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Quantitative changes in myoglobin and the subcel lular  organizat ion of the myocardium w e r e  
studied in the ear ly  s tages of experimental  cardiac  infarct ion in dogs. Corre la t ion was found 
between the myoglobin concentrat ion and the state of the subcellular  organization of the c a r -  
diomyocytes  in the zone of i schemia  and in the  so-cal led intact portions of the right and left 
ventr ic les .  
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Myoglobin pe r fo rms  a r e sp i r a to ry  function by assimilat ing oxygen f rom the blood for use in oxidative 
p rocesses  in muscle t issue. In some species of animals the myoglobin content is different in heart  muscle [1]. 
The distribution of myogtobin also differs quantitatively in different parts  of the heart  [7, 13]. 

Histochemical  methods of investigation have revealed [ 4] that myoglobin in the cardiomyocyte  is locat-  
ed at the level of the A disk of the myofibri ls ,  in skeletal muscles  it lies on both sides of the Z bands, and in 
smooth-musc le  cells it occurs  as chains lying along the muscle  cell. This localization of myoglobin in the 
muscle cell cor responds  to the a r rangement  of the mitochondria in it. 

In the investigation described below a parallel  study was made of quantitative changes in myoglobin and 
the subcel lular  organizat ion of the myocardium in the same par ts  of the hear t  in the ear ly  stages of disturbance 
of the co ronary  circulat ion.  

EXPERIMENTAL METHOD 

Experiments were carried out on 22 mongrel dogs weighing 18-25 kg. In 17 dogs the blood supply to the 
myocardium was disturbed by ligation of the anterior descending branch of the left coronary artery at the 
boundary between its upper and middle thirds. The ECG was recorded in every case. The animals were killed 

2-3 and 24 h after ligation of the coronary artery. To investigate the myoglobin weighed samples of myoear- 

diumwere taken from the anterior wall of the left ventricle 2-3 cm distally to the site of the ligature and also 

from the so-called intact parts of the myocardium: from the right ventricle and from the posterior wall of the 

left ventricle. These parts of the heart were subjected to pathological and electron-microscopic investigation. 

Similar investigations were carried out on five healthy dogs which acted as the control. The myoglobin con- 

centration was determined spectrophotometrically [ 14]. All the tests were repeated. Sections were cut on the 

LKB-8890 ultratome and examined in the JEM-7A electron microscope with an accelerating voltage of 80 kV. 

EXPERIMENTAL RESULTS 

Changes in the myoglobin content in the early stages after disturbance of the coronary blood supply in 

the different parts of the heart are given in Table i. 
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T A B L E  1. C ha nge s  in M y o g l o b i n  Con ten t  

( m g / g  t i s sue )  in  D i f f e r e n t  P a r t s  of H e a r t  in 
S t ages  of I s c h e m i a  and F o r m a t i o n  of E x -  
p e r i m e n t a l  M y o c a r d i a l  I n f a r c t s  in Dogs 

(M ~- m) 

Time after Anterior i Posterior 
ligation of wall of left iwall of left 
coronary artery i ventricle j ventricle 

t I 

Control t 4,66• 4,60• 
2-3h I 3,11~0,16 4,52--+0,54 
24 h 2,79• 3,72• 

Right 
ventricle 

3,73• 
3,37+0,4 
6,22+--0,74 

Within 2 to 3 h a f t e r  l i ga t i on  of the c o r o n a r y  a r t e r y  the myog lob in  con ten t  in the zone of i s c h e m i a  was 
r e d u c e d .  The  myog lob in  con ten t  in the p o s t e r i o r  wa l l  of the l e f t  v e n t r i c l e  and in the r i g h t  v e n t r i c l e  was  v i r -  
tua l ly  unchanged .  A f u r t h e r  d e c r e a s e  in the  m y o g l o b i n  conten t  in the zone of i s c h e m i a  was  o b s e r v e d  24 h a f t e r  
p r o d u c t i o n  of the e x p e r i m e n t a l  m y o c a r d i a l  i n f a r c t .  At  the s a m e  t ime  t h e r e  was  a s m a l l  d e c r e a s e  in i t s  con ten t  
in the p o s t e r i o r  wa l l  of the l e f t  v e n t r i c l e .  The  o p p o s i t e  e f fec t  was  o b s e r v e d  in the m y o c a r d i u m  of the r i g h t  
v e n t r i c l e :  I ts  m y o g l o b i n  con ten t  a t  th i s  t i m e  was  s h a r p l y  i n c r e a s e d .  A p a r a l l e l  s t udy  o f  the  u l t r a s t r u e t u r a l  o r g a n i -  
z a t i on  of the  m y o c a r d i u m  showed the p r e s e n c e  of i n t e r c e l l u l a r  and i n t r a c e l l u l a r  e d e m a ,  s w e l l i n g  of the  
m i t o c h o n d r i a ,  p a r t i a l  d e s t r u c t i o n  of t h e i r  c r i s t a e ,  and t r a n s l u c e n c y  of t h e i r  m a t r i x  in t h e  Zone of i s c h -  
e m i a  2 -3  h a f t e r  l i g a t i o n  of  the  c o r o n a r y  a r t e r y .  F r a g m e n t s  of  the  i n n e r  m e m b r a n e s  a c c u m u l a t e d  in 
the  t r a n s l u c e n t  m a t r i x  of m a n y  of the  m i t o c h o n d r i a .  F r a g m e n t s  of i nd iv idua l  ce l l  o r g a n e l l e s ,  i nc lud ing  
m i t o c h o n d r i a ,  w e r e  found in the  i n t e r c e l l u l a r  s p a c e  a d j a c e n t  to  c a r d i o m y o c y t e s  wi th  d i s i n t e g r a t e d  s a r -  
c o l e m m a .  The  m y o f i b r i l s  in  m o s t  c a r d i o m y o c y t e s  w e r e  in an  u n c o n t r a c t e d  s t a t e  and l a r g e  t d i s k s  and 
H z o n e s  w e r e  o b s r v e d  in  t h e m .  M e a n w h i l e ,  in the  m u s c l e  f i b e r s  of  the  p o s t e r i o r  w a l l  of the  l e f t  ven -  
t r i c l e  s w e l t i n g  of the  m i t o c h o n d r i a  a l s o  w a s  o b s e r v e d ,  a l though  th i s  w a s  not  a s  s e v e r e  a s  in the  zone  
of i s c h e m i a .  D i s o r g a n i z a t i o n  of the  c r i s t a e  w a s  o b s e r v e d  in the  m i t o e h o n d r i a ,  bu t  no m a r k e d  d e s t r u c t i o n  
of the  c r i s t a e  had t aken  p l a c e .  The  m y o f i b r i l s  w e r e  in a c o n t r a c t e d  s t a t e .  In t he  r i g h t  v e n t r i c l e  changes  
in the  u l t r a s t r u c t u r a l  o r g a n i z a t i o n  of the  m y o c a r d i u m  w e r e  l e s s  m a r k e d :  2 -3  h a f t e r  d i s t u r b a n c e  of the  
c o r o n a r y  c i r c u l a t i o n  v a c u o l a t i o n  of i n d i v i d u a l  m i t o c h o n d r i a  w a s  o b s e r v e d  and,  in s o m e  m u s c l e  f i b e r s ,  
the  m y o f i b r i l s  w e r e  o v e r c o n t r a c t e d  with the  f o r m a t i o n  of c o n t r a c t i o n  p o l e s  in t h e m .  The  d e g r e e  of the  
d e s t r u c t i v e  changes  in the m y o c a r d i u m  was  much g r e a t e r  24 h a f t e r  l i g a t i o n  of the c o r o n a r y  a r t e r y .  In the 
zone of i s c h e m i a  in s o m e  c a r d i o m y o c y t e s  m o s t  of the m i t o c h o n d r i a  w e r e  d e s t r o y e d .  The  m i t o c h o n d r i a  w e r e  
swo l l en ,  t h e i r  c r i s t a e  w e r e  c o m p l e t e l y  d e s t r o y e d ,  and the o u t e r  m i t o c h o n d r i a l  m e m b r a n e  a p p e a r e d  to c o n s i s t  
of  only  a s i n g l e  l a y e r .  The  m y o f i b r i l s  w e r e  f r a g m e n t e d  at  the  b o u n d a r i e s  of  t h e i r  A and I d i s k s .  In the p o s -  
t e r i o r  wa l l  of the le f t  v e n t r i c l e  at  the s a m e  p e r i o d  c o n s i d e r a b l e  s w e l l i n g  of the m i t o e h o n d r i a  with d i s o r g a n i z a -  
t ion and d e s t r u c t i o n  of the e r i s t a e  w e r e  o b s e r v e d .  Many m y o f i b r i l s  w e r e  in an u n e o n t r a c t e d  s t a t e .  I n  s o m e  
c a r d i o m y o c y t e s  of the r i g h t  v e n t r i c l e  h y p e r p l a s i a  of the m i t o c h o n d r i a  was  o b s e r v e d  but, as  a r u l e ,  the u l t r a -  
s t r u c t u r a l  o r g a n i z a t i o n  of the m y o f i b r i l s  was  unchanged  ( F i g s .  1-3) .  

The  m y o g l o b i n  con ten t  in the m u s c l e  i s  known to be an i n d i c a t o r  of the i n t e n s i t y  of o x i d a t i v e  p r o c e s s e s .  
The  h i g h e r  the myog lob in  con ten t  in a m u s c l e ,  the m o r e  ab le  i t  i s  to a c c u m u l a t e  oxygen  and to i n t e n s i f y  i t s  
r e s p i r a t o r y  m e t a b o l i s m .  The  oxygen  r e s e r v e  bound with m y o g l o b i n  i s  i m p o r t a n t  in l o c a l  d i s t u r b a n c e s  of the 
c i r c u l a t i o n  and in anox ia  of v a r i e d  e t io logy .  A m a t t e r  of de f in i t e  i m p o r t a n c e  fo r  c l i n i c a l  p r a c t i c e  i s  the s tudy  
of the q u a n t i t a t i v e  d i s t r i b u t i o n  of m y o g l o b i n  in  the h e a r t  m u s c l e  d u r i n g  m y o c a r d i a l  i n f a r c t i o n .  I n v e s t i g a t i o n s  
have shown tha t  the n e c r o t i c  c h a n g e s  d e v e l o p i n g  in m u s c l e s  fo l lowing  a d i s t u r b a n c e  of t h e i r  b lood supp ly  l ead  
to a r e d u c t i o n  in t h e i r  m y o g l o b i n  con ten t .  B i o c h e m i c a l  m e t h o d s  have r e v e a l e d  a d e c r e a s e  in the myog lob in  
c o n c e n t r a t i o n  in the i n f a r c t e d  zone of the m y o c a r d i u m  [2, 6] .  S p e c t r o p h o t o m e t r i c  i n v e s t i g a t i o n s  have r e v e a l e d  
m y o g l o b i n  in the blood s e r u m  and u r i n e  of p a t i e n t s  wi th  m y o c a r d i a l  i n f a r c t i o n ,  i t s  c o n c e n t r a t i o n  be ing  h ighes t  
in the f i r s t  days  of the d i s e a s e  [ 12] .  C a s e s  of s e v e r e  i n f a r c t i o n  with  e x c r e t i o n  of a b rown u r i n e  d u r i n g  the 
f i r s t  2 -3  d a y s  [9 ] ,  due to m y o g l o b i n u r i a ,  have been  d e s c r i b e d .  I t  has  been  shown [ 3] that  the m y o g l o b i n u r i a  
in p a t i e n t s  wi th  m y o c a r d i a l  i n f a r c t i o n  i s  b a s e d  on the c i r c u l a t i o n  of d e g e n e r a t e d  c a r d i o m y o c y t e s  in the blood 
s t r e a m .  F r a g m e n t s  of c a r d i o m y o c y t e s  d i s c o v e r e d  e l e c t r o n  m i c r o s c o p i c a l l y  in the i n t e r c e l l u l a r  s p a c e  in the 
p r e s e n t  i n v e s t i g a t i o n  c o n f i r m  th i s  h y p o t h e s i s .  

The  p r e s e n t  e x p e r i m e n t s  showed a d e c r e a s e  in the myog lob in  con ten t  in the i n f a r c t e d  r e g i o n  of the 
m y o c a r d i u m  c o m p a r e d  wi th  i t s  " i n t a c t "  zones .  The  d e c r e a s e  in the myog lob in  con ten t  in the p o s t e r i o r  wall  
of the l e f t  v e n t r i c l e  24 h a f t e r  l i g a t i o n  of the  c o r o n a r y  a r t e r y ,  with a s i m u l t a n e o u s  i n c r e a s e  in i t s  con ten t  in 
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Fig. 1 Fig. 2 Fig. 3 

Fig. 1. Cardiomyocyte  of anter ior  wall of left ventricle.  Greatly swollen mitochondrion (M) 
can be seen, with its c r i s tae  completely destroyed,  and the outer membrane  in some areas  ap- 
pearing to consis t  of only one layer;  24 h after  ligation of coronary  ar te ry ,  25,000• 

Fig. 2. Cardiomyocyte  of pos te r io r  wall of left ventricle.  Mitochondria (M) swollen, their 
c r i s tae  disorientated,  their matrix translucent ,  myofibri ls  (MF) in an uncontracted state, large 
I disks visible; 24 h after  ligation of coronary  ar tery ,  40,000• 

Fig. 3. Cardiomyocyte  of right ventricle.  Among intact myofibri ls  (MF) many mitochondria 
(M) have accumulated; 24 h after  ligation of coronary  a r te ry ,  20,000• 

the right ventr icle  is evidence that the hear t  reac ts  to a local disturbance of its blood supply as a single en- 
tity. Acute ischemia in the region of the anter ior  wall of the left ventr icle  was accompanied by a response not 
only of the left, but also of the right zones of the heart.  However, whereas in the left ventricle (its pos te r ior  
wall) the change s were  consistent  in direct ion with those in the zone of i schemia  and differed only in their 
severi ty,  in the right ventr icle  there was a marked increase  in the myoglobin content. It can tentatively be 
suggested that the increase  in the myoglobin concentrat ion in the right ventricle was aimed at maintaining its 
increased activity as a resul t  of the functional insufficiency of the left ventricle.  The resul ts  are in agreement  
with the existing view that the right ventr icle  is more adaptable than the left to changing demands under 
pathological conditions, as is supported by morphological  [5] and biochemical  [8, 10] investigations which have 
demonstrated considerable hyperfunction of the energy- forming  sys tems  of the r ight ventricle and a higher 
content of r e s e rve  energy subs t ra tes  in it. 

As has already been stated, at tempts have been made to show corre la t ion  between the myoglobin con-  
tent and the state of the mitochondria  [4, 11]. In this investigation cor re la t ion  was found between the myo-  
globin content in the hear t  muscle in the ear ly  stages of experimental  cardiac  infarction and the subcel lular  
organization of the heart ,  including changes in the mitochondria.  
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E F F E C T  OF T H E  A S S I S T E D  C I R C U L A T I O N  ON 

M Y O C A R D I A L  U L T R A S T R U C T U R E  

V. I .  S h u m a k o v ,  V. E .  T o l p e k i n ,  
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The effect of a method of assisted circulat ion (counterpulsation) on the u l t ras t ruc ture  of t h e  
myocardium was studied in dogs. Elect ron microscopy revealed a sharp increase  in the 
glycogen content in the heart  muscle cells,  mitochondria with a highly osmophilic,  finely 
granular  matr ix,  and high pinocytotic activity of the capi l lary endothelial cells.  The resul ts  
are  evidence of metabolic changes in the myocardium and, in par t icular ,  that the myocardial  
muscle cells  are  functioning at a lower energy level. The changes discovered in the myo-  
cardial  u l t ras t ruc tu re  evidently account for the beneficial therapeutic effect of the method. 

KEY WORDS: assis ted circulation; myocardial  metabolism; glycogen; mitochondria.  

Despite many investigations of the assis ted circulation, the true cha rac te r  of the p rocesses  taking place 
under these c i r cums tances  in the body is still far  from completely understood [3, 7, 10]. 

The object of this investigation was to study the effect of the assis ted circulation,  using the counterpul- 
sation method, on the ut t ras t ruc tu re  of the myocardium in intact animals. 

EXPERIMENTAL METHOD 

Seven dogs weighing 15-25 kg were used. Under endotracheal  anesthesia  (morphine, thiopental sodium, 
listhenon) the thorax was opened in layers  in the third-fourth  intercostal  spaces on the left side and the sub- 
clavian a r t e ry  was isolated. A cannula, connected to the output tube of a valveless  blood pump, with a common 
inlet and outlet for the blood, was introduced into the lumen of the ar tery .  The pump was connected to a pneu- 
matic drive mechanism and card iosynehronizer .  The ECG and the p r e s s u r e  in the ascending aorta  were r e -  
corded during the experiments ,  ~he ac id-base  balance and the free hemoglobin concentrat ion in the blood 
plasma were determined,  the " t i m e - t e n s i o n  index" (TTI) and the external work of the left ventricle were 
calculated. 

After the initial pa r ame te r s  of the hemodynamics had been measured and blood samples  taken, the 
pneumatic drive mechanism was switched on and the assis ted circulat ion c o m m e n c e d u n d e r  counterpulsation 
conditions as described previously [3, 13]. 
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