
Basic Res. Cardiol. 73, 160-170 (1978) 
@ 1978 Dr. Dietrich Steinkopff Verlag, Darmstadt 
ISSN 0300~428 

Cardiovascular Research Centre (Head: Prof.  MUDr. L. Hejhal ,  DrSc.) 
o~f the Ins t i tu te  5or Clinical and Exper imen ta l  Medicine 

(Director: Prof.  MUDr.  P. Mdlek,  DrSc.) Bud~jovickd  800, Praha 4 - Kr~ (CSSR)  

Myocardial amino acid metabolism 
in patients with chronic ischemic heart disease 

Myokardialer Aminos/iuren-Stoffwechsel 

bei Pat ienten mit chronisch-isch/imischen Herzleiden 

V.  B r o d a n ,  J. F a b i d n ,  M. A n d ~ l , a n d  J. P e c h a r  

With 3 figures and 1 table 

(Received June  15, 1977) 

S u m m a r y  

In nine patients with ischemic heart  disease the authors investigated the 
ar ter io-coronary venous difference of free amino acids in serum at rest and 
during pacing. At rest aspartate was the only amino acid with a marked positive 
ar ter io-coronary venous difference. At the peak of pacing, in addition to as- 
partate, there  is a significant positive ar ter io-coronary venous difference in 
glutamate, leucine and isoleucine and a significantly negat ive difference in 
cystine-cysteine and glutamine with asparagine. When expressed in per cent of 
the arterial  level, the negative difference in alanine is also significant. Among 
the mutual  correlations of ar ter io-coronary venous differences the negative 
correlation between alanine and lactate is most significant, which suggests 
that  under normal conditions pyruvate  is t ransformed ra ther  to alanine, while 
in ischemia lactate is formed from pyruvate,  and released from the heart  
muscle. There is also a positive correlation between alanine and glutamine and 
between leucine, isoleucine and glutamate. 

On the other hand, cystine-cysteine correlates very significantly but  in- 
versely with leucine, isoleucine and glutamate. 

The ar ter io-coronary venous difference of aspartate, though significantly 
positive, does not correlate with any other amino acid. The ar ter io-coronary ve-  
nous differences of ammonia and uric acid correlate inversely, whereby uric 
acid, contrary to ammonia, is practically not released from the hear t  muscle. 

The  i m p o r t a n c e  of amino  acids in the  e n e r g y  m e t a b o l i s m  of the  m y o -  
c a r d i u m  is not  dec i s ive  f r o m  the  q u a n t i t a t i v e  aspect ,  v a r i ous  f ind ings  sug-  
gest, h o w e v e r ,  t h a t  amino  acids p l ay  an i m p o r t a n t  role  in me tabo l i c  r egu -  
la t ion  and u n d e r  ce r t a in  condi t ions  m a y  b e c o m e  an essen t ia l  subs t r a t e  (8). 
A m i n o  acids are  l i nked  at va r ious  si tes w i t h  me tabo l i c  pa thways ,  w h e r e -  
by  a dec is ive  role  is p l a y e d  by  t r a n s a m i n a t i o n  and o x i d a t i v e  deamina t ions .  
Acco rd ing  to some f ind ings  it  is p r o b a b l e  tha t  in the  m y o c a r d i u m ,  s imi l a r ly  
as in ske le ta l  muscle ,  a l an ine  is p r o d u c e d  (9, 15, 24). The  u p t a k e  of g lu t a -  
m a t e  and  re lease  of a l an ine  is p r o b a b l y  associa ted  w i t h  the  necess i ty  to 
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d e t o x i c a t e  i n  s k e l e t a l  m u s c l e  a n d  i n  t h e  m y o c a r d i u m  a m m o n i a  w h i c h  is 
f o r m e d  a b o v e  a l l  b y  t h e  b r e a k d o w n  of  a d e n i n e  n u c l e o t i d e s  (1, 31). 

I n  ~ s c h e m i c  h e a r t  m u s c l e  ~ a c t a t e  i s  ~ o r m e d  ~ ,  l ~ ,  21,  25~ a n d  a t  t h e  
s a m e  t i m e  a c c o r d i n g  to  s o m e  f i n d i n g s  l e s s  a l a n i n e  is r e l e a s e d  (4). T h e  a r -  
t e r i o - c o r o n a r y  v e n o u s  ( a - cv )  d i f f e r e n c e  of  g l u t a m a t e  i n  s u b j e c t s  w i t h  m y o -  
c a r d i a l  i s c h e m i a  r e m a i n s  p o s i t i v e  d u r i n g  p a c i n g  (24). L i t t l e  is k n o w n  a b o u t  
t h e  b e h a v i o u r  of  o t h e r  a m i n o  a c i d s  i n  i s c h e m i c  h e a r t  m u s c l e .  W e  d e c i d e d  
t h e r e f o r e  to  i n v e s t i g a t e  c h a n g e s  i n  a a - c v  d i f f e r e n c e s  of  f r e e  a m i n o  a c i d s  
d u r i n g  f l o w  t h r o u g h  t h e  h e a r t  m u s c l e  a t  r e s t  as  w e l l  as  a t  t h e  p e a k  of  
p a c i n g  i n  a g r o u p  w i t h  i s c h e m i c  h e a r t  d i s e a s e .  I n  o u r  e x p e r i m e n t  w e  u s e d  
t h e  d e v e l o p m e n t  of  a n e g a t i v e  a - c v  d i f f e r e n c e  of  l a c t a t e  a n d  a h i g h e r  l a c -  
t a t e - p y r u v a t e  r a t i o  i n  b l o o d  f r o m  t h e  c o r o n a r y  s i n u s  as  c o m p a r e d  w i t h  
a r t e r i a l  b l o o d  as  a n  o b j e c t i v e  m e t a b o l i c  c r i t e r i u m  of  t h e  d e v e l o p m e n t  o f  
a c u t e  i n d u c e d  i s c h e m i a  o f  t h e  h e a r t  m u s c l e  (3, 11, 16, 25). B e c a u s e  t h e  i n -  
t e n s i t y  of  t h e  r e s p o n s e  to  p a c i n g  d i s p l a y s  g r e a t  i n d i v i d u a l  d i f f e r e n c e s ,  i t  
is  i m p o r t a n t  to  p a y  a t t e n t i o n  n o t  o n l y  to  m e a n  v a l u e s  of  a - c v  d i f f e r e n c e s  
f o r  t h e  w h o l e  g r o u p  b u t  a l so  to  i n d i v i d u a l  i n v e s t i g a t i o n s  a n d  m u t u a l  c o r -  
r e l a t i o n s  of  i n d i v i d u a l  p a r a m e t e r s  a n d  t h e i r  r e l a t i o n s h i p  to  p o s s i b l e  l a c -  
t a t e  f o r m a t i o n .  

Methods 

Nine  m e n  aged  37-55 y e a r s  w e r e  e x a m i n e d .  Al l  s u f f e r e d  f r o m  a n g i n a  pec to -  
r is  g r a d e  I I  to IV  a n d  a l l  h a d  a m y o c a r d i a l  i n f a r c t i o n  in  t h e  ca se -h i s to ry .  None  
of t he  p a t i e n t s  h a d  s igns  of ca rd i ac  fa i lu re .  I t  w a s  a r a n d o m  se lec t ion  f r o m  a 
g roup  of 53 s u b j e c t s  a b o u t  w h i c h  w e  r e p o r t e d  e l s e w h e r e  (11). 

A G o o d a l e - L u b i n  c a t h e t e r  w a s  i n s e r t e d  in to  t h e  c e n t r a l  p o r t i o n  of t he  coro-  
n a r y  s inus.  T h e  s t i m u l a t i o n  c a t h e t e r  was  i n t r o d u c e d  in to  t h e  r i g h t  aur ic le .  T h e  
sou rce  of i m p u l s e s  w a s  a c a r d i o s t i m u l a t o r  w i t h  a f ixed  s m o o t h l y  a d j u s t a b l e  f r e -  
quency ,  d e s i g n e d  in ou r  d e p a r t m e n t .  E i t h e r  a s h o r t  or  long  spec ia l ly  s h a p e d  
t u b e  w a s  i n s e r t e d  in to  t he  b r a c h i a l  a r t e r y  w h i c h  m a d e  i n t u b a t i o n  of t h e  lef t  
v e n t r i c l e  possible .  H e p a r i n  w as  a d m i n i s t e r e d  in  t he  u s u a l  a m o u n t s ,  i.e. 100 i.u. p e r  
kg  w e r e  a d m i n i s t e r e d  in a s ing le  dose  a n d  d u r i n g  t h e  e x a m i n a t i o n  the  c a t h e -  
t e r s  w e r e  r i n s e d  w i t h  s a l ine  a n d  h e p a r i n  a t  a r a t io  of 500 i.u. p e r  250 ml.  The  
v a l u e s  a t  r e s t  w e r e  o b t a i n e d  5-10 m i n u t e s  a f t e r  i n s e r t i o n  of t h e  ca the t e r .  T h e n  
p a c i n g  w a s  s t a r t e d  a n d  t h e  r a t e  of i m p u l s e s  was  i n c r e a s e d  up  to t h e  a n g i n o s e  
t h r e s h o l d .  H o w e v e r ,  a h e a r t  r a t e  c o r r e s p o n d i n g  to 70 % of t he  m a x i m u m  a p p r o -  
p r i a t e  ae rob ic  w o r k i n g  c a p a c i t y  of t h e  i n d i v i d u a l  was  n e v e r  su rpassed .  S u b s e -  
q u e n t  s p e c i m e n s  w e r e  co l l ec ted  a t  t he  peak ,  i.e. d u r i n g  t he  3rd  to 6 th  m i n u t e  of 
pac ing .  

In  s p e c i m e n s  of a r t e r i a l  b lood  a n d  b lood  f r o m  t h e  c o r o n a r y  s inus  w h i c h  w e r e  
o b t a i n e d  b y  s i m u l t a n e o u s  suc t ion ,  l a c t a t e  a n d  p y r u v a t e  w e r e  e s t i m a t e d  by  t h e  
e n z y m a t i c  t e s t  of B o e h r i n g e r  Co., a m m o n i a  b y  t h e  t e s t  of H y l a n d  Co., u r ic  ac id  
a c c o r d i n g  to Ho'~ej~i (19), f r e e  f a t t y  ac ids  a c c o r d i n g  to Dole (10) a n d  t h e  a m i n o  
acid  s p e c t r u m  in  p l a s m a  on a n  a m i n o  ac id  a n a l y z e r  of B e c k m a n n  I n s t r u m e n t s  
( B e c k m a n n  119 A u t o m a t i c  A m i n o  Ac id  Ana lyse r ) .  S o d i u m  c i t r a t e  b u f f e r  w a s  
used.  F o r  each  of t h e s e  p a r a m e t e r s  t h e  a - c v  d i f f e r e n c e  d u r i n g  f low t h r o u g h  t he  
h e a r t  m u s c l e  w as  c a l c u l a t e d  a t  r e s t  a n d  d u r i n g  pacing.  

T h e  r e s u l t s  w e r e  p roces sed  b y  r o u t i n e  s t a t i s t i ca l  t e s t s  on  a d ig i t a l  c o m p u t e r  
M I N S K  22. 

Results  

T h e  f i r s t  f i g u r e  s h o w s  t h e  m e a n  a - c v  d i f f e r e n c e s  of  i n d i v i d u a l  f r e e  
a m i n o  a c i d s  i n  p l a s m a  of  t h e  i n v e s t i g a t e d  s u b j e c t s ,  a l w a y s  +_ 1 s t a n d a r d  
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Fig. 1. Mean a-cv difference of amino acids across the heart  muscle in micro:  
moles/litre. The first column indicates values at rest, the second one the posi- 
tion at the peak of pacing. The vert ical  lines indicate the standard error  of the 
mean. The amino acids are listed from the highest average positive to the great-  
est negative a-cv difference during pacing, o = significant at the 59/o level of 
significance. �9 = significant at the 1 %  level of significance. V = significant 
difference between value at rest and after stimulation (p < 0.05). CYS = cystin 
§ cystin. Dotted line indicates borderl ine between uptake and output during 

pacing. 

I n d i v i d u a l  amino  acids are  a r r a n g e d  accord ing  to the  resu l t s  ob ta ined  d u r -  
ing pacing,  f r o m  the  h ighes t  pos i t ive  to the  h ighes t  n e g a t i v e  d i f fe rence .  
A t  res t  on ly  one  a -cv  d i f f e r ence  is s ign i f i can t  at  the  1 %  level ,  i.e. the  po-  
s i t ive  d i f f e r e n c e  of aspar ta te .  The  o the r  s igni f icant  a - cv  d i f f e rences  d e v e -  
lop on ly  a f t e r  pac ing:  pos i t ive  for  g l u t a m a t e  and a spa r t a t e  at the  1 %  leve l  
and for  l euc ine  and i so leuc ine  at  the  5 % l eve l  of s ignif icance.  On the  o the r  
h a n d  a s ignif icant  ou tpu t  of amino  acids by the  h e a r t  muscle ,  i.e. a n e g a -  
t ive  a -cv  d i f f e r ence  deve lops  d u r i n g  s t i m u l a t i o n  in cys t i ne - cys t e ine  and 
a spa rag ine  w i t h  g lu t amine .  The  dec l ine  of a l an ine  in the  b lood f r o m  the  
c o r o n a r y  s inus  d u r i n g  s t i m u l a t i o n  is not  s ign i f i can t  w h e n  e x p r e s s e d  in ab-  
so lu te  va lues  bu t  s ign i f i can t  at  the  5 % leve l  w h e n  e x p r e s s e d  in pe r  cent  
of the  a r t e r i a l  level .  A l a n i n e  dec l ines  by  about  10 % (9.86 +__ 11.03 %). 

The  m e a n  a -cv  d i f f e r ence  of l ac ta t e  at res t  is + 0.087 _ 0.092 ~mol/1 
and d u r i n g  pac ing  0.127 ___ 0.191 mic romole s / l i t r e .  The  l a c t a t e - p y r u v a t e  ra-  
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tio at  res t  is 9.6 __ 2.4 in  a r t e r i a l  blood and  10.3 +_ 3.1 in  the co rona ry  sinus.  
At  the  peak  of pac ing  this  ra t io  in  a r t e r i a l  b lood is 10.9 + 3.1 and  in  the  
co rona ry  s inus  10.5 __ 4.5. The  a-cv d i f fe rence  of lac ta te  and  the  changes  
of the L : P  ra t io  across the m y o c a r d i u m  are  thus  no t  s ign i f i can t  in  the  
group as a whole.  

Tab le  1 con ta ins  cor re la t ion  coeff icients  b e t w e e n  a r t e r iovenous  diffe-  
rences  of all  amino  acids for  wh ich  a s ign i f i can t  u p t a k e  or ou t f low f rom 
the m y o c a r d i u m  was found  on pacing.  The  cor re la t ion  is ca lcu la ted  for 
d i f ferences  a t  res t  and  d u r i n g  s t i mu l a t i on  (n = 18). Cor re la t ions  wi th  a-cv  
d i f ferences  of lac ta te  and  wi th  the s u m  of a -cv  d i f fe rences  of a l a n i n e  and  
g l u t a m i n e  were  added  to these pa rame te r s .  In  the tab le  those cor re la t ion  
coeff icients  are m a r k e d  wh ich  are s ign i f i can t  at the  1 %  a nd  5 % level  of 
s ignif icance.  

The  a r t e r i a l  levels  of f ree f a t ty  acids in  the group  were  on average  
1492 _+ 428 micromoles  per  l i t re  a t  res t  a nd  1511 _+ 503 micromoles  per  l i t re  
d u r i n g  pac ing  and  are  thus  m a r k e d l y  elevated,  as compared  w i th  n o r m a l  
values .  F i g u r e  2 i l lus t ra tes  the nega t i ve  co r re l a t ion  b e t w e e n  a-cv d i f f e ren -  
ces of a m m o n i a  and  ura tes .  F r o m  this  co r re la t ion  it  can also be conc luded  
tha t  a m m o n i a  is fo rmed  by  the  m y o c a r d i u m  in  some ins tances  a t  res t  and  
in  p a r t i c u l a r  d u r i n g  pacing,  wh i l e  this  is p rac t i ca l ly  no t  the  case wi th  
ur ic  acid. The  a-cv d i f fe rence  of a m m o n i a  does no t  cor re la te  w i th  a ny  
o ther  inves t iga ted  pa rame te r .  
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Fig. 2, Relationship between a-ev differences of ammonia (x) and urates (y) 
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Discussion 

F o r  a n u m b e r  of y e a r s  p a r a m e t e r s  of the  c a r b o h y d r a t e  a n d  l ip id  m e t a -  
bo l i sm  s tood  in t he  f o r e g r o u n d  in i n v e s t i g a t i o n s  of t he  e n e r g y  m e t a b o l i s m .  
In  r e c e n t  y e a r s  i t  was  r e v e a l e d  t h a t  a l t h o u g h  f rom the  q u a n t i t a t i v e  aspec t  
in p a r t i c u l a r  t he  ro le  of a m i n o  ac ids  is no t  p r i m a r y ,  a m i n o  ac ids  do p l a y  
an  i m p o r t a n t  p a r t  in t he  i n t e r m e d i a r y  m e t a b o l i s m  (8) and  as  a s u b s t r a t e  
u n d e r  some  cond i t ions  (7). 

V a r i o u s  f i n d i n g s  w e r e  o b t a i n e d  in  p a r t i c u l a r  in  the  a r e a  of a m i n o  ac id  
m e t a b o l i s m  in s t r i a t e d  muscle .  In  t h e  f o r e g r o u n d  of these  f i n d i n g s  is in 
p a r t i c u l a r  Felig's  d i s c o v e r y  of  the  g l u c o s e - a l a n i n e  cycle,  i.e. a l a n i n e  p r o -  
duc t ion  in m u s c l e  a n d  i ts  u p t a k e  in t he  l i v e r  w h e r e  i t  becomes  the  sub -  
s t r a t e  for  g luconeogenes i s  (12, 13, 14). A l o n g  w i t h  a l a n i n e  also g l u t a m i n e  
(23) and  a s p a r a g i n e  a r e  re leased .  On the  o t h e r  hand ,  g l u t a m a t e  is t a k e n  
up  b y  the  s k e l e t a l  m u s c l e  (27). The  d i f f e r e n c e s  of t he  o t h e r  a m i n o  ac ids  
across  s k e l e t a l  m u s c l e  a r e  v a r i a b l e  w i t h  t he  e x c e p t i o n  of t he  b r a n c h e d  
a m i n o  acids,  i.e. leuc ine ,  i so leuc ine  and  v a l i n e  w h i c h  can  s e r v e  as a sub -  
s t r a t e  in  s k e l e t a l  musc l e  (8). 

T h e r e  is less k n o w l e d g e  a b o u t  the  a m i n o  ac id  m e t a b o l i s m  in t he  m y o -  
c a r d i u m .  The  r ea son  is m e t h o d i c a l  d i f f icu l t i es .  

A c c o r d i n g  to Carls ten  t h e r e  is no d e t e c t a b l e  u p t a k e  n o r  r e l e a se  of a n y  
a m i n o  ac id  e x c e p t  the  r e l ea se  of a l a n i n e  (9). M u d g e  e t a ] .  f o u n d  in h e a l t h y  
s u b j e c t s  and  in  p a t i e n t s  w i t h  c o r o n a r y  h e a r t  d i sease  (CHD) a n e g a t i v e  a -cv  
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Fig. 3. D iag ram of par t i c ipa t ion  of some amino acids in  the metabol ic  pa thways  
of the myocard ium;  4- rise, - decline, P-EP phosphoenol pyruvate .  
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d i f f e r e n c e  for  a l a n i n e  only ,  w h i c h  a t  r es t  w a s  g r e a t e r  in p a t i e n t s  w i t h  
CHD. A t  the  s a m e  t ime  these  a u t h o r s  f o u n d  a s ign i f i can t  g l u t a m a t e  u p t a k e  
b y  the  h e a r t  musc le ,  a g a i n  in sub j ec t s  w i t h  CHD as we l l  as in con t ro l s  
(24). 

During systole and diastole in the myocardium ATP is utilized and 
ADP is formed. Part of the ADP is transformed in the phosphohydrolase 
reaction to AMP. The decline in ATP content and rapid reutilization of 
inorganic phosphate activate AMP-deaminase which catalyzes the forma- 
tion of IMP from AMP (28). In this reaction ammonia is formed (I, 22), the 
production of which in the myocardium was repeatedly demonstrated. An- 
other portion of AMP is broken down to adenosine which has a vasodilat- 
ing action (I). 

Most of the adenosine is rephosphorylated back to AMP and also most 
of the IMP is transformed via adenyl succinate back to AMP (22). Only a 
minor portion of IMP and of adenosine is broken down to inosine. Uric 
acid is formed from inosine via hypoxanthine and xanthine. Our results 
provided evidence that while in skeletal muscle the ammonia and urate 
formation run parallel (5), practically no uric acid is produced in the myo- 
c a r d i u m .  This  is s u g g e s t e d  b y  a n e g a t i v e  c o r r e l a t i o n  b e t w e e n  u r a t e  a n d  
a m m o n i a ,  u r a t e  in some in s t ances  - c o n t r a r y  to u r i c  ac id  - b e i n g  r e l e a s e d  
f r o m  t h e  m y o c a r d i u m ,  d u r i n g  p a c i n g  in p a r t i c u l a r .  

W h i l e  the  a m m o n i a  f o r m e d  is r e l e a s e d  f rom the  m y o c a r d i u m  to a m i n o r  
ex ten t ,  mos t  of i t  is d e t o x i c a t e d  on the  spot .  A s m a l l  p o r t i o n  of t he  a m m o -  
n i a  in the  h e a r t  musc l e  can  be  t r a n s f o r m e d  into  u rea ,  the  f o r m a t i o n  of 
w h i c h  in  h e a r t  musc l e  was  p r e v i o u s l y  p r o v e d  (30). Mos t  of t he  a m m o n i a  is, 
h o w e v e r ,  d e t o x i c a t e d  b y  c o m b i n a t i o n s  w i t h  2 - o x o g l u t a r a t e  w h e r e b y  g l u t a -  
m a t e  is fo rmed ,  and  b y  c o m b i n a t i o n  w i t h  g l u t a m a t e  w h e r e b y  g l u t a m i n e  is 
f o r m e d  (20). G l u t a m a t e  p a r t i c i p a t e s  a t  t h e  s a m e  t i m e  in the  t r a n s a m i n a t i o n  
r e a c t i o n  w h e r e  i t  is t r a n s f o r m e d  back  to 2 - o x o g l u t a r a t e  and  p y r u v a t e  is 
t r a n s f o r m e d  at  t he  s a m e  t i m e  to a l a n i n e  (fig. 3). A l a n i n e  and  g l u t a m i n e  + 
a s p a r a g i n e  p r o d u c t i o n  runs  p a r a l l e l ;  t he  a - cv  d i f f e r e n c e s  of these  m e t a b o -  
l i tes  c o r r e l a t e  c lose ly  in  a pos i t i ve  w a y  (30) and  i n c r e a s e  m o r e o v e r  d u r i n g  
pac ing .  In  th is  case  also, a l a n i n e  f o r m a t i o n  f rom p y r u v a t e  m a y  be  cons id -  
e r e d  p a r t  of  Felig's cyc le  w h e r e  a l a n i n e  is t r a n s p o r t e d  f rom the  m y o c a r -  
d i u m  to t he  l i v e r  (12, 13, 14). 

P y r u v a t e  is f o r m e d  in the  m y o c a r d i u m  b y  g lyco lys i s  a n d  also f r o m  l ac -  
t a t e  which  u n d e r  a e r o b i c  cond i t i ons  is one  of  t h e  m a i n  s u b s t r a t e s  for  the  
m y o c a r d i u m  (25). D u r i n g  i s c h e m i a  the  sequence  of t he  r e a c t i o n  c a t a l y z e d  
b y  l a c t a t e  d e h y d r o g e n a s e  is r e v e r s e d  and  l a c t a t e  is f o r m e d  f r o m  p y r u v a t e  
and  is r e l e a s e d  f rom the  h e a r t  m u s c l e  (3, 16, 25). T h e r e f o r e  i t  m a y  be  as-  
s u m e d  t h a t  t he  g r e a t e r  the  t e n d e n c y  to t he  d e v e l o p m e n t  of  i schemia  o r  h y -  
p o x i a  in  t he  m y o c a r d i u m ,  t he  m o r e  l a c t a t e  and  less a l a n i n e  wi l l  be f o r m e d  
and  v ice  versa .  One  of t he  r ea sons  m a y  also be  t he  o b s e r v a t i o n  t h a t  a 
d rop  in p H  l e a d s  to a r e d u c t i o n  in t r a n s a m i n a s e  a c t i v i t y  (26). The  ex i s t ence  
of th is  r e l a t i o n s h i p  b e t w e e n  l a c t a t e  a n d  a l a n i n e  is c o n f i r m e d  b y  the  h i g h l y  
s ign i f i can t  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  the  a - cv  d i f f e r e n c e  of a l a n i n e  and  
lac ta te .  The  dec l ine  of a l a n i n e  f o r m a t i o n  w i t h  a p a r a l l e l  r i se  of l a c t a t e  
f o r m a t i o n  m a y  sugges t  the  p r e s e n c e  of  m y o c a r d i a l  i schemia .  S i m i l a r l y ,  a 
dec l ine  of the  a - cv  d i f f e r e n c e  of g l u t a m i n e  m a y  se rve  as an  i n d i c a t o r  of 
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i schemia ;  i t  is a lso a c c o m p a n i e d  b y  a r i se  of l a c t a t e  f o r m a t i o n  in t he  h e a r t  
musc le .  A l a n i n e  and  g l u t a m i n e  f o r m a t i o n  a r e  c lose ly  a s soc i a t ed  a n d  thus  
even  a n e g a t i v e  c o r r e l a t i o n  of t he  a - cv  d i f f e r e nc e  of t he  s u m  of these  two  
a m i n o  ac ids  w i t h  a - cv  d i f f e r ences  of l a c t a t e  is of i m p o r t a n c e .  

The  i n c r e a s e d  f a t t y  ac id  s u p p l y  in  ou r  i n v e s t i g a t i o n  (17) l e a d s  to e n h a n c e d  
f a t t y  ac id  o x i d a t i o n  a n d  i n h i b i t s  a t  t he  s a m e  t ime  the  d e c a r b o x y l a t i o n  
s y s t e m  of p y r u v a t e  (fig. 3). The  e n h a n c e d  ace ty l  c o e n z y m e  A p r o d u c t i o n  
l eads  to a de f i c i ency  of c o e n z y m e  A for  t he  f o r m a t i o n  of s u c c i n y l  CoA 
w h i c h  m a y  l ead  to a b lock  of the  t r i c a r b o x y l i c  ac id  cycle  a t  t he  l eve l  of 
2 - o x o g l u t a r a t e .  Via  t he  t r a n s a m i n a t i o n  reac t ion ,  howeve r ,  2 - o x o g l u t a r a t e  
is l i n k e d  w i t h  o x a l a c e t a t e  w h e r e b y  a t  the  s a m e  t ime  a s p a r t a t e  is used  a n d  
g l u t a m a t e  is f o r m e d  (29). 

The  a s p a r t a t e  c o n s u m p t i o n  in  ou r  i n v e s t i g a t i o n  is also t y p i c a l  - i t  is 
h i g h l y  s i gn i f i c an t  a t  r e s t  as we l l  as d u r i n g  pac ing  w h e r e  i t  i nc r ea se s  s ig-  
n i f i can t ly .  W h i l e  t h e  abso lu t e  a s p a r t a t e  c o n s u m p t i o n  is r e l a t i v e l y  smal l ,  
t h e  r i s e  of the  a - cv  d i f f e r en c e  of a s p a r t a t e  e x p r e s s e d  in p e r  cen t  of t he  
a r t e r i a l  l eve l  is c o n s i d e r a b l e  (at  r es t  a b o u t  20 and  a f t e r  s t i m u l a t i o n  a lmos t  
50 % !). A l t h o u g h  the  a -cv  d i f f e r e nc e  of a s p a r t a t e  is s i g n i f i c a n t l y  pos i t ive ,  
s i m i l a r  to t h e  a - cv  d i f f e r ences  of leuc ine ,  i so l euc ine  or  g l u t a m a t e ,  i t  does  
no t  c o r r e l a t e  s i g n i f i c a n t l y  w i t h  a n y  of t he se  amino  ac ids  (which  o t h e r w i s e  
c o r r e l a t e  v e r y  closely) ,  a n d  i t  m a y  t hus  be  c o n c l u d e d  t ha t  i t  is qu i t e  i n d e -  
p e n d e n t  r e g a r d i n g  the  f u n c t i o n a l  aspect .  The  p r o d u c t  of t he  t r a n s a m i n a -  
t i on  r e a c t i o n  in wh ich  a s p a r t a t e  is c o n s u m e d  is g l u t a m a t e  which  is also 
f o r m e d  a t  the  s a m e  t i m e  b y  d i r ec t  a m i n a t i o n  f r o m  o x o g l u t a r a t e .  Desp i t e  
this ,  g l u t a m a t e  is no t  p r o d u c e d ,  b u t  c o n s u m e d  (it has  a s i g n i f i c a n t l y  pos i -  
t i ve  a - cv  d i f f e r ence  a f t e r  pac ing) .  This  is due  to the  b i n d i n g  of a m m o n i a  
a n d  the  p a r t i c i p a t i o n  in  a n o t h e r  t r a n s a m i n a t i o n  w h e r e  a l a n i n e  is f o r m e d  
f rom p y r u v a t e .  The  p y r u v a t e  c o n s u m p t i o n  e l i m i n a t e s  at  the  s a m e  t ime  i ts  
c u m u l a t i o n  w h i c h  cou ld  occur  d u r i n g  p a r t i a l  b lock  of d e c a r b o x y l a t i o n  
d u r i n g  p r e f e r e n t i a l  f a t t y  ac id  o x i d a t i o n  (29). 

The  s i g n i f i c a n t l y  pos i t i ve  a -cv  d i f f e r e nc e  of l e uc ine  a n d  i so leuc ine  
w h i c h  a r e  a s soc ia t ed  w i t h  an  i n s i g n i f i c a n t l y  pos i t i ve  d i f f e r e nc e  in  v a l i n e  
sugges t  t he  r e t e n t i o n  of b r a n c h e d  a m i n o  ac ids  in t he  m y o c a r d i u m .  W e  
k n o w  t h a t  t he se  a m i n o  ac ids  m a y  s e r v e  as a s u b s t r a t e  in  m u s c l e  (8), t h a t  
t h e i r  e n t r y  in to  musc l e  is r e g u l a t e d  b y  insu l in  and  g l u c a g o n  and  t h a t  the  
i so l a t ed  i n t a k e  of t he se  a m i n o  ac ids  can  e l i m i n a t e  a n e g a t i v e  n i t r o g e n  ba l -  
ance  d u r i n g  f a s t i ng  (8). T h e r e f o r e  an  e v e r  i n c r e a s i n g  t h e o r e t i c a l  and  c l in i -  
cal  i m p o r t a n c e  is a s c r i b e d  to t h e m  (7). In  o u r  op ino in  t he  f i nd ing  of t he  
o u t p u t  b y  the  h e a r t  musc l e  of t he  r e d o x  p a i r  c y s t i n e - c y s t e i n e  is v e r y  i m -  
p o r t a n t .  I t  was  p r o v e d  t h a t  the  l eve l  of th is  a m i n o  ac id  dec l ines  a f t e r  i n s u -  
l in  a n d  r i ses  s ign i f i can t ly  a f t e r  g l u c a g o n  a d m i n i s t r a t i o n  (6). In  the  r e -  
sponse  to t hese  r e g u l a t o r y  h o r m o n e s  c y s t i n e - c y s t e i n e  is t h e  o n l y  a m i n o  
ac id  wh ich  d i s p l a y s  such a de f i ne d  r e v e r s e  b e h a v i o u r  (6).. I t  c a n n o t  be  r u l e d  
out  t h a t  t he  o u t p u t  of c y s t i n e - c y s t e i n e  b y  the  h e a r t  musc l e  wh ich  r ises  
a n d  is s i gn i f i c an t  d u r i n g  s t i m u l a t i o n  is a s soc ia t ed  w i t h  the  r i se  of the  se-  
r u m  g l u c a g o n  l eve l  d u r i n g  s t ress  (2). 

F r e e  p l a s m a  a m i n o  ac ids  a r e  no t  p a r a m e t e r s  of t he  m y o c a r d i a l  m e t a -  
bo l i sm  w h i c h  a r e  i n v e s t i g a t e d  rou t i ne ly .  I t  was ,  h o w e v e r ,  r e v e a l e d  t h a t  
the  i m p o r t a n c e  at  l e a s t  in some a m i n o  ac ids  or  g r o u p s  of the  l a t t e r  wi l l  
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n o t  b e  p u r e l y  t h e o r e t i c a l  a n d  m a y  b e  a d i a g n o s t i c  c o n t r i b u t i o n .  A n  e x a m -  
p l e  is t h e  i n v e r s e  r e l a t i o n  b e t w e e n  a - c v  d i f f e r e n c e s  of  a l a n i n e ,  g l u t a m i n e  
a n d  t h e  s u m  of  a l a n i n e  a n d  g l u t a m i n e  o n  t h e  o n e  h a n d  a n d  t h e  a - c v  
d i f f e r e n c e s  of  l a c t a t e  o n  t h e  o t h e r  h a n d  w h i c h  m a y  c o n t r i b u t e  to  t h e  d i a g -  
n o s i s  of  m y o c a r d i a l  i s c h e m i a .  

Z u s a m m e n f a s s u n g  

Die  A u t o r e n  u n t e r s u c h t e n  bei  9 P a t i e n t e n  m i t  i s ch f imisehen  H e r z l e i d e n  die 
a r t e r i o - k o r o n a r v e n S s e  D i f f e r enz  v o n  f r e i e n  F e t t s ~ u r e n  i m  S e r u m  u n t e r  R u h e -  
b e d i n g u n g e n  u n d  w ~ h r e n d  k i i n s t l i c h e m  S c h r i t t m a c h e r a n t r i e b .  Bei  k S r p e r l i c h e r  
R u h e  w a r  A s p a r t a t  die e inz ige  Aminos~iure  m i t  e i n e r  a u s g e s p r o c h e n e n  p o s i t i v e n  
a r t e r i o - k o r o n a r v e n S s e n  Dif ferenz .  A u f  d e m  H S h e p u n k t  des  S c h r i t t m a c h e r a n -  
t r i e b s  w a r  zus~ tz l i ch  z u m  A s p a r t a t  e ine  pos i t i ve  a r t e r i o v e n 6 s e  D i f f e r e n z  f i i r  
G l u t a m a t ,  L e u c i n  u n d  I so l euc in  u n d  e ine  s i g n i f i k a n t  n e g a t i v e  D i f f e r enz  f i i r  
C y s t i n - C y s t e i n  u n d  G l u t a m i n  z u s a m m e n  m i t  A s p a r a g i n  zu v e r z e i c h n e n .  A u s -  
ged r i i ck t  als  P r o z e n t s a t z  des  a r t e r i e l l e n  Spiege ls  w a r  die  n e g a t i v e  D i f f e r enz  
a u c h  be i  A l a n i n  s ign i f ikan t .  Bei  w e c h s e l s e i t i g e r  K o r r e l a t i o n  d e r  a r t e r i o v e n S s e n  
D i f f e r e n z e n  w a r  die n e g a t i v e  B e z i e h u n g  z w i s c h e n  A l a n i n  u n d  L a c t a t  a m  e in -  
deu t ig s t en ,  w as  da f i i r  spr ich t ,  d ab  u n t e r  n o r m a l e n  B e d i n g u n g e n  P y r u v a t  e h e r  
zu  A l a n i n  u m g e f o r m t  wird ,  w~ihrend  im Z u s t a n d  d e r  Isch~imie L a c t a t  au s  P y r u -  
v a t  geb i l de t  u n d  v o m  H e r z m u s k e l  f r e igese t z t  wi rd .  A u c h  e r g i b t  s ich  e ine  pos i -  
t i v e  K o r r e l a t i o n  z w i s c h e n  A l a n i n  u n d  G l u t a m a t  u n d  z w i s c h e n  Leuc in ,  I so l eu -  
c in  u n d  G l u t a m a t .  A n d e r e r s e i t s  k o r r e l i e r t  C y s t i n - C y s t e i n  h o c h  s ign i f i kan t ,  a b e r  
i n v e r s  m i t  Leuc in ,  I so l euc in  u n d  G l u t a m a t .  

Die  a r t e r i o - k o r o n a r v e n 6 s e  D i f f e r e n z  yon  A s p a r t a t ,  o b w o h l  s i g n i f i k a n t  pos i -  
t iv,  k o r r e l i e r t  n i ch t  m i t  i r g e n d e i n e r  a n d e r e n  Aminos~iure .  Die  a r t e r i o v e n S s e n  
D i f f e r e n z e n  yon  A m m o n i a k  u n d  H a r n s ~ u r e  k o r r e l i e r e n  inve r s ,  wobe i  H a r n s ~ u r e  
im G e g e n s a t z  zu A m m o n i a k  p r a k t i s c h  n i c h t  aus  d e m  H e r z m u s k e l  f r e igese t z t  
wi rd .  
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