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T h e  Ef f ec t s  of  O x a m a t e  o n  the  C o n t r a c t i l i t y  of  
I s o l a t e d  R a t  A t r i a  

Oxamate ,  + H a N - C O - C O O - ,  a compound  s t ruc tura l ly  
re la ted to py ruva te ,  is an inhibi tor  of l ac ta te  dehydroge-  
nase f rom hear t  z and skeletal  muscle ~, the  inhibi t ion 
being compet i t ive  wi th  respect  to  p y r u v a t e .  O x a m a t e  
depressed anaerobic  glyeolysis and aerobic  glucose ut i l iza-  
t ion  in tumors  and h u m a n  leucocytes,  bu t  endogenous 
respirat ion is unaffected ~-4. There  is evidence t h a t  glucose 
uptake  or  ut i l izat ion th rough  the Embden-Meye rho f  pa th -  
w a y  is i m p o r t a n t  for a f rac t ion  of a t r ia l  con t rac t i l i ty  5-7, 
and thus  the  effects of o x a m a t e  of a t r ia l  funct ion  were 
studied. 

Mahods. R a t  a t r i a  were suspended in a modif ied 
Krebs -Ringer  b icarbonate  med ium and electr ical ly  s t im- 
u la ted  a t  a ra te  of 200/min. Deve loped  tension,  res t ing 
and act ion potent ia ls  were recorded as p rev ious ly  de- 
scribed~,",~. 

Results. The effects of oxama te  on a t r ia  in normal  glu- 
cose m e d i u m  are  i l lus t ra ted in F igure  1 (curves 1-3). 
The  con t rac t i l i ty  falls fair ly rap id ly  over  the  first  10 min  
and then  remains  at  this depressed level  wi th  l i t t le  change 
for a t  least  90 min, The  addi t ion  of 2.75-5.5 m M  p y r u v a t e  
or  l ac ta te  30 rain Mter  o x a m a t e  does no t  ef fec t ively  
coun te rac t  the  a t r iaI  depression (curves 4-7) ;  indeed,  
p y r u v a t e  a t  5-11 m M  fur ther  reduces the  con t rac t i l i ty  
(curves 7 and 8) s l ight ly more t h a n  in the  absence of 
o x am a te  (curves 9 and 10). These effects are not  due to 
increased osmola r i ty  or  Na+ concent ra t ion ,  since 11 m21,I 
excess NaCl  affects  con t rac t i l i ty  v e r y  l i t t le  (curve 11) - t h e  
developed, tens ion of un t rea ted  a t r ia  falls 5 -10% over  
90 min  - and does not  a l ter  the  effects of oxama te  (curve 
12). I na smuch  as the  depression was ident ical  w i th  the  
inhib i tor  alone or  in combina t ion  wi th  0.01 m M  atropine,  
cholinergic mechanisms do not  appear  to be involved.  On 
the  o ther  hand it  is in teres t ing to note  t h a t  the  ini t ial  
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Fig. 1. Effects of oxamate on normal atria and of lactate, pyruvate 
and  excess NaCI on a t r ia  depressed by  oxamate .  Curve 1, o x a m a t e  
5 m M  at  0 t ime  (4 a t r ia ) ;  curve 2, o x a m a t e  10 m M  at  0 t ime (9 
a t r ia ) ;  curve  3, o x a m a t e  20 m M  at  0 t ime  (9 a t r i a ) ;  curve  4, o x a m a t e  
10 r a m  a t  0 t ime,  2.75 m M  lac t a t e  a t  30 rain (6 a t r i a ) ;  cu rve  5, 
o x a m a t e  10 m M  at  0 t ime,  5.5 m M  lac ta te  a t  30 rain {6 a t r ia ) ;  
curve  6, o x a m a t e  10 i nM a t  0 t ime,  2.75 m M  p y r u v a t e  a t  30 min  
(6 a t r ia ) ;  curve  7, o x a m a t e  10 m M  at  0 t ime,  5.5 m M  p y r u v a t e  a t  
30 min (7 atria); curve 8, oxamate 10 mM at 0 time, II  pyruvate 
a t  30 rain (9 a t r ia ) ;  cu rve  9, p y r u v a t e  5.5 m M  a t  0 t ime  (12 a t r ia ) ;  
curve  10, p y r u v a t e  1t m M  at  0 t ime (9 atr ia)  ; curve  11, NaC111 m M  
excess at 0 time (6 atria); curve 12, oxamate 10 mM at 0 time, 

11 mM excess NaCI at 30 rain (11 atria). 
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rapid  fall  of con t rac t i l i ty  dur ing the first  10 rain ~fter 
o x a m a t e  was accompanied  by a t rans ien t  15% reduction 
in the  ra te  of depolar iza t ion  of a t r ia l  cells, wi th  no other 
consis tent  changes  in res t ing o r  ac t ion  potent ia ls .  

T h e  s imul taneous  addi t ion  a t  0 t ime  of 5.5 m M  lactate 
(Figure 2, curve  2) or  2.75 m M  p y r u v a t e  (Figure 2, 
curve  3) wi th  10 m M  oxamate ,  however ,  protects  the 
a t r ia  agains t  t he  depression by  o x a m a t e  alone (Figure 2, 
cu rve  1). H igher  concent ra t ions  of lac ta te  and pyru v~*e 
are ineffect ive (Figure 2, curves  4-6). 

Atr ia l  con t rac t i l i ty  is depressed in the absence of glo" 
cose (Figure 3, curve  1) or by  10 m M  2.deoxyglucOSe 
(Figure  3, cu rve  2); o x a m a t e  increases t he  depression ~ 
bo th  cases (Figure  3, curves  3 and 4) P y r u v a t e  11 ~J~' 
par t ia l ly  restores the  con t rac t i l i ty  in the absence of glu" 
cose, wi th  or  w i thou t  o x a m a t e  (Figure 3, curves  5 and 7), 
b u t  has no p ro tec t ive  effect  in glucose m e d i u m  in the 
presence of o x a m a t e  wi th  or  w i thou t  2_deoxygluCOSe 

curve  (Figure 3, curve  6 and Figure  1, 8). . 
Discussion. O x a m a t e  depresses a t r ia l  cont rac t i l i ty  1C 

the  presence or  absence of glucose, and when added wit 
2-deoxyglucose or  a t rop ine  b u t  the  resul ts  do no t  answer 
the  ques t ion  as to  its mechanism(s)  of action.  They  do 
provide,  however ,  some p re l iminary  d a t a  which ope~ 
in teres t ing possibili t ies regarding the  metabol ic  cont r~  
of a t r ia l  function.  Can the  ac t ion  of o x a m a t e  be explaine 
on the  basis of a blockade of the  convers ion of pyruvate  
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Fi 2 Effects  of o x a m a t e  and of o x a m a t e  plus  l ac t a t e  or oyruvatC g . . . .  - ' a '  
on no rma l  a t r ia .  Curve 1, o x a m a t e  10 m M  at  0 t ime  (9 atr t  , 
curve  2, o x a m a t e  10 m M +  5.5 m M  lac ta te  a t  0 t ime  (5 atr ia)  ; curve 
3, o x a m a t e  10 m M +  2.75 m M  p y r u v a t e  a t  0 t ime  (5 a t r i a ) ;  curV e4, 
o x a m a t e  10 m M +  5.5 m M  p y r u v a t e  a t  0 t ime  (5 a t r ia ) ;  curVe 5, 
o x a m a t e  10 m M +  11 m M  p y r u v a t e  a t  0 t ime (5 a t r ia) ;  curve 6, 

o x a m a t e  10 m M  + 11 m M  lac ta te  a t  0 t ime  (6 atr ia) .  
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t~ lac ta te?  I n h i b i t i o n  of l a c t a t e  d e h y d r o g e n a s e  b y  
°×amate resul t s  in  increased  cel lu lar  p y r u v a t e  levels,  
~educed glucose u p t a k e  a n d  glycolysis  (poss ibly  r e l a t ed  
lU:  Iall in MAD a n d  ATP) ,  a n d  a c c u m u l a t i o n  of f ruc tose-  
t [  "(1:phosphate, as d e m o n s t r a t e d  in  o t h e r  t issues% :°. On  
,2e Other h a n d ,  h i g h  c o n c e n t r a t i o n s  of p y r u v a t e  h a v e  

~ e u  shown to i n h i b i t  g lycolysis  in  the  pe r /u sed  r a t  
~,:.art::,:,, a n d  we6," as wel l  as o t h e r s  7 h a v e  p r o v i d e d  
.vl(lence t h a t  g lucose  u p t a k e  or u t i l i z a t i on  p lays  a deft-  
rote role in t h e  m a i n t e n a n c e  of a t r i a l  con t r ac t i l i t y ,  ove r  
and above t he  f o r m a t i o n  of s u b s t r a t e  for  t he  t r i c a r b o x y l a t e  
Cycle' t~ur thermore ,  h igh  p y r u v a t e  c o n c e n t r a t i o n s  de-  
Press a t r i a  desp i te  t h e  increase  in A T P  levelsS,% 

I t  is dif f icul t  to  exp la in  all t h e  effects  of o x a m a t e ,  
~artieularly t he  in i t i a l  r ap id  fall  in  con t r ac t i l i t y ,  on  t he  

asis of a d i rec t  or  i nd i r ec t  i n h i b i t i o n  of glycolysis ,  re- 
Salting f rom changes  : n t l  
or from an  a l t e r a t m n  of SCh: p y r u v a t e  or  c i t r a t e  levels,  

cy t op l a s m i c  N A D  : N A D I f  
ratio as a consequence  of a supress ion  of t h e  conve r s ion  
0f py ruva t e  to  l ac ta t e .  I t  m u s t  be  n o t e d  t h a t  t h e  n a t u r e  ~ .ad t ime course  of a t r i a l  depress ion  w i t h  o x a m a t e  are  
Ifferent f rom those  obse rved  in glucose-free m e d i u m ,  

~ r m g  i n h i b i t i o n  of glycolysis  b y  2-deoxyglucose,  or in  
ue presence of h i g h  p y r u v a t e  c o n c e n t r a t i o n s .  On t h e  

~he r  hand ,  if a fall  in  c y t o p l a s m i c  N A D  plays  a role in  
~e funct ional  effects  of t he  inh ib i to r ,  i t  would  be  r eason-  

o' ~eto expec t  t h a t  t h e  a d d i t i o n  of l ac ta te ,  t he  c o n v e r s i o n  
Waich to p y r u v a t e  is no t  l ike ly  to  be a f fec ted  b y  10 n:2i¢ 

°xamate:,~3, would  re su l t  in  f u r t h e r  r e d u c t i o n  of a t r i a l  
c°htract i l i t , ,  Possi  1,, t i n i '  1 r sie red t io of th ~. b ~  he  t : a  t an  n t  uc n 

e ra te  of ce l lu lar  d e p o l a r i z a t i o n  is i n v o l v e d  in. t h e  ea r ly  
Phase of con t r ac t i l e  fa i lure  b y  s lowing  t he  a c t i v a t i o n  of 
contractile uni t s .  L a t e r  on  some o t h e r  f ac to r s  m i g h t  
Presumably come in to  the  ac t ion  m a i n t a i n i n g  a t r i a l  t en -  
~0a a t  a c o n s t a n t  depressed  level.  

l~Yruvate a t  5.5-11 m M  e n h a n c e s  t h e  o x a m a t e  depres-  
sion of a t r i a  in  n o r m a l  glucose m e d i u m ;  t he  depress ion  
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~h~' l~ffeets of oxamate on atrial responses to 2-deoxyglucose or 3. 
% eace of glucose. Curve 1, glucose-free medium at 0 time (7 atria); 
%rye 2, 2-DG 10 mM in glucose medium at 0 time (7 atria) ; curve 3, 

~eOse-free medium + 10 mM oxamate at 0 time (5 atria)" curve 4 "'up, ' ' 
atri - 10 m M +  10 mM oxamate in glucose medium at 0 time (5 
11 a); CUrve 5, glucose-tree medium + 10 mM oxamate at 0 tin:e, 
%~M pyruvate at 30 rain (5 atria) ; curve 6, 2-DG 10 mM + 10 mM 
g*raate iu glucose medium at 0 time 11 mM pvruvate at 30 rain 
' atria); eurve 7, glucose-free medium at 0 timc~ 11 mM pyruvate 

at 30 rain (10 atria). 
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is a c t u a l l y  g r e a t e r  t h a n  in t h e  absence  of t h e  i nh ib i t o r .  
Th i s  effect  is no t  obse rved  in glucose-free  m e d i u m ,  e i t h e r  
a lone or  w i t h  o x a m a t e ,  a n d  indeed  u n d e r  such  cond i t i ons  
p y r u v a t e  induces  a p a r t i a l  b u t  de f in i t e  recovery .  On  t h e  
o t h e r  h a n d ,  p y r u v a t e  is u n a b l e  to  i m p o r v e  c o n t r a c t i l i t y  
w h e n  a d d e d  a f t e r  2-deoxyglucose  a n d  o x a m a t e  in t h e  
p re sence  of glucose. I t  t h u s  a p p e a r s  t h a t  t he  r e c o v e r y  
w i t h  h i g h  p y r u v a t e  c o n c e n t r a t i o n s  is lost  w h e n  glucose 
is p re sen t ,  w h e t h e r  glycolysis  is b locked  b y  2-deoxyglu-  
cose or  no t .  O x a m a t e  sensi t izes  t h e  a t r i a  to  t h e  d e p r e s s a n t  
effects  of h i g h  p y r u v a t e .  These  f ind ings  seem to  be con-  
s i s t en t  w i t h  t he  idea  t h a t  o x a m a t e  causes  a n  i n t r ace l l u l a r  
a c c u m u l a t i o n  of p y r u v a t e  in  such  a w a y  t h a t  e x t e r n a l l y  
a d d e d  p y r u v a t e  c an  more  easi ly  i n h i b i t  t he  in i t i a l  s teps  
of glycolysis ,  e v e n  a t  t h e  glucose t r a n s p o r t  level,  w h i c h  
m a y  be  i n v o l v e d  in t he  r e g u l a t i o n  of a t r i a l  con t r ac t i l i t y .  

I t  m a y  be  conc luded  t h a t  even  t h o u g h  we h a v e  no  
def in i t ive  ev idence  to  r e l a t e  t h e  p r inc ipa l  effect  of 
o x a m a t e  on  t he  a t r i a  to  a n  a l t e r a t i o n  of glycolysis ,  i t  
seems c lear  t h a t  o x a m a t e  can  sens i t ize  t h e  t i ssue  to  func-  
t i ona l  depress ion  t h r o u g h  g lyco ly t i c  i m p a i r m e n t .  I na s -  
m u c h  as i t  h a s  been  s h o w n  t h a t  o x a m a t e  c o m p e t i t i v e l y  
i nh ib i t s  t h e  r e d u c t i v e  a m i n a t i o n  of p y r u v a t e  to  a l an ine  :% 
a n  ac t ion  w h i c h  also favors  t he  i n t r a c e l l u l a r  a c c u m u l a t i o n  
of p y r u v a t e ,  i t  is poss ible  t h a t  some of t he  effects  of 
o x a m a t e  are  r e l a t ed  to  a l t e r a t i ons  in a t r i a l  a m i n o  acid 
m e t a b o l i s m  15. 

Zusammen/assung. O x a m a t ,  das  die L a c t a t - D e h y d r o -  
genase  h e m m t ,  e r n i e d r i g t  die K o n t r a k t i o n s f / i h i g k e i t  des 
Vorhofs  m i t  u n d  ohne  A n w e s e n h e i t  y o n  Glucose im 
M e d i u m  u n d  bei  H i n z u f i i g u n g  yon  2 -DG oder  A t rop in .  
H o h e  K o n z e n t r a t i o n  v o n  P y r u v a t  e r h 6 h t  die Depress ion  
y o n  O x a m a t  auf  den  Vorhof  im Glucose-Mil ieu.  O x a m a t  
sens ib i l i s ie r t  das  Gewebe  ffir f u n k t i o n e l l e n  A b b a u  d u r c h  
Glycolyse.  
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