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After  i n t r a m u s c u l a r  inject ion of noradrena l in  (2.5 mg/kg)  into rabbi t s  and e lec t r i ca l  s t imu la -  
tion of the aor t i c  a r c h  s i m i l a r  d i s tu rbances  of m e t a b o l i s m  a r e  found in the myocard ia l  t i s sue :  
uncoupling of oxidat ive phosphoryla t ion ,  accumula t ion  of lact ic  acid,  a d e c r e a s e  in the c r e a -  
fine phosphate level ,  and an i nc r ea s e  in the inorganic  phosphorus;  the ATP concentra t ion also 
fal ls .  It is postulated that  an impor tan t  ro le  in the m e c h a n i s m  of these  d i s tu rbances  is played 
by the def ic iency of endogenous noradrena l in  developing in both cases .  

Catecholamines  play an act ive  ro le  in the regula t ion of  m e t a b o l i s m  in the m y o c a r d i u m  [1, 3, 4]. Ex- 
p e r i m e n t s  in the w r i t e r s '  l abo ra to ry  have shown that  a f t e r  i n t r amuscu l a r  and in t raper i tonea l  injection of 
toxic doses  of ca techo lamines ,  jus t  as a f t e r  ex t r eme  s t imula t ion ,  the ba lance  of the endogenous ca techo l -  
amines  in the t i s sues  of the in ternal  o rgans  is  d is turbed [1, 5]. A def ic iency of sympathe t ic  med ia to r  in the  
ce l l s  m a y  be one of the mos t  impor tan t  causes  of development  of degenera t ive  changes of  both neurogenic  
and "ca techo lamine"  or igin.  

To analyze the changes leading in both cases  to the development  of  s i m i l a r  morphologica l  les ions  some 
indices of m e t a b o l i s m  were  studied and com p ared  in the ea r ly  s tages  of  development  of these  degenera t ive  
condit ions.  

EXPERIMENTAL METHOD 

Male rabbi t s  weighing 2.4-3 kg were  used.  Noradrena l in  was injected i n t r amuscu l a r l y  into the an imals  
of one group in a dose  of 2.5 m g / kg .  These  an imals  we re  kil led 3 h l a te r  and the hea r t  r emoved  for examina -  
tion. In the an imals  of  a second group the aor t i c  ref lexogenic  zone was s t imula ted  through a meta l  e lec t rode  
implanted prev ious ly .  Square pulses  of a l t e rna t ing  cu r r en t  (50 Ez, 5-7 V, 1 msec)  were  applied for  3 h. The 
h e a r t  t i s sue  was taken for  examinat ion immed ia t e ly  a f t e r  the end of s t imulat ion.  Intact rabbi t s  acted as the 
control .  The mi toehondr ia  w e r e  isola ted f r o m  the hea r t  musc l e  [7] and oxidative phosphoryla t ion was d e t e r -  
mined by a m a n o m e t r i c  method in W a r b u r g ' s  appara tus .  A T P  [2], c rea t ine  phosphate [6], and lact ic  acid 
(by Ba rke r  and S u m m e r s o n ' s  method) a lso  were  de te rmined .  

EXPERIMENTAL R E S U L T S  

After injection of noradrenaline oxidative phosphorylation was disturbed in the mitochondria of the 
heart muscle: the oxygen consumption fell by 41%, esterifieation of phosphorus fell by 63%, and as a result 
the P/O ratio fell from 2.3 in the control to 1.4 in the experimental series (P < 0.05). 

In response to stimulation of the aortic arch the P/O ratio in the myocardial mitochondria also fell. 
The oxygen consumption'in the experimental animals differed only a little from the control but the phos- 
phorus transfer fell by 34%. The P/O ratio in the experimental animals was reduced by 35% (Fig. I). The 
lactic acid concentration in the heart increased under these experimental conditions: by 70% after injection 
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Fig.  1. Oxidative phosphoryla t ion  in mi tochondr ia  of rabbi t  hea r t  musc l e :  
I) intact  an imals ;  II) a f te r  e l ec t r i ca l  s t imulat ion of the aor t i c  a r ch  for  3 h; 
III) 3 h a f t e r  injection of noradrena l in  (2.5 m g / k g ,  in t ramuscu la r ly ) .  AP) 
Phosphorus  t r a n s f e r  ~n p g - a t o m s / m g  protein);  AO2) oxygen consumption 
(in p g - a t o m s / m g  protein);  shaded columns r e p r e s e n t  P /O  rat io .  Limi ts  of  
va r i a t ions  in p a r a m e t e r s  a r e  shown. 

Fig, 2. Concentra t ion (in mg  %) of c rea t ine  phosphate (A) and inorganic 
phosphorus  (B) in rabb i t  m y o c a r d i u m :  1) intact  an imals ;  2) 3 h a f t e r  in-  
ject ion of noradrena l in  (2.5 m g / k g ,  in t ramuscu la r ly ) ;  3) immed ia t e ly  a f t e r  
e l ec t r i ca l  s t imulat ion of aor t i c  a r ch  for  3 h. L imi ts  of va r ia t ions  i n p a r a m -  
e t e r s  shown. 

of noradrena l in  and by 40% af te r  e x t r e m e  s t imulat ion.  An i n c r e a s e  in the lact ic  acid concentra t ion in the 
myoca rd i a l  t i s sue  is an indication of the p redominance  of anaerobic  over  ae rob ic  g lycolys is .  The uncoup-  
l ing of  oxidative phosphoryla t ion  and the accumula t ion  of lact ic  acid a r e  thus evidence o f m a r k e d d i s t u r b a n c e s  
of oxidation in the m y o c a r d i n m  whether  in r e sponse  to the act ion of toxic doses  of noradrena l in  or  s t i m u l a -  
t ion of the aor t ic  a rch .  

Since these  d i s tu rbances  could affect  the product ion of h igh -ene rgy  compounds exper imen t s  were  c a r -  
r i ed  out to d e t e r m i n e  the e r ea t i ne  phosphate  and A T P  content.  

In all the expe r imen ta l  an ima l s  the concent ra t ions  of c rea t ine  phosphate and A T P  were  reduced.  The 
c rea t ine  phosphate  concentra t ion  was  reduced by 5 t imes  a f t e r  injection of noradrena l in  and this was a c c o m -  
panied by an a lmo s t  twofold i nc r ea s e  in the inorganic  phosphorus  content (Fig. 2). Similar  changes were  
obse rved  a f t e r  e l ec t r i ca l  s t imula t ion  of  the aor t i c  a r c h  for  3 h. The A T P  content  in the hea r t  musc l e  t i s sue  
a lso  fel l ,  but by a l e s s e r  degree :  whereas  the A T P  content in the control  was 1.6 (1.4-1.8) p m o l e / g  wet 
t i s sue ,  under  the influence of exogenous noradrena l in  it fell to 1.2 (0.9-1.5) p m o l e / g ,  while a f t e r  re f lex  
s t imulat ion it fell  to 1.13 (0.8-1.43) p m o l e / g .  

These  obse rva t ions  thus show that  exogenous noradrena l in ,  in doses  inducing des t ruc t ive  changes in 
the t i s s u e s ,  d i s turb  ene rgy  fo rma t ion  in the hea r t  musc le .  Compar i son  of the b iochemica l  changes induced 
by no rad rena l in  with the d i s tu rbances  a r i s ing  during the f i r s t  few hours  of development  of  neurogenic  d e -  
genera t ion r evea led  cons iderab le  s imi l a r i t y ,  tn both ca se s  uncoupling of oxidat ive phosphoryla t ion ,  a c c u m u -  
lat ion of lact ic  acid,  and a d e c r e a s e  in the content of h igh-energy  compounds were  observed .  Meanwhile,  
as was ment ioned above,  in the an imals  of  both groups  the t i s sue  noradrena l in  r e s e r v e s  we re  sharp ly  r e -  
duced. The poss ib i l i ty  cannot be ruled out that  this def ic iency of the noradrena l in  med ia to r  plays an i m -  
por tan t  ro le  in the m e c h a n i s m  of deve lopment  of b iochemical  changes leading u l t imate ly  to a d i s tu rbance  
of the s t ruc tu ra l  in tegr i ty  of the t i s sues .  
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