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The wri ter  showed prev ious ly  [ 5, 6] that after  death of a s m a l l  a rea  of myocard ium due to mechanical  
t r auma to the heart  in fetuses aged 20-24 days young c r o s s - s t r i a t e d  muscle develops in the focus of injury. In 
newborn rabbits,  s imi lar  t rauma terminates  in the formation of connective t issue in the region of injury.  It 
was shown that the undifferentiated muscle cell s of the heart  do not take part  in healing of myocardia l  injuries,  
but that prol i fera t ion of card iomyocytes  plays the principal role in repa i r  of the heart  s t ruc ture .  Nevertheless ,  
in the investigations cited above no attempt was made to study the reason for the difference in the outcome of 
myocardia l  regenera t ion  in fetuses and new born rabbits.  

In the investigation descr ibed below the process  of prol iferat ive activity of the heart  muscle ceils was 
studied and some principles lying at the basis  of myocardia l  regenerat ion in fetuses and newborn rabbits were 
discovered.  

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

Rabbit fetuses and newborn rabbits were used. By the method descr ibed previously [5], mechanical  
t r auma was inflicted on the myocard ium of the fetuses at the 20th-24th day of int rauter ine development.  Sim- 
i lar  t rauma was inflicted on the newborn rabbits  on the f i rs t  day after birth.  The number  of fetuses and new- 
born rabbits subjected to t r auma was 100 in each group. The t imes after injury varied in the case of fetuses 
f rom 8 h to 11 days, and in newbornrabbi ts  f rom 1 to 30 days. Mitoses in muscle cells were counted in histotepo- 
graphical  sections stained with hematoxylin and eosin and for  neutral  mucopolysaechar ides  close to (in 5000 
nuclei) and at a distance f rom (in 5000 nuclei) the zone of injury.  As far  as possible animals of the same l i t ter  
were used, 10 at each t ime. Statistical analysis of the resul ts  was undertaken on the Elektronika-100 and 
Nair i -K computers  by analysis of variance.  

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

When mitoses  in muscle cells are counted, difficulties usually ar ise  in their  differentiation f rom mitoses  
in connect ive- t issue cells.  Despite this, separa te  counting of mitoses  of these types is possible and has been 
done several  t imes by a number of workers  [2, 4]. The principal features distinguishing mitoses  of muscle 
cells f rom mitoses  of connect ive- t issue cells are  the l a rge r  size and the presence  of t rans lucency in the cyto- 
p lasm of dividing myocytes ,  and the fact that they contain chromosomes  within the boundaries of the muscle 
f iber (Fig. 1). So far  as connect ive- t issue cells are concerned, their  independence during division f rom mus -  
cle f ibers ,  and the presence  of basophilia in their  cytoplasm are  repor ted  in the l i te ra ture  [4]. We used the 
same distinguishing features  in this investigation as previously [4]. An additional cr i ter ion for identifying these 
types of mitoses  in some cases was staining for neutral  mucopolysacchar ides ,  which gave par t icular ly  c lear  
boundaries between muscle  cells and enabled the location of the mitosis  to be identified more  accurate ly .  It 
was thus shown that as a rule a certain number  of grains of glycogen were present  in a dividing muscle cell 
(Fig. ld). Direct division of nuclei of the myocard ium in the normal  heart  and after  various kinds of injuries 
has been observed  by many workers  [1, 7]. In the past, great  importance was attached to amitosis  as one way 
of division of the myocardia l  nuclei, which played a definite role in res tora t ion  of the s t ruc ture  of the organ at 
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Fig. 1. Mitoses in muscle cells and glycogen grains in cytoplasm of divid- 
ing muscle  cell (d). a-c) hematoxy l in -eos in ,  d) PAS react ion.  900 x. 
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Fig. 2. Fig. 3. 

Fig. 2. Number of mitoses (I) and of binuclear 
muscle cells (2) in rabbit fetuses. Here and in 
Figs. 3-5: abscissa, time after operation (in 
days); ordinate, number of dividing muscle cells. 

Fig. 3. Number of mitoses (I) and binuclear 
cells (2) in new born rabbits. 

the cellular level.  It has now been shown that d i rect  division does not exist and that so-cal led  binuclear myo-  
cardial cells a r i se  mainly in ear ly  ontogeny as a resul t  of incomplete mitoses  [3]. The binuclear cells found 
in mammals  a re  mainly polyploid. The formation of binuclear cells in postnatal ontogeny thus leads to poly- 
ploidy of the myocardia l ,  and this, together  with hyper t rophy of the myocytes ,  l ies at the basis of growth and 
differentiation of heart  muscle  t issue in mammals  af ter  birth [3]. Analysis  of the prol iferat ive activity of 
heart  muscle  cells,  in the present  investigation, emphasized the unique relationship between the number of 
mitoses  in muscle  cells and the number of binuclear cells (Figs. 2 and3). As Figs.  2 and 3 show, in rabbit  
fetuses,  with a high mitot ic  index, the number of binuelear myocytes  was small .  Since, in the modern view, 
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Fig. 4. Fig. 5. 

Fig. 4. Number of binuclear  cells in normal  
heart  (1) and after  mechanical  t rauma to heart  
(2) in rabbit fetuses. 

Fig. 5. Number of binuclear cells under normal 
conditions (i) and after mechanical trauma to the 
heart (2) in newborn rabbits. 

binuclear myocytes  ar ise  as a resul t  of incomplete mitoses  [3], it is logical to suggest that if in rabbit fetuses 
many mitoses  in myocytes  were incomplete,  the number  of binuclear  myocytes  ought to depend di rec t ly  on the 
number of mitoses  in muscle cells. Since this was not observed in the present  case, it can be safely concluded 
that most mitoses  in myocytes  completed in the myocard ium of rabbit fetuses go on to division, and only a 
small  proport ion of mitoses  resul ts  in the format ion of binuclear  cells, i .e.  in polyploidy of the myocardium.  

In newborn animals the relat ionship between mitoses  in muscle cells and the number of binuclear myo-  
cytes was of a different charac ter .  The number of mitoses  in myocytes  was re la t ively small ,  but at the same 
t ime the number of binuclear  cells was large .  Consequently, in newborn rabbits mitoses  in myocytes  mainly 
went on to polyploidy of the myocard ium and not to prol i ferat ion of cardiomyocytes .  

Previous ly  the wri ter  stated that af ter  mechanical  t r auma to the myoeardium in fetuses and newborn rab-  
bits mitotic activity of the myocytes  was activated [6]. This effect was much more  marked in fetuses than in 
newborn rabbits.  However, as the resul ts  of the present  investigation show, it is not only this which determines  
the difference in the charac te r  of regenera t ion in fetuses and newborn rabbits .  The data given above are  evi-  
dence that it depends above all on how mitoses  are real ized in muscle  cells. In fetuses they mainly end in p ro -  
l i ferat ion of myocytes ,  and complete cel lular  regenera t ion of the myocard ium takes place at this age. In new- 
born rabbits mitoses  in myocytes  mainly go on to polyploidy of the myocardium,  and complete cellular regen-  
erat ion does not take place at this age. 

It was shown in [6] that t r auma  inflicted on the fetal myocard ium leads to the ea r l i e r  appearance of c r o s s -  
s t r ia t ion in f ibers  of the newly formed t issue.  In addition, if curves charac ter iz ing  the number of binuclear 
myocytes  in the myocard ium of fetuses and newborn rabbits under normal  and experimental  conditions are com- 
pared (Figs. 4 and 5) it will be seen that t r auma  intensifies the process  of formation of binuelear cells. 

These facts are evidence that minor  t r auma to the myocard ium in fetuses and newborn rabbits  leads to 
activation of polyploidy, i.e., ult imately it activates differentiation of the rabbit myocard ium in ear ly  postnatal 
ontogeny. 

Analysis  of the prol iferat ive activity of the myocard ium in fetuses and newborn rabbits thus shows that 
the major i ty  of mitoses  in myocytes  in fetuses terminate  in prol i ferat ion of the heart  muscle cells.  This evi-  
dently l ies at the basis  of the complete cellular  regenera t ion of the myoeard ium in this stage of ontogeny. In 
newborn rabbits mi toses  in muscle  cells go on mainly to polyploidy and not to prol i ferat ion of cardiomyocytes .  
These resul ts  also are evidence that minor  t r auma to the heart  induces activation of myocardia l  differentiation 
in fetuses and, to a g rea te r  degree,  in newborn rabbits .  
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