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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 ,  
a n d  N. N. K l e i m e n o v a  

UDC 616.12-008.1-021.6-07:616.127-091.8-07 

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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Fig .  1 F ig .  2 

F ig .  1. Accumulat ion of glycogen granu les  (G1) in muscle  ce l l  f rom left  ven t r i c l e ,  25,000• 

Fig .  2. Muscle ce l l  f rom left  ven t r i c l e .  Accumulat ion  of mi tochondr ia  (M) with s t rong ly  os -  
mophi l ic  m a t r i x  and numerous  c r i s t a e .  

The duration of assisted perfusion in all the experiments was 1.5-2 h. After the end of counterpulsation 
pieces of myocardium were taken from the left and right ventricles and the left atrium for electron-micro- 
scopic study. The material was fixed in 1% buffered OsO 4 solution by Caulfield's method, dehydrated, and em- 
bedded in Araldite. Electron micrographs were obtained on the JEM-100 electron microscope. 

E X P E R I M E N T A L  RESULTS 

Changes in the hemodynamics recorded in the experiments were the same as usual [ 3, 5, 6] and were 
as follows: The maximal systolic pressure in the ascending aorta was reduced during eounterpulsation by 35~ 
of its initial level, the diastolic pressure was increased by 76%, and TTI and the external work of the left ven- 
tricle were reduced by 38~. The acid-base balance was virtually unchanged in the course of the experiments 
and hemolysis by its end did not exceed 20-25 mg~. 

Electron-microscopic investigation of the myocardium after 1.5-2 h of counterpulsation revealed changes 
in the ultrastructure of the muscle fibers and capillary endothelium. 

Considerable accumulation of glycogen granules was observed in the muscle cells of the myocardium 
from the left ventricle. The granules were round or polygonal in shape, 20-40 nm in diameter, and were dis- 
tributed between the myofibrils, myofilaments, and mitochondria, filling nearly the whole of the sarcoplasm 
(Fig. 1). Marked accumulation of glycogen granules was observed under the sarcolemma, which formed 
a r c a d e l i k e  p r o j e c t i o n s .  

Mitochondr ia  located between the myof ib r i l s  in mos t  c a s e s  had the c h a r a c t e r i s t i c  s t r uc tu r e  for  dog 
musc le  ce l l s .  The mi toehondr ia  were  oval or  elongated in shape,  2.0-2.5 ~ in d i a m e t e r ,  and contained 10 to 12 
c r i s t a e  each. The e r i s t a e  were  sha rp ly  curved and wavel ike  in configurat ion and anas tomosed  f requent ly  with 
each other .  The ma t r i x  of the mi tochondr ia  was finely g ranu la r  and of average  e l e c t r o n  densi ty .  In the p e r i -  
nuc lea r  zone of some muscle  ce l l s ,  which was packed with glycogen granu les ,  oval  mi tochondr ia  measur ing  
1.5-1.8 ~ with an e x t r e m e l y  dense ,  f inely g r anu l a r ,  osmophi l ic  m a t r i x  (Fig.  2) were  found. The e r i s t a e  were  
a r r a n g e d  s t r i c t l y  p a r a l l e l  to each o ther ,  and the i r  number  pe r  unit  a r e a  was 1.5-2 t imes  g r e a t e r  than in o r d i -  
nary  mi tochondr ia .  

The myof ib r i l s  had the c h a r a c t e r i s t i c  s t r u c t u r e  for  the myocard ium,  with c l e a r l y  defined A and I d i sks ,  
H and Z bands,  and r e g u l a r l y  a r r a n g e d  myof i laments .  Between the myof ib r i l s ,  at the level  of the Z bands,  
di la ted t r a n s v e r s e  tubules of the s a r c o p l a s m i c  r e t i cu lum were  v i s ib le .  They at tained a d i a m e t e r  of 0.5-0.8 ~. 
F l o c c u l a r  f i lamentous  s t r u c t u r e s  of ave rage  e lec t ron  densi ty  were  observed  in the lumen of the tubules.  

The s ta te  of the b a s e m e n t  m e m b r a n e s  of the myoca rd i a l  c a p i l l a r i e s  and of the osmophi l ic  l a y e r  of the 
s a r e o l e m m a  was ind is t inguishable  f rom normal .  However,  the out l ines  of the c a p i l l a r i e s  were  f requent ly  
highly convoluted and cons ide rab l e  va r i a t ion  was obse rved  in the th ickness  of the cy top lasm of the endothe l ia l  
ce l l s .  The cy top la sm formed numerous  shor t  and wide, or  na r row and long p ro jec t ions  into the cap i l l a ry  
lumen. A sha rp  i n c r e a s e  in the pinocytot ic  ac t iv i ty  of the c a p i l l a r y  endothel ium a lso  was noted. Meanwhile, 
the s a r c o p l a s m  in a r e a s  adjacent  to the c a p i l l a r i e s  did not exhibit  such marked  pinocytot ic  act ivi ty .  

Numerous  pinocytot ic  v e s i c l e s  30-50 nm in d i a m e t e r  were  detected in the cy top lasm of the endothel ia l  
c e l l s ,  where  they lay" nea r  both the inner  and the outer  membrane  (Fig.  3). The e l e c t r o n  dens i ty  of the i r  con-  
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F i g .  3. High p i n o c y t o t i c  a c t i v i t y  (Pc) of e n d o t h e l i a l  c e l l s  
of m y o c a r d i a l  c a p i l l a r i e s ,  22 ,000•  

t en t s  was  low. The  e n d o t h e l i a l  c e l l s  con t a ined  few o r g a n e l l e s  and only  the n u m b e r  of r i b o s o m e s  and p o l y s o m e s  
in t hem was  i n c r e a s e d .  

N u m e r o u s  f l o c c u l a r  f i l a m e n t o u s  s t r u c t u r e s  and a l so  a f i n e l y - g r a n u l a r  s u b s t a n c e ,  m o r e  o s m o p h i l i c  
than n o r m a l ,  w e r e  o b s e r v e d  in the c a p i l l a r y  lumen .  

The  s h a r p  i n c r e a s e  in the g lycogen  con ten t  in the m y o c a r d i a l  m u s c l e  c e l l s  and d i l a t a t i o n  of the T s y s -  
t em of the s a r c o p l a s m i c  r e t i c u l u m  o b s e r v e d  in t h e s e  e x p e r i m e n t s  i n d i c a t e  that  u n d e r  the in f luence  of the a s -  
s i s t e d  c i r c u l a t i o n  the h e a r t  m u s c l e  c e l l s  w e r e  func t ion ing  at  a low e n e r g y  l eve l .  Th i s  could  have been  due to a 
r e d u c t i o n  in the w o r k i n g  load on the h e a r t ,  which  in the c a s e  of the l e f t  v e n t r i c l e  amoun ted  to a l m o s t  40% of i t s  
i n i t i a l  l eve l .  A d e c r e a s e  in the w o r k i n g  load on the m y o c a r d i u m  in the p r e s e n c e  of an a s s i s t e d  c i r c u l a t i o n  has  
been  p r o v e n  c o n c l u s i v e l y  in o t h e r  i n v e s t i g a t i o n s  [5 -7 ]~  

The m e c h a n i s m s  of g lycogen  a c c u m u l a t i o n  by the m y o c a r d i a l  m u s c l e  c e l l s  d u r i n g  the o p e r a t i o n  of the 
a s s i s t e d  c i r c u l a t i o n  i s  not  su f f i c i en t l y  c l e a r .  C o m p a r i s o n  of the r e s u l t s  now ob ta ined  with  those  of the e x p e r i -  
m e n t s  of Safonova  e t  a l .  [ 2], who o b s e r v e d  i n c r e a s e d  e x t r a c t i o n  of g l u c o s e  by t h e  m y o c a r d i u m  f r o m  the c o r o -  
n a r y  blood d u r i n g  the o p e r a t i o n  of an a s s i s t e d  c i r c u l a t i o n ,  s u g g e s t s  that  the u t i l i z a t i o n  of g lucose  u n d e r  t hese  
c i r c u m s t a n c e s  r e m a i n e d  at  i t s  p r e v i o u s  l e v e l  o r  was  even  r e d u c e d ,  and the e x c e s s  of g lucose  was  d e p o s i t e d  in 
the m y o c a r d i u m  as  g lycogen .  

A p o s s i b l e  e x p l a n a t i o n  i s  tha t  the a c c u m u l a t i o n  of g lycogen  in the m y o c a r d i u m  was  connec t ed  with a d e -  
c r e a s e  in the c o n c e n t r a t i o n  of c a t e c h o l a m i n e s  and,  in p a r t i c u l a r ,  of a d r e n a l i n  in  the h e a r t  m u s c l e  in the p r e s -  
ence  of c o u n t e r p u l s a t i o n  [4]. A d r e n a l i n ,  by i t s  a c t i on  on c y c l i c  3 , 5 - A M P  [ 11, 12], i s  known to l ead  th rough  a 
s e r i e s  of i n t e r m e d i a t e  r e a c t i o n s  to the a c t i v a t i o n  of p h o s p h o r y l a s e ,  an e n z y m e  h y d r o l y z i n g  g l y c o g e n  [ 8, 9]. 
A d e c r e a s e  in the a d r e n a l i n  c o n c e n t r a t i o n  could  t h e r e f o r e  i nh ib i t  the h y d r o l y s i s  of g lycogen  and so p r o m o t e  i t s  
a c c u m u l a t i o n  by the m y o c a r d i a l  t i s s u e s .  

The  i n c r e a s e  in the n u m b e r  of s m a l l  m i t o c h o n d r i a  wi th  an e x t r e m e l y  dense  o s m o p h i l i c  m a t r i x  in the  
p e r i n u c l e a r  zone i s  e v i d e n c e  of  the a c c u m u l a t i o n  of " j u v e n i l e , "  y o u n g e r  f o r m s  of m i t o c h o n d r i a ,  not  ye t  i n -  
vo lved  a c t i v e l y  in m e t a b o l i s m ,  in the m y o c a r d i u m .  It has  been  shown [ 1] tha t  m i t o c h o n d r i a  wi th  a d e n s e ,  o s -  
m o p h i l i c  m a t r i x ,  and with l a r g e  n u m b e r s  of d e n s e l y  p a c k e d ,  p a r a l l e l  c r i s t a e ,  a r e  in  the s t a t e  of  e n e r g y  a c -  
c u m u l a t i o n .  An i n c r e a s e  in the  n u m b e r  of such  m i t o c h o n d r i a  in the m u s c l e  c e l l s  d u r i n g  the o p e r a t i o n  of the 
a s s i s t e d  c i r c u l a t i o n  was  e v i d e n t l y  connec t ed  with  a r e d u c t i o n  in the e n e r g y  r e q u i r e m e n t s  of the  m y o c a r d i u m  
a s s o c i a t e d  with  the r e d u c e d  w o r k i n g  load on it.  O the r  e v i d e n c e  in s u p p o r t  of the d e p r e s s e d  m e t a b o l i s m  of the 
h e a r t  m u s c l e  d u r i n g  the o p e r a t i o n  of an a s s i s t e d  c i r c u l a t i o n  was  ob ta ined  by Chazov et  a l .  [ 5 ] ,  Shumakov 
et  al .  [ 3 ] ,  C l a u s s  e t  a l . ,  [6], and o t h e r  w o r k e r s  who found a d e c r e a s e  in the oxygen  c o n s u m p t i o n  of the m y o -  
c a r d i u m  and in the a r t e r i o v e n o u s  oxygen  d i f f e r e n c e  of the c o r o n a r y  b lood.  

C o n s i d e r i n g  that  in m y o c a r d i a l  i n f a r c t i o n  d u r i n g  the f i r s t  few m i n u t e s  a f t e r  c o r o n a r y  o c c l u s i o n  and the 
d e v e l o p m e n t  of i s c h e m i a  g lycogen  d i s a p p e a r s  f r o m  the m u s c l e  c e l l s ,  the m i t o c h o n d r i a  swe l l ,  and t h e i r  m a t r i x  
b e c o m e s  t r a n s l u c e n t ,  i t  s e e m s  l i k e l y  that  the a c c u m u l a t i o n  of g lycogen  and the a p p e a r a n c e  of " j u v e n i l e "  f o r m s  
of m i t o c h o n d r i a  a r e  e v i d e n c e  of the c r e a t i o n  of a f a v o r a b l e  l e v e l  of e n e r g y  m e t a b o l i s m  fo r  m y o c a r d i a l  funct ion 
u n d e r  c o u n t e r p u l s a t i o n  c o n d i t i o n s ,  so  f a c i l i t a t i n g  the b e n e f i c i a l  t h e r a p e u t i c  e f f ec t  of the a s s i s t e d  c i r c u l a t i o n  in 
c l i n i c a l  p r a c t i c e .  

The  i n c r e a s e  in p i n o c y t o t i c  a c t i v i t y  of the e n d o t h e l i a l  c e l l s  of the m y o c a r d i a l  c a p i l l a r i e s ,  the i n c r e a s e  
in the n u m b e r  of r i b o s o m e s  and p o l y s o m e s ,  and a l s o  the p r e s e n c e  of n u m e r o u s  p r o j e c t i o n s  and e v a g i n a t i o n s  of 
the c y t o p l a s m  and e n d o t h e l i u m  can  be i n t e r p r e t e d  as  a c o m p e n s a t o r y  and r e g u l a t o r y  r e s p o n s e  of the m y o c a r d i a l  
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vascular  sys tem to the increase  in the volume velocity of the blood flow in it and to the change in the cha rac te r  
of the pulse wave in the main co ronary  a r t e r i e s  arid the aor ta  (the appearance of an additional peak of p re s su re  
in diastole due to the injection of blood f rom the pump). Whether these fac tors  have a positive or  negative in- 
fluence on the myocardium and on the organism as a whole is something that only future r e s e a r c h  will decide. 
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I D E N T I F I C A T I O N  OF S M O O T H  M U S C L E  M Y O S I N  

IN M Y O I D  C E L L S  OF T H E  T E S T E S  

V. S. R u k o s u e v  UDC 612.734.14:612.616 

Smooth muscle myosin was found by the Coons'  immunomorphological  test in the outer wall 
of the seminiferous tubules of man, rats ,  and mice. The resul ts  of the investigation confirm 
the smooth-musc le  nature of the myoid cells.  

KEY WORDS: testis; myoid cells;  smoo th -musc l e  myosin. 

The so-cal led  myoid cei ls  (myofibroblasts ,  contract i le  fibroblasts) which, together with fibrous s t ruc -  
tures ,  form the outer wall of the seminiferous tubules, have many common features  with smooth muscles .  The 
cytoplasm of these cel ls  is r ich in actinlike microf ib r i l s  50-70 ,~ thick, which by themselves  and with the 
p la smalemma form dense bodies. To correspond to the pinocytotic ves ic les ,  on the outer  surface of the cell 
membrane there are  c ra te r l ike  depress ions .  At the site of contact  of the ceils with each other desmosome-  
like format ions and nexuses have been identified [ 3, 10]. Contraction of myoid cells  in isolated seminiferous 
tubules [ 8] and in t issue culture [ 51 has also been observed.  

This morphological  and functional s imi lar i ty  between the myoid and smooth-musc le  cells suggested tha t  
the composit ion of their  contract i le  proteins would be identical. 

In this investigation an attempt was made to identify smooth-musc le  myosin in the myoid cells.  

EXPERIMENTAL METHOD 

Myosin was identified by the indirect  Coons '  method using pure donkey antibodies against rabbit  im-  
munoglobulin G, labeled with f luorescein isothiocyanate.  Ant iserum against human uterine myosin was ob- 
tained in rabbits  in severa l  s tages by the method described previously [2] .  Sections through the testes,  and 
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