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Changes in the rheologic  p rope r t i e s  of the blood were  induced in rabb i t s  by in t ravenous  in jec-  
tion of h igh -molecu l a r -we igh t  dex t ran  and of l y s i n e - v a s o p r e s s i n .  The ra t e  of uptake of oxy-  
gen by the mi tochondr ia  of the hear t  during oxidation of 2.5-10 m m o l e s  succinate  was 90-120% 
g r e a t e r  than in the control .  The degree  of s t imulat ion of r e s p i r a t i o n  by ADP was reduced  by 
1.5-2 times. The simultaneous administration of sueeinate with glutamic acid during disturb- 
ance of the microcirculation restored the normal levels of respiration and phosphorylation. 
The development of inhibition of suceinate dehydrogenase (SD) by oxaloacetic acid is postu- 
lated. Switching respiration to succinic acid and limitation of SD activity can be regarded 
as adaptive factors to changes in the theologic properties of the blood, aimed at maintaining 
cardiac activity, a view supported by the absence of changes in ATPase activity and in the 
myosin content in the heart. 

Key words:  m ic roc i r cu l a t i on  and its d i s tu rbance ;  mi tochondr ia  of the rabb i t  hear t ;  oxidative 
phosphoryla t ion;  ATPase ;  succinate  dehydrogenase .  

The w r i t e r s  showed p rev ious ly  [6, 8] that  d i s tu rbances  of the mie roc i r cu l a t i on  by a change in the 
theologic  p r o p e r t i e s  of the blood lowered the ATP concentra t ion  in the hear t  t issue but had no ef fec t  on the 
level  of g lyco lys i s  in it. Under these conditions a dec r ea se  in oxidative phosphorylat ion was found in the 
mi tochondr ia  of the hear t  during uti l ization of NAD-dependent  s u b s t r a t e s  and in the act ivi ty  of ce r t a in  en-  
zymes  of the Krebs  cycle [9]. The ECG showed c h a r a c t e r i s t i c  findings of hypoxia (sinus b radyca rd ia ,  
a r r h y t h m i a ,  en l a rgemen t  of the T wave) [7]. 

In t h i s  invest igat ion r e s p i r a t i o n  and oxidative phosphoryla t ion in the mi tochondr ia  of the hear t  were  
studied by the use of succinate  as the oxidation subs t r a t e ,  for in ce r t a in  s ta tes  requ i r ing  inc reased  energy  
product ion there  is a shift  in the oxidation s y s t e m  [2, 13] to the p re fe ren t i a l  fo rmat ion  and use of succinic 
acid.  The poss ib i l i ty  of control l ing succinate dehydrogenase  (SD) act ivi ty  by oxaloacet ic  acid also was 
examined and the ATPase  act ivi ty  of myosin ,  as an indicator  of the cont rac t i le  act ivi ty  of the myocarcl ium, 
was studied during a disturba~-ee of the mic roc i rcu la t ion .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were c a r r i e d  out on a model reproducing  changes in the theologic  p rope r t i e s  of the 
blood by int ravenous injection of h igh -molecu la r -we igh t  dext ran  (tool. wt. 500,000) in a dose of 1 g/kg body 
weight and of l y s i n e - v a s o p r e s s i n  in a dose of 5 p r e s s o r  units/kg. The an imals  used were  34 Chinchilla 
rabb i t s .  Before  and a f t e r  injection of the subs tances  the ECG of all the an imals  was r eco rded  for 1 h. The 
hear t  was per fused  with i ce -co ld  0.15 M KC1 solution. The mi tochondr ia  were  isola ted by different ia l  cen-  
t r i fugation in 0.25 M suc rose  with 0.01 M EDTA, pH 7.4. Oxidative phosphoryla t ion  was m e a s u r e d  by a po- 
l a rograph ic  method,  using a s t a t ionary  pla t inum e lec t rode .  The composi t ion of the incubation med ium was 
0.03 M K2HPO4, 0.05 M KCI, 0.12 M s u c r o s e ,  and 0.24 #M ADP. The prote in  content of the sample  was 
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1.5-3 rag. P ro te in  was de t e rmined  by L o w r y ' s  method [11, 12]. Sodium succinate (2.5, 5, or 10 mM) with 
rotenone (4 ~M) and g lu tamic  acid (5 or  10 raM) was used as the subs t ra te .  The c h a r a c t e r i s t i c s  of  the m e -  
tabolic s ta te  of the mi tochondr ia  co r responded  to those given in the l i t e r a tu re :  endogenous r e sp i r a t i on  of 
the mi tochondr ia  (V1), r a t e  of uptake of oxygen in the p resence  of exogenous subs t ra te  (V2), ra te  of r e s p i r a -  
tion in the ac t ive ly  phosphoryla t ing s ta te  in the p re sence  of  subs t ra t e  and ADP (V3) , and ra t e  of r e sp i r a t i on  
in the control led s ta te  a f te r  exhaust ion of the added ADP (V4). The ra t io  V3/V 4 e x p r e s s e s  the degree  of r e s -  
p i r a to ry  control  (RC) and r e f l ec t s  the degree  of phosphoryla t ion [14]. 

Myosin was i so la ted  and its ATPase  act ivi ty  de te rmined  f r o m  the inc rease  in inorganic phosphorus  
during incubation (37~ 10 min) [11]. The numer i ca l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys is  [5]. 

E X P E R I M E N T A L  R E S U L T S  

The ra t e  of endogenous r e s p i r a t i o n  in the mi tochondr ia  obtained f rom the hear t  1 h af ter  intravenous 
injection of h igh -molecu l a r -we igh t  dex t ran  and v a s o p r e s s i n  was 18.5% below no rma l  (Table 1). The ra t e  
of oxygen uptake on the addition of 10, 5, and 2.5 mM succinate  was inc reased  by 120, 30, and 96% r e s p e c -  
t ively (Table 1). This high level  of r e s p i r a t i o n  was evidently connected both with the inc rease  in the suc-  
cinate concentra t ion and with an i nc rea se  in SD act ivi ty .  Both these fac to r s ,  as previous  invest igat ions  
[2, 4, 13] showed, a re  cons iderab ly  enhanced under the conditions of hypoxia that developed in these ex -  
p e r i m e n t s  in assoc ia t ion  with a change in the rheologic  p r o p e r t i e s  of the blood and d is turbance  of the m i c r o -  
c i rcu la t ion  [6, 7]. 

However ,  despi te  the high level  of r e s p i r a t i o n  of the mi tochondr ia  with succinate ,  the degree  of s t i m -  
ulation of r e s p i r a t i o n  by ADP in a succinate  concentra t ion  of 2.5-10 mM was 35-45~ below norma l  (Table 1). 
RC also fell cor respondingly .  The r e s u l t s  sugges t  that oxaloacet ic  acid has an inhibi tory action on SDH 
act ivi ty  [1, 2, 10]. 

To ver i fy  the r e s u l t s  and to evaluate  them quanti tat ively a s e r i e s  of expe r imen t s  was c a r r i e d  out to 
de t e rmine  the r a t e  of oxygen uptake on the addition of g lu tamate  to the succinate .  Glutamate abol ishes  the 
inhibi tory act ion of oxaloacet ic  acid of SD and par t i c ipa tes  in succinic  acid format ion .  Under normal  con-  
ditions the addition of g lu tamic  acid (5-10 raM) to the succinate  (5-10 raM) did not affect  the r a t e  of oxygen 
uptake by the mi tochondr ia  of the hear t  e i ther  in s tate  V 2 (Tables 1 and 2) or  in the ac t ive ly  phosphorylat ing 
s ta te  V 3 (Tables  1 and 2). With a change in the rheologic  p r o p e r t i e s  of the blood and a consequent  d i s tu rb -  
ance of the mic roc i rcu ta t ion ,  the addition of g lu tamic  acid led to an inc rease  in the r a t e  of oxygen uptake in 
the V 2 s ta te  by 38.5 and 36.3~c when 10 and 5 mM succinate  r e spec t i ve ly  were  used as the oxidation sub-  
s t r a t e  (Table 2). The s t imulant  effect  of ADP inc reased  under these conditions ( re la t ive  to the ra te  of oxy-  
gen uptake with succinate  alone) up to no rm a l  l imi ts  with all succinate  concentra t ions  used (Table 2). RC 
also was inc reased .  Addition of 10 mM malonate ,  inhibiting SD, comple te ly  inhibited oxidation of the sub-  
s t r a t e .  

De te rmina t ion  of the ATPase  act ivi ty  of the myos in  isola ted f rom the hear t  a f te r  admin is t ra t ion  of 
v a s o p r e s s i n  and dext ran  caused no deviat ion f rom the no rma l  level  whether act ivated by Ca ++ {from 1 to 
10 mM) or  by M.g ++.  

The r e su l t s  showed that a b r i e f  (1 h) d is turbance of the mic roc i r cu la t ion  through a change in the t h e o -  
logic p r o p e r t i e s  of the blood leads to i nc reased  uti l ization of succinate .  The change to oxidation p r e d o m -  
inantly of succinate  may  provide the metabol ic  bas i s  for r e p a i r  p r o c e s s e s  by maintaining card iac  act ivi ty.  
This conclusion is conf i rmed  by the unchanged level  of the ATPase  act ivi ty of the myosin .  The dec r ea se  
in the s t imulant  act ion of ADP on mitochondr ia l  r e s p i r a t i o n  d i scovered  during a d is turbance of the r h e o -  
logic p r o p e r t i e s  of the blood and the change of this ef fec t  into inhibitory a re  evidence of the inhibition of 
SD act ivi ty  by oxaloacet ic  acid.  This inhibition by oxaloacet ic  acid is r ega rded  [1, 2, 3, 10] as a factor  con-  
t rol l ing the r e s p i r a t i o n  ra t e  in the p re sence  of an energy  deficiency in the mi tochondr ia l  r e s p i r a t o r y  chain. 

During a shor t  d is turbance  of the mic roc i r cu la t ion  in the mi tochondr ia  of the hear t  adaptive p r o c e s s e s  
thus a r i s e  and a re  mani fes ted  as a switch of r e sp i r a t i on  f rom NAD-dependent subs t r a t e s  to the FAD-de -  
pendent subs t ra t e  succinie  acid,  as "pro tec t ive"  inhibition of SD act ivi ty ,  and as abil i ty to synthesize  suc-  
cinate f r o m  glu tamate .  
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