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C h r o n i c  h y p o k a l a e m i a  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  i n  human 

e r y t h r o c y t e s  ( 4 ) ,  i n d i c a t i n g  an i n c r e a s e d  number  o f  s o d i u m  pump m o l e c u l e s .  I f  t h i s  

a d a p t a t i o n  m e c h a n i s m  a l s o  o c c u r s  i n  t h e  h e a r t ,  t h e n  p a t i e n t s  w i t h  c h r o n i c  K + d e p l e t i o n  

c o u l d  h a v e  an a t t e n u a t 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  t o  c a r d i a c  g l y c o s i d e s ,  i n  com- 

p a r i s o n  w i t h  a c u t e l y  K + - d e p l e t e d  p a t i e n t s  ( f o r  d i s c u s s i o n  s e e  ( 2 ) ;  5 ) .  However ,  t h i s  

a d a p t a t i o n  m e c h a n i s m  s e e m s  t o  be  c e l l -  a n d / o r  s p e c i e s - s p e c i f i c :  i n c r e a s e d  (Na++K+) - 

ATPase  a c t i v i t y  i n  g u i n e a  p i g  m y o c a r d i a l  t i s s u e  ( 1 , 3 )  and  i n  r a b b i t  h e a r t  ( 7 ) ,  b u t  d e -  

c r e a s e d  number  o f  o u a b a i n  b i n d i n g  s i t e s  i n  r a t  s o l e u s  m u s c l e  ( 6 ) .  R e c e n t l y  we h a v e  

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  

and  non 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  ( 8 , 9 ) .  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  

q u a n t i t a t i v e l y  s t u d y  t h e  e f f e c t  o f  d i f f e r e n t  d e g r e e s  o f  c h r o n i c  K + d e p l e t i o 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  s o d i u m  pump m o l e c u l e s  i n  c a r d i a ~  m u s c l e  and  

non m u s c l e  c e l l s .  

M e t h o d s :  A l l  m a t e r i a l s  and  m e t h o d s  u s e d  h a v e  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  ( 8 , 9 ) :  

p r e p a r a t i o n  and  s e p a r a t e  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  and  non m u s c l e  c e l l s  f rom 12-13  

d a y - o l d  c h i c k e n  e m b r y o s  ( 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 ( O . 1 2 % ) - c o l -  

l a g e n a s e ( O . O 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 . 1 - 1 . 8 ) x l O 5 c e l l s /  

cm 2) i n  25 cm 2 N u n c l o n  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  m g ( m u s c l e  

c e l l s )  o r  0 . 0 5  mg(non  m u s c l e  c e l l s )  g e n t a m y c i n / m l  and  1 ~  f e t a l  c a l f  s e r u m  (non  m u s c l e  

c e l l s )  o r  10% f e t a l  c a l f  s e r u m  and 10% h o r s e  s e r u m  in  c a s e  o f  m u s c l e  c e l l s ;  m e a s u r e m e n t  

o f  s p e c i f i c  ( 3 H ) - o u a b a i n  b i n d i n g  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  (4x lO  6 c p m / f l a s k ,  1 4 - 2 0  

C i / m m o l ,  NEN C h e m i c a l s ,  D-6072 D r e i e i c h ,  F . R . G . ;  i n c u b a t i o n  p e r i o d  2 h o u r s ;  [K+J=0 .75  
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mM, 37 ° , i n c u b a t i o n  v o l u m e  4 . 1  ml ;  m e a s u r e m e n t  o f  u n s p e c i f i c  ( 3 1 t ) - 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 :  5 % o f  m a x i m a l  c o u n t s  b o u n d ) ;  m e a s u r e m e n t  o f  o u a b a i n - s e n s i t i v e  (86Rb++ 

K + ) - i n f l u x  r a t e s  ( i n c u b a t i o n  p e r i o d  w i t h  (86Rb+) :  5 min ;  [K+~=0 .75  mM; m e a s u r e m e n t s  

r e p r e s e n t  i n i t i a l  v e l o c i t i e s  o f  a c t i v e  K + - i n f l u x ;  370;  1 . 6 x l O  6 cpm ( 8 6 R b + ) / f l a s k ;  i n -  

c u b a t i o n  v o l u m e  4 . 1  ml ;  m e a s u r e m e n t  o f  o u a b a i n - i n s e n s i t i v e  i n f l u x  a t  lO-4M o u a b a i n :  

5 % o f  t o t a l  i n f l u x ) ;  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  m e t h o d  o f  Lowry .  

A f t e r  g r o w i n g  t h e  c e l l s  f o r  two d a y s  i n  c u l t u r e  ( s y n c h r o n o u s l y  b e a t i n g  m o n o l a y e r s  o f  

m u s c l e  c e l l s ;  c o n f l u e n t  c u l t u r e s  o f  non m u s c l e  c e l l s ;  a b o u t  1 mg o f  c e l l  p r o t e i n  

p e r  f l a s k ) ,  medium ( s e e  a b o v e )  h a s  b e e n  r e p l a c e d  by medium w i t h  t h e  d e s i r e d  K + c o n -  

c e n t r a t i o n s  (5% c a l f  s e r u m  ( f e t a l ) ;  i n  c a s e  o f  m u s c l e  c e l l s :  p l u s  5% d i a l y s e d  h o r s e  

s e r u m ;  d a i l y  medium c h a n g e ) .  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  r a t i o  (8)  a f t e r  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  f o r  t h r e e  d a y s  a t  5 . 4  and  0 . 7  mM K + y i e l d e d  t h e  f o l l o w i n g  r e -  

s u i t s : ( 4 . 7  ~ 0 . 8 ) x l O  6 and  ( 4 . 8  ~ 1 . O ) x l O  6 c e l l s / m g  p r o t e i n  (mean ~ SD, n = 6 ) .  The t e r m  

" n o n  m u s c l e  c e i l s "  r e f e r s  t o  h e a r t  c e l l s  l a c k i n g  s a r c o m e r e s ,  m a i n l y  c o n s i s t i n g  o f  

f i b r o b l a s t s  and  e n d o t h e l i a l  c e l l s  ( 8 ) .  The  d a t a  p r e s e n t e d  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 :  I n  t h e  p r e s e n c e  o f  low K + ( 0 . 7  mM), t h e  c a p a b i l i t y  o f  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  t o  b i n d  o u a b a i n  s t e a d i l y  i n c r e a s e s  w i t h i n  20 -73  h o u r s  o f  i n c u -  

b a t i o n  p e r i o d  ( f i g . l a ) ,  r e a c h i n g  a new e q u i l i b r i u m  ( a b o u t  150 % o f  c o n t r o l  (5.4mM K+))  

a f t e r  75 h o u r s .  The  i n c r e a s e d  o u a b a i n  b i n d i n g  c a p a c i t y  o f  t h e  c e l l s  grown a t  low K + i s  

due  t o  an  i n c r e a s e d  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 :  w h i l e  t h e  r e c e p t o r  a f f i n i t y  
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- a s  shown f o r  c a r d i a c  non m u s c l e  

c e i l s  i n  f i g . 2  - i s  u n a l t e r e d  by 

e x p o s u r e  o f  t h e  c e l l s  t o  low K + 

( 1 . 0  mM) f o r  t h r e e  d a y s ,  b i n d i n g  

c a p a c i t y  p e r  mg c e l l  p r o t e i n  i n -  

creases by 25 ~ 8 % ( cardiac 

+ 
muscle cells; mean - SEM, n=5) 

and 66 ~ 15 % (cardiac non muscle 

cells; n=7) above control (cells 

grown for days at IK÷]:5.4 raM). 

As t h e  c e l l / p r o t e i n  r a t i o  i s  n o t  

F i $ . l :  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 i l s  f rom c h i c k e n  e m b r y o s  t o  low K +.  I n f l u -  

e n c 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  ( 6 . 8 x l o - S M )  and  on a c t i v e  ( 8 6 R b + + K + ) - i n f l u x .  
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altered by low K + (see methods), the in- 

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 -  1,5 

r e i n  r e f l e c t s  an i n c r e a s e  i n  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 .  T h e s e  a d d i t i o n a l  
E 1,0 

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

ing sodium pump molecules (fig. Ib): 
0,5 

when measured under identical K + con- 

0 

c e n t r a t i o n s  ( 0 . 7 5  mM), a b imoda l  s t i m u -  

l a t i o n  o f  a c t i v e  ( 8 6 R b + + K + ) - i n f l u x  i s  ~ 0 

o b s e r v e d  in  c a r d i a c  m u s c l e  c e l l s  grown 

a t  low K+: an i n i t i a l  r i s e  - o b s e r v a b l e  

within minutes after exposure of the 

cells to low K += is followed by an 

additional rise of the transport rate, 

the latter running in parallel with 

the increase in ouabain binding (fig.la). 

Similar results as described in fig. I 

for cardiac muscle cells have been also 

/ 

i t I I 
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obtained with cardiac non muscle cells 

( e x p e r i m e n t s  n o t  s h o w n ) .  With r e s p e c t  

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

r e c e p t o r  d e n s i t y  i n d u c e d  by low K +, 

q u a n t i t a t i v e l y  d i f f e r e n t  r e s p o n s e s  have 

been found in cardiac muscle and 

non muscle cells ( f i g . 3 ) :  in cardiac 

muscle cells, a significant rise 

in receptor density only occurs at 

very low (about 1 mM) K ÷ concentrations. 
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F i ~ . 2 :  a) C o n c e n t r a t i o n  d e p e n d e n c e  o f  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 u l t u r e d  c a r d i a c  

non m u s c l e  c e l l s  from c h i c k e n  emb ry o s ,  grown 

f o r  3 days  a t  [K+~= 1 .0  and 5 . 4  mM r e s p e c t i v e -  

l y .  F i g .  b) S c a t c h a r d  p l o t  a n a l y s i s  o f  b i n d -  

i n g  c u r v e s  p r e s e n t e d  in  f i g .  a ) .  L i n e a r  r e -  

g r e s s i o n  a n a l y s i s  ( r  = 0 . 9 8 )  y i e l d s  t h e  d a t a  

given in the inset. 

Discussion: Chronic exposure to low K + increases the number of sodium pump molecules 

and thereby of cardiac glycoside receptors in cardiac muscle and non muscle cells from 

chicken embryos (fig. I-5, (5)), without alteration of the receptor affinity for oua- 

bain (fig.2). Two mechanisms are available in these cells, to compensate - at least in 

part- for the reduction in sodium pump activity, induced by low K + (fig. l): a) enhance- 

ment of the activity of the sodium pump molecule, observable within minutes after low 

K + exposure, probably due to the increased intracellular Na + concentration (10); 

b) induction of additional sodium pump molecules. The latter process decreases cardiac 

~lycoside sensitivity of chicken heart muscle cells (5), thereby counteracting the 
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low K + - i n d u c e d  r i s e  i n  c a r d i a c  

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

( 2 , 9 ) °  The d e g r e e  o f  t h i s  

a d a p t a t i o n  mechan i sm,  h o w e v e r ,  

seems  t o  be s t r o n g l y  c e l l - s p e -  

c i f i c  ( f i g . 3 ) :  i n  c a s e  o f  c a r -  

d i a c  m u s c l e  c e i l s  from c h i c k e n  

e m b r y o s ,  o n l y  v e r y  low e x t e r -  

na l  K + c o n c e n t r a t i o n s  ( a b o u t  

1 mM) i n d u c e  a d d i t i o n a l  sod ium 

pump m o l e c u l e s .  
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Fi  B . 3: S p e c i f i c  ( 3 l l ) - o u ~ b a i n  b i n d i n g  (6 .8x10-8M)  in  c a r d i a c  m u s c l e  and non m u s c l e  

c e i l s  from c h i c k e n  embryos :  i n f l u e n c e  o f  d i f f e r e n t  d e g r e e s  o f  c h r o n i c  ( 3 day p e r i o d )  

K + d e p l e t i o n .  C o n t r o l  v a l u e s :  m u s c l e  c e l l s :  0 . 9  ( o ) ,  1 .4  (&) and 1 .2  ([]) pmoles /mg  

p r o t e i n ;  non m u s c I e  c e l l s :  0 . 5  ( e )  and 1 .0  ( | )  pmo le s /mg  p r o t e i n .  
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