s u l t  f rom t h e  s m a l l  amount  o f  u n l a b e l l e d  

o u a b a i n ,  r e m a i n i n g  b o u n d  t o  t h e  c e l l s  d e s p i t e  t h e  w a s h i n g  p r o c e d u r e  ( s e e  m e t h o d s ) .  

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

o u a b a i n - t r e a t e d  c e l l s  w i t h  ( 3 H ) - o u a b a i n  a t  t h e  b e g i n n i n g  o f  t h e  i n c u b a t i o n  p e r i o d ,  a s  

i n t e r f e r e n c e  w i t h  o u a b a i n  r e c e p t o r  b i n d i n g  from o u a b a i n  i n t e r n a l i z a t i o n  would  r e s u l t  by 

a p p l i c a t i o n  o f  t h e  l a t t e r  me thod  ( f o r  d i s c u s s i o n  s e e  ( 6 ) ) .  As t h e  p r o t e i n / c e l l  r a t i o  

i s  n o t  a l t e r e d  by  o u a b a i n  (3x lO-6H,  s e e  " m e t h o d s " ) ,  t h e  i n c r e a s e  i n  o u a b a i n  b i n d i n g /  

mg c e l l  p r o t e i n  r e f l e c t s  an  i n c r e a s e  o f  o u a b a i n  b i n d i n g  s i t e s  p e r  c e l l .  No f u r t h e r  

i n c r e a s e  i n  t h e  number  o f  s i t e s  was o b s e r v e d  d u r i n g  a f u r t h e r  i n c u b a t i o n  p e r i o d  o f  
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o f  e x p o s u r e -  we re  a b s e n t  a t  

day  3 o f  o u a b a i n  t r e a t -  

F i g .  2:  I n f l u e n c e  o f  c h r o n i c  

o u a b a i n  e x p o s u r e  on s p e c i f i c  

( 3 H ) - o u a b a i n  b i n d i n g  ( 3 x l o - T M )  

o f  c a r d i a c  m u s c l e  c e l l s  f r o m  

c h i c k e n  e m b r y o s .  F i g .  a :  

i n c u b a t i o n  p e r i o d  3 d a y s ;  

r K+~= 3 . 5  mM. V a l u e s  a r e  g i v e n  

a s  a d d i t i o n a l l y  bound  

( 3 H ) - o u a b a i n  (mean ~ SD; 

n = 3) o f  c h r o n i c a l l y  o u a b a i n -  

t r e a t e d  c e l l s  i n  c o m p a r i s o n  

w i t h  a c u t e l y  t r e a t e d  c e l l s  

( f o r  d e f i n i t i o n  s e e  t e x t  t o  

f i g .  1) a t  t h e  v e r y  same 

o u a b a i n  c o n c e n t r a t i o n .  

( 3 H ) - o u a b a i n  b i n d i n g  o f  a c u t e l y  t r e a t e d  c e l l s :  3 . 0  ~ 0 . 2  p m o l e s / m g  p r o t e i n  (n  = 7 ) .  

F i g .  b :  r e s u l t s  o f  f i g .  a a r e  g i v e n  a s  p r e c e n t a g e  i n  i n c r e a s e  i n  s p e c i f i c  ( 3 H ) - o u a b a i n  

b i n d i n g  d e p e n d i n g  on  r e c e p t o r  o c c u p a n c y  d u r i n g  o u a b a i n  e x p o s u r e .  A c u t e l y  o u a b a i n -  

t r e a t e d  c e l l s  a t  t h e  v e r y  same o u a b a i n  c o n c e n t r a t i o n  s e r v e d  a s  c o n t r o l .  R e c e p t o r  

o c c u p a n c y  h a s  b e e n  c a l c u l a t e d  f rom t h e  d i s s o c i a t i o n  c o n s t a n t  (K D) o f  o u a b a i n  b i n d i n g  a t  

~K+J=3 .5  raM, d e t e r m i n e d  a s  ( 4 . 3  + / -  O .2 )x lO 'TM (mean + / -  SD; n = 5 ) ,  a c c o r d i n g  t o  t h e  

c o n t r o l  e x p e r i m e n t s  o f  f i g .  1 ( s e e  a l s o  ( 6 ) ) .  
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ment  ( 3 x l O - 6 M ) ; c h r o n i c a l l y  o u a b a i n - t r e a t e d  c e l l s  had h i g h e r  ( 8 6 R b + + K + ) - i n f l u x  r a t e s  

( f o r  method  s e e  ( 6 ) )  and a h i g h e r  c e l l - K  + ( d e t e r m i n e d  by f l a m e  p h o t o m e t r y )  t h a n  

acutely treated cells ( experiments not shown). 

The extent of the rise in receptor density depends on the ouabain concentration chosen 

during chronic exposure of the ceils (fig. 2a). When calculating the receptor occupancy 

for every ouabain concentration chosen ( see legend to fig. 2), the increase in 

ouabain binding can be plotted as function of receptor occupancy during chronic 

ouabain exporure ( fig. 2b ): an increase in ouabain binding only occurs at receptor 

occupancies ~ 60 %. 

D i s c u s s i o n :  C h r o n i c  e x p o s u r e  o f  c a r d i a c  m u s c l e  c e l l s  from c h i c k e n  embryos  i n c r e a s e s  

t h e  number o f  c a r d i a c  g l y c o s i d e  r e c e p t o r s  on t h e  c e l l  ( f i g .  1 , 2 ;  ( 4 ) ) .  As t h i s  

r e c e p t o r  i s  p a r t  o f  t h e  sod ium pump m o l e c u l e ,  t h i s  f i n d i n g  a l s o  d e m o n s t r a t e s  a h i g h e r  

number o f  sod ium pump m o l e c u l e s  p e r  c e l l .  The i n c r e a s e d  ( 8 6 R b + + K + ) - i n f l u x  and t h e  

h i g h e r  c e l l - K  + i n  c h r o n i c a l l y  o u a b a i n - t r e a t e d  - i n  c o m p a r i s o n  w i t h  a c u t e l y  o u a b a i n -  

t r e a t e d - c e l l s  s u p p o r t  t h i s  s u g g e s t i o n  ( s e e  t e x t ;  ( 4 ) ) .  However ,  an i n d u c t i o n  o f  

a d d i t i o n a l  c a r d i a c  g l y c o s i d e  r e c e p t o r s  o n l y  o c c u r s  d u r i n g  c h r o n i c  e x p o s u r e  t o  t o x i c  

( r e c e p t o r  o c c u p a n c y  ~ 60 %), b u t  n o t  t o  " t h e r a p e u t i c "  o u a b a i n  c o n c e n t r a t i o n s .  T h i s  

may be due t o  t h e  c a p a b i l i t y  o f  t h e s e  c e l l s  t o  c o m p e n s a t e  i n h i b i t i o n  o f  a b o u t  40 % o f  

sod ium pump m o l e c u l e s ,  a s  shown d u r i n g  a c u t e  o u a b a i n  t r e a t m e n t  ( 5 ) .  Though an 

i n c r e a s e d  r e c e p t o r  d e n s i t y  r e d u c e s  t h e  i n o t r o p i c  a c t i o n  o f  c a r d i a c  g l y c o s i d e s  ( 4 ) ,  no 

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

e x p o s u r e  t o  " t h e r a p e u t i c "  l e v e l s  o f  c a r d i a c  g l y c o s i d e s .  
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