
in the synaptosomes only a passive t ransport  system has been found [4, 11]. If the supply of glutamine to the 
synaptosomes is in fact not controlled by the Na + concentration in the external medium, the importance of 
other factors in the control of t ransport  may be increased. In part icular,  some action of the combined addition 
of Ca ++ and GABA to the medium on the glutamine supply is possible. 
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A C T I O N  OF A C U T E  C A R D I A C  I S C H E M I A  ON A C T I V I T Y  

OF T H E  P R O T E I N - S Y N T H E S I Z I N G  S Y S T E M  OF T H E  I N N E R  

M I T O C H O N D R I A L  M E M B R A N E S  OF THE M Y O C A R D I U M  

L .  A. K o p t e v a ,  L .  I .  Z h e v a l y u k o v a ,  UDC 616.12-005o4-036.11-07:616, 
a nd  V. I .  B i r y u z o v a  127-008.939.6-074 

Acute cardiac ischemia caused by ligation of the descending branch of the left coronary ar tery  
leads to a sharp increase in the activity of the protein-synthesizing system of the inner mito- 
chondrial membranes of the myocardium throughout the period of organization of the experi-  
mental infarct, as reflected in an increase in the synthesis of protein and RNA in the mito- 
chondria. During development of the infarct considerable changes are observed in the ul t ra-  
structure of the inner mitochondrial membranes of the myocardium, the degree of which is 
directly dependent on the stage of development of the pathological process .  

KEY WORDS: mitochondria of the heart; ischemia; protein and RNA synthesis; ul t ras t ructure .  

The wri ters  showed previously that necrotic lesions of the heart  have a marked effect on the activity of 
protein and RNA synthesis in the inner membranes of the mitochondria of the undamaged parts of the myo- 
cardittm [2-4]. However, the question arose whether these results  ref lect  a t rue effect of ischemia or whether 
they may be in part  the resul t  of the effect of the sympathomimetic drug isoproterenol, which was used to 
create  the necrotic loci in the myocardinm. 

In the present  investigation classical ischemia of the myocardium caused by ligation of the descending 
branch of the left coronary ar tery  was used as the experimental model. 

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

Male Wistar ra ts  weighing 250-280 g were used. Since the development of the experimental myocardial 
infarct in the animals continued for about three  weeks, and since the typical picture of proliferation of con- 

Institute of General Pathology and Pathophysiology, Academy of Medical Sciences of the USSR, Moscow. 
(Presented by Academician of the Academy of Medical Sciences of the USSR A. N. Chernukh.) Translated from 
Byulleten' l~ksperimental'noi Biologii i Meditsiny, Vol. 86, No. 9, pp. 295-297, September, 1978. Original 
ar t icle  submitted March 2, 1978. 
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Fig.  1. P ro t e in  synthes is  in ine r t  mi tochondr ia l  m e m b r a n e s  at dif ferent  s tages  of develop-  
men t  of expe r imen ta l  infarct .  Absc i ssa ,  t i m e  of invest igat ion (in daysS; ordinate,  changes,  
in %5. 15 Inner  m e m b r a n e s  with mat r ix ;  2) Inner  m e m b r a n e s  without mat r ix ;  35 Number  
of des t royed  mi tochondr ia  in t i s sue  p repa ra t ions  (in %5. 

Fig .  2. RNA synthes is  in inner  mi tochondr ia l  m e m b r a n e s  of myoca rd ium.  Absc i ssa ,  t ime  
of invest igat ion (in days);  ordinate ,  specif ic  radioac t iv i ty ,  in c p m / m g  RNA (× 1035. 

nect ive  t i s sue  is  found a f te r  the 30th day in the reg ion  of the organizing infarc t  [1, 6], the  t i m e s  chosen for  
the invest igat ion (3rd, 7th, and 30th days) lay  within the stage of organizat ion of the infarc t .  

On the 3rd and 30th days  e l ec t roca rd iog raphy  was c a r r i e d  out on the an imals .  At the t imes  of tes t ing  
the an ima l s  w e r e  decapi ta ted,  the  hea r t  was r emoved ,  and the necro t ic  a r e a  not to be used in the exper imen t s  
was excised .  The  mi tochondr ia  and t he i r  inner  m e m b r a n e s  were  i so la ted  as  desc r ibed  prev ious ly  [4, 6]. The 
pur i ty  of the  p r epa ra t i ons  was ve r i f i ed  e l e c t r o n - m i c r o s c o p i c a l l y .  The  r a t e  of uptake of rad ioac t ive  label into 
p ro te ins  and RNA in the mi tochondr ia l  m e m b r a n e  was de te rmined  in v i t ro .  Chlore l la  pro te in  hydrolyzate-14C 
with specif ic  rad ioac t iv i ty  of 1000 m C i ~ m m o l e  was  incorpora ted  into the pro te ins  of the mitochondrial  m e m -  
b r anes ,  and the final pro te in  concentra t ion in the sample  was 4-6 rag.  

RNA synthes is  in the  mi tochondr ia l  m e m b r a n e s  was judged f r o m  the incorpora t ion  of UTP-3H with a 
speci f ic  rad ioac t iv i ty  of  55 m C i / m m o l e  (5 # C i / m m o l e  pe r  sample) .  The  final p ro te in  concentrat ion in the 
sample  was 2-4 rag. Af ter  incubation (30 rain, 37°C) the r eac t ion  was stopped with 20% TCA. The r e s id u es  
were  washed on m e m b r a n e  f i l t e r s  (1.5~, Czechoslovakia) .  Radioact ivi ty  was counted in an Inter technique 
L-30  scint i l la t ion counter  (France)o P r o t e i n  was de te rmined  by the method of Jacobson  and Lodish [7]. 

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

C lea r  changes typical  of an i s chemic  hear t  les ion,  e x p r e s s e d  as the appearance  of a pathological  Q wave 
in lead I,  e levat ion of the ST segment  above the i soe l ec t r i c  l ine,  and the appea rance  of a negative T wave, 
we re  obse rved  on the ECG obtained t h r ee  days  a f te r  the appearance  of the infarct .  After  30 days,  i .e. ,  when 
the  fo rma t ion  of the infarc t  was  v i r tua l ly  complete ,  the Q wave was 'deepened ,  the ST segment  r ema ined  above 
the  i soe l ec t r i c  l ine,  and the T wave was smoothed.  Consequently,  even though the 30th day is r ega rded  as the 
per iod of final fo rma t ion  of the necro t ic  focus, a r e a s  of  myoca rd inm in the zone next to the infarc t  and a r e a s  
lying a cons iderab le  d is tance  away f r o m  the pathological  focus continued to be in a s ta te  of acute i schemia .  

The  inner mi tochondr ia l  m e m b r a n e s  were  invest igated both toge ther  with the m a t r i x  and without it [3, 4]. 

In acute i s chemia  a m a r k e d  i nc r ea s e  in p ro te in  synthes is  was found in the inner mi tochondr ia l  m e m b r a n e s  
of the m y o c a r d i u m  depending on the  s tage of development  of the pathological  p r o c e s s  (Fig. 1). On the seventh 
day a f t e r  the  onset  of acute i s chemia  the specif ic  rad ioac t iv i ty  (SR) of p ro te ins  of the inner m e m b r a n e s  r eached  
a max imum,  an i n c r e a s e  of a lmos t  200%. By the 30th day SR had fal len again, but was sti l l  high compared  with 
SR of the  intact  an ima l s .  The  d i f fe rence  in p ro te in - syn thes iz ing  activity of the mi tochondr ia l  m e m b r a n e s  ob- 
s e rved  on the seventh day a f t e r  the onse t  of  infarc t ion may  pe rhaps  have been due to the fact  that  the m o s t  
c r i t i ca l  s i tuat ion a ro se  in the mi tochondr ia  at that  s tage of development  of the pathological  p roces s ,  and in 
o r d e r  to o v e r c o m e  it, i twas  n e c e s s a r y  to involve cer ta in  m a t r i x  p ro te ins ,  act ivat ion of which i n c r e a s e s  the 
powers  of compensa t ion  of the  myoca rd ia l  mi tochondr ia ,  in the  pi~ocess of synthes is  in the mi tochondr ia .  

A s i m i l a r  t r end  was found with RNA synthes is  in the mi tocbondr ia l  m e m b r a n e s .  The maximal  values  of  
SR of RNA in the mi tochondr ia l  m e m b r a n e s  o c c u r r e d  on the seventh day of fo rmat ion  of the exper imenta l  
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Fig. 3. Ultrastructure of inner mem- 
branes of myocardial mitochondria 
during formation of experimental infarct, 
25,000 x. a) In intact animals; b) after 
third day of ischemia; c) seventh day, d) 
30th day of ischemia. 

infarct (Fig. 2). The virtual absence of differences in the intensity of incorporation of UTP-3H into the test  
fractions evidently indicated that RNA synthesis in the mitochondria takes place only on their inner mem- 
branes.  

The number of damaged mitochondria in the t issue preparations at different stages of development of 
acute ischemia is shown in Fig. 3. All 100% of the mitochondria in the intact animals were of normat structure 
and were undamaged, on the 3rd day the number of damaged mitochondria was 19%, on the 7th day 34%, and 
by the 30th day the mitochondrial apparatus was practically fully res tored and the number of damaged organ- 
elles was now only 9%. 

The resul ts  indicate that acute ischemia leads to activation of the protein-synthesizing system of the 
myocardial cell; this activation develops along the lines of an initial increase in protein synthesis in the 
mitochondria, leading to res torat ion and reproduction of the organelles; in this way the energy deficiency is 
partly overcome and the powers of adaptation of the myocardial cell are  increased. Electron-microscopic 
investigation showed that on the third day after the onset of experimental infarction fragmentation and partial 
lysis of the inner mitochondrial membranes were observed (the matr ix was transparent  and considerably 
swollen). By the seventh day the inner membranes were swollen even more and showed considerable macera-  
tion, their  t r iplet  structure was poorly defined. By the 30th day the swelling of the membranes was reduced, 
they were less  macerated,  some cristae were detached, and the fraction of inner membranes consisted chiefly 
of vesicles.  

Restoration of the normal mitochondrisl population in the course of adaptation to the disease evidently 
took place on account of an increase in the reproductive activity of mitochondria which still remained in the 
normal state [5]. The possibility cannot be ruled out that at the ul trastructural  level in vivo also the cells 
are  able to compensate for  the loss of function through the activation of r e se rve  organelles.  An example of 
this is given by the present investigation, in which the energy deficiency arising in acute ischemia activated 
the protein-synthesizing system of the mitochondria, thereby leading to reproduction of the organelles and 
maintaining the energy balance of the cell. 
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E F F E C T  OF N E U R O G E N I C  I N J U R Y  TO T H E  H E A R T  ON I T S  

G L U C O S E - 6 - P H O S P H A T E  D E H Y D R O G E N A S E  C O N T E N T  

N.  A.  N o v i k o v a  UDC 616.127-008.931-02:616.8-092.9 

Neurogenic damage to the ra t  hear t  muscle by electrical  stimulation of the arch of the aorta 
leads to the development of a deficiency of t issue noradrenalin (NA), the mediator of the sym- 
pathetic nervous system. This is accompanied by a marked increase in glucose-6-phosphate 
dehydrogenase (G6PD) activRy. Pre l iminary  administration of actinomycin D, an inhibitor of 
RNA synthesis, completely prevents the increase in G6PD activity in the hear t  muscle tissue 
following neurogenic injury. The resul ts  indicate the more rapid induction of this enzyme in 
the t issue of the myocardium after  neurogenic injury, which correlate  with changes in the tissue 
NA balance. 

KEY WORDS.- neurogenic injuries; heart  muscle; noradrenalin; glueose-6-phosphate dehydro- 
genase; actinomycin D. 

Previous investigations have shown that destruction of the tissue of the myocardium through its neuro- 
genic injury is preceded by metabolic disturbances [1, 4, 5], based on changes in the velocity of enzyme r e -  
actions [2, 3, 7]. Simultaneously with disturbance of the t issue noradrenalin balance, on account of exhaustion 
of its r ese rves ,  a marked increase was found in the activity of hexokinase and lactate dehydrogenase, with a 
consequent increase in the ra te  of glycolysis, and also in glucose-6-phosphate dehydrogenase (G6PD) activity, 
limiting the pentose phosphate metabolic pathway [37]. However, the mechanisms of the changes in enzyme 
activity in the hear t  muscle associated with neurogenic lesions have not yet been explained. It was accord- 
ingly decided to study changes in G6PD activity in the soluble fraction of hear t  muscle after  neurogenic injury 
with the aid of actinomycin D, an inhibitor of protein synthesis. 

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

Experiments were car r ied  out on 36 male albino ra t s  weighing 180-200 g. Neurogenic damage to the 
myocardium was caused by electr ical  stimulation of the arch of the aorta [1]. The ser ies  of investigations 
was undertaken on four groups of animals: 1) 10 intact ra ts  (control); 2) 5 ra ts  undergoingamockoperation,  
the operative control; 3) 10 ra t s  subjected to electr ical  stimulation of the arch of the aorta for 3 h on the 
second day after the operation; 4) 11 ra ts  receiving an intraperitoneal injection of actinomycin D in a dose of 
100 #g per ra t  before electr ical  stimulation. 

G6PD activity in the soluble fraction of hear t  muscle t issue (20,000 g, 40 rain) was determined spectro-  
photometrically at 340 ran, 24 h after stimulation of the arch of the aorta, from the rate  of reduction of added 
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