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In t race l lu la r  myocyto lys i s  in the ra t  hea r t  was induced by injection of adrenal in or  novodrin 
( isoprenal ine) .  During the f i r s t  hour,  foci of dest ruct ion of the s a r c o p l a s m i c  re t icu lum and 
myof ibr i l s  appeared  in the damaged musc le  ce l l s .  In subsequent hours ,  in t race l lu la r  r egen -  
era t ion was observed :  po lysomes  appeared  in the foci, new tubules of the s a r c o p l a s m i c  r e -  
t iculum and new myof i laments  were  fo rmed .  The p roce s s  of myocyto lys i s  is unconnected 
with des t ruct ion or  format ion  of l y s o s o m e s .  The s a r c o l e m m a ,  mitochondria ,  and nucleus 
a r e  essen t ia l ly  unchanged in r e v e r s i b l e  fo rms  of myocy to lys i s .  

In t race l lu la r  myocyto lys i s  is a type of acute metabol ic  injury to the musc le  cel ls  of the hear t  cha rac -  
t e r ized  by focal  lysis  of myof ib r i l s ,  and readi ly  d i s c o v e r e d  by examinat ion in polar ized light. When the ac-  
tion of the injuring agent  is r e la t ive ly  shor t  in duration, the no rma l  s t ruc ture  of cells undergoing myocytol -  
ys i s  can be r e s to r ed  a f te r  1-2 days [5-7]. 

E l e c t r o n - m i c r o s c o p i c  changes i~ musc le  cel ls  of the hea r t  during the f i r s t  minutes  of development  
of myocyto lys i s  were  descr ibed  in a previous  paper  [4]. A descr ip t ion  of the fur ther  changes in the musc le  
cel ls  during this type of injury is given below. 

EXPERIMENTAL METHOD 

Para l l e l  po la r i za t ion-  and e l e c t r o n - m i c r o s c o p i c  studies were  made of the papi l lary  musc les  of the 
left ven t r ic le  of 12 albino ra t s  weighing 120-180 g between 20 min and 24 h a f te r  subcutaneous injection of 
adrenalin (8 mg/kg) or  of novodrin (isoprenaline) (80 mg/kg) .  The ma te r i a l  was fixed in the cold with os-  
mium fixative [9] and embedded in a mix ture  of me thac ry l a t e s .  Sections,  1 # in th ickness ,  were  examined 
in po la r ized  light, while ul t rathin sections in the para l l e l  s e r i e s  were  counters ta ined with lead [10] and ex- 
amined in the Tes l a  BS-513 e lec t ron  mic roscope .  Full detai ls  of the method were  given prev ious ly  [4]. 

EXPERIMENTAL RESULTS 

As the previous investigation showed [4], during the first minutes destruction of the sarcoplasmic 
reticulum and myofibrils took place in the zone of myocytolysis, starting at the level of the Z-bands, but 
no significant changes were observed in the nucleus, sarcolemma, or mitochondria. 

After 1-3 days, the intracellular myocytolysis reached its maximum development through progres- 
sion of the destructive changes. At this stage the loci of myocytolysis, when examined in polarized light, 
appeared optically empty and, as the previous study showed, fixation of the dyes was reduced in the foci 
and the myosin in the foci of injury could no longer be detected by an immunoluminescence method [6]. 
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Fig. 1. Area  of papil lary muscle of a rat  (24 h after  injection 
of adrenalin): central  zone of focus of myocytolys is ;  thin bun- 
dles of newly formed myofilaments in center  between chains 
of r ibosomes (26,000• 

Fig. 2. Another part  of the same specimen: central  zone 
of focus of myocytolysis ;  newly formed tubules of sa rco-  
plasmic ret iculum (Sr), surrounded by r ibosomes (R) visi-  
ble in the t ranslucent  cytoplasm; mitochondria are c i rcu-  
lar in shape, and matr ix  of mitochondria is t ranslucent  
where cr is tae  have been destroyed (45,000• 

Examination in the e lec t ron-mic roscope  showed that at the height of development of myocytolysis  the 
myofibri ls  in the most  severe ly  damaged areas  of the muscle f ibers were completely destroyed,  and c i rcu-  
lar  mitochondria  of different sizes were scat tered among the t ranslucent  and s t ruc ture less  sarcoplasm.  
The matr ix  of some mitochondria  was condensed, and foci of t ranslucency could be seen in others where 
some of the cr is tae  had disappeared. At the per iphery of a focus of myocytolysis  f ragments  of sa rcoplas -  
mic ret iculum were visible, with r ibosomes lying between the free ends of the remaining myofibri ls .  

Even after  one short  exposure to the injurious agent, the foci of myocytolysis  did not develop in a 
s t r ic t ly  synchronized manner ,  and between 1 and 24 h later loci at different stages of the process  could be 
seen simultaneously in the myocardium.  

In the optical microscope ,  res tora t ion  of the damaged muscle cells appeared more than 12 h after  in- 
jury.  In polarized light, the loci grew shor te r  and birefr ingent  fi laments appeared, intersect ing the focus 
longitudinally. In the ordinary histological investigation the foci of in t racel lular  myocytolysis  were  p rac -  
tically invisible at this stage, because the injured parts  fixed the dyes just as s trongly as normal  f ibers .  

E lec t ron-mic roscop ic  investigation revealed signs of commencing intraeel lular  regenerat ion during 
the f i rs t  few hours after injury. In the central  part  of the foci of myocytolysis ,  groups of r ibosomes were 
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Fig. 3. l~eriphery of a focus of myocytolysis., newly formed myofibri ls ,  
not separated into s a r c o m e r e s  (MF), and with oval mitochondria  between 
them, can be seen. Cells in center  and on right side have no myofibr i ls ;  
numerous groups of r ibosomes (R) and tubules of sa rcop lasmic  ret iculum 
(Sr) lie in the sa rcop lasm between mitochondria  (M) and lipid droplets (L) 
(45,000)<). 

seen in the spaces between the mitochondria,  and they increased in number toward the per iphery  of the in- 
jured focus. Sometimes the r ibosomes  were ar ranged in chains (polysomes), with thin bundles of f ibri ls ,  
evidently myofi laments,  alongside them (Fig. 1). This assumption is supported by the fact  that at this 
stage, unoriented myosin began to be detectable in the foci of myocytolysis  by the immunoluminescence 
method [6]. Besides the format ion of myofi laments ,  tubules of sa rcoplasmic  ret iculum also began to ap- 
pear  (Fig. 2). The newly formed bundles of myofilaments at f i rs t  lay haphazardly,  but later,  s tar t ing at 
the per iphery  of the focus, they became longitudinal in direction, and when examined in polarized light they 
appeared as anisotropic fibrils without cross  str iat ion.  The mitochondria between the bundles of these 
myofi laments  became elongated in shape. Later ,  long myofibri ls  in which Z-bands were only just begin- 
ning to appear,  but in which alternation of the s a r c o m e r e s  could be deduced from the packing density of the 
myofi laments,  began to be formed (Fig. 3). 

In its general  features ,  the process  of intraeel lular  regenerat ion of hear t  muscle fibers af ter  myocy-  
tolysis resembles  the format ion of myofibri ls  of s tr iated muscle during embryogenesis  [8]. Similar pic- 
tures are given in Glagoleva and Chechulin's atlas [2], where they are  identified as myoblasts  formed sev- 
era l  days afer  experimental  myocardia l  infarction. The paral le l  investigation in light (polarized) and e lec-  
t ron microscopes  demonstra ted c lear ly  that this p rocess  can take place in mature  muscle f ibers of the 
hear t  during the f i rs t  few days after  in t racel lu lar  myocytolysis .  

It is important  to note that intracel lular  myocytolysis ,  which judging from all its features is a pro-  
cess of in t rav i ta lpar t ia l  autolysis of intracel lular  s t ruc tu res ,  usually begins at the per iphery of the cell, 
where as a rule there are  no lysosomes ,  and in the course  of the pathological p rocess  no lysosomes are  
formed in foci of myocyto lys i s .  Since in other  pathological situations not accompanied by such widespread 
p rocesses  of autolysis the number of lysosomes in the muscle  cells of the hear t  is known to increase  [1], 
it may be postulated that the formation of new lysosomes is more  likely to protect  the cell against autoly- 
sis than to promote it. 

At all stages of in t racel lular  myocytolysis  the s a rco l emma was completely intact and no signs of pe r -  
meation of p lasma were found. A feature distinguishing revers ib le  in t racel lular  myocytolysis  f rom other 
types of damage to the myocard ium is the comparat ively  mild injury to the mitochondria,  the changes in 
which did not go beyond those observed in the normally functioning myoeardium [3]. The essent ial  condi- 
tion for  revers ib i l i ty  of in t racel lular  myocytolysis  is injury to only parts  of the cell and integrity of the 
nucleus. If the nucleus is des t royed the process  becomes i r revers ib le  and is t ransformed into p r imary  
colliquative necros i s  [5]. 
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