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It is concluded from a study of the mitotic activity of hear t  muscle  cells from rats  whose 
myocardium was injured immediately a f te r  birth that regenerat ion does not take place by 
hyperplasia  of the muscle cel ls .  The e l ec t ron -mic roscop ic  findings Suggest that even in 
ear ly  ontogeny the res tora t ion  of function of the damaged myocardium takes place chiefly 
by intensification of in t race l lu lar  hyperplast ic  p roces ses ,  i .e. ,  by hypertrophy of the cel ls ,  

Hypertrophy is known to play an important  role in the compensation of disturbed myocardia l  function, 
The possibi l i t ies  for  hyperplast ie  in t race l lu lar  p rocesses  in the adult human myocardium are  very  great ;  
in some cases  the weight of the human heart  may exceed 1000 g [3], and occasionally it may reach 2340 g 
[4]; this is considered to take place mainly on account of hypertrophy of the cel ls .  Hypertrophy can occur  
in newborn infants with congenital defects [2]. 

The object of this investig'ation was to determine the moment  of development at  which in t racel lu lar  
hypet~plastic p rocesses  begin to piny a role in the compensation of disturbed myocardia l  functions and their  
relat ionship to mitotic cell division of the muscle  cells af ter  death of a localized area  of the myocardium 
in ear ly  ontogeny. 

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 the myocard ium of newborn ra ts ,  A measured  burn of the an te ro -  
la teral  wall of the left ventr icle  was inflicted on 16 rats which were killed 1, 3, and 6 days af ter  the Opera- 
tion. The myocard ium of 16 rats  from the same l i t ters  as the experimental  animals  and sacr i f iced s imul-  
taneously with them, acted as the control.  The hear t  was embedded in paraffin wax and hzstotogicaI sections 
were stained with Heidenhain's i ron-hematoxyl in ,  The number  of mitoses of the muscle  cells in the myo-  
cardium of the left ventr ic le  was counted in day-old rats  under normal  conditions and also in the injured 
myocardium - around the site of injury (excluding the zone of react ive changes) and some distance from it. 
The number  of mi toses  in 5000 muscle  cells was counted in each of these a reas ,  Statistical analysis was 
car r ied  ou ton  the M-220 computer ,  The absolute number  of mitoses of the muscle  cells in 300 fields of 
vision in each case was analyzed in the myocardium of ra t s  (12) aged 3 and 6 clays. 

Pieces  of myocardium were  excised for  e l ec t ron -mic roscop ic  investigation 24 h af ter  injury from the 
region of damage (1-1.5 mm away from the visible boundary) and also from the myocardiurn of the left 
ventr icle  some distance f r o m  the site of injury (3 animals) .  The myocardium of 3 intact day-old rats 
acted as the control .  The mater ia l  was fixed in OsO 4 and embedded in AraIdite.  UItrathin sections were 
cut on the LKB-4800A ul t ra tome,  stained with Iead salts,  and studied in the IEM-100V electron microscope .  

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

The mitotic activity of muscIe ceils was at a minimum in the region of injury 24 h a f te r  the operation 
1.675~ 0.411~ from the controI significant). Some distance from the site of injury it was higher 
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Fig. 1. Scheme of distribution of mitoses  in 
muscle  ceils in myocardium of newborn rat .  
Number of mi toses  shown by bars  in c o r r e -  
sponding neighboring fields of vision (squares). 
Horizontal lines separa te  individual observa-  
tions. 

Fig. 2. Elect ron mic rograph  of myocardium 
some distance from site of injury 24 h af ter  
burning of the newborn ra t  heart :  groups of 
r ibosomes are  formed into chains, continued 
as bundles of myofi laments  not yet  forming 
differentiated myofibrf ls  (30,000 x). 

Fig.  3. Elect ron mic rograph  of myocard ium in 
region of injury 24 h a f te r  burning of the hear t  
in a newborn rat :  destruction of cr is tae ,  c l ea r -  
ing of the matr ix,  and swelling of the mitochon-  
dria can be seen; r ibosomes are  in intimate 
contact with the newly formed myofi laments  
(40,000• 

(on the average  by 1.38 ~- 0.2740/00), but it was not as 
high as mitotic activity in the same par t  of the myo-  
cardium of the intact rats  (4.333 =~ 0.847~ 
in the muscle  cells were i r regu la r ly  distributed in 
the myocardium of the newborn rat  (Fig. 1). Counting 
them (the bars  in Fig. 1) in consecutive fields of vision 
(squares) showed that fields with increased mitotic 
activity a l ternated more  or  less  uniformly with fields 
in which it was absent o r  considerably reduced. This 
was presumably  evidence of functional and pro l i fe r -  
ative heterogeneity of the myocardium at the t ime of 
investigation. Fields with increased mitotic activity 
were  presumably  mainly zones of growth, while fields 
with reduced activity were zones per forming mainly 
a specific function. 

E lec t ron -mic roscop ic  investigation of the myo-  
cardium of the normal  newborn rat  shows definite 
heterogeneity of the u l t ras t ruc ture  of the muscle cells 
forming the different par t s .  Some muscle cells contain 
many myofibrt ls  lying close together,  in which relat ively 
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TABLE 1. Number of Mitoses in 
.r of Left  Ventricle of In- 
jured and Intact Rat Hear ts  

Age of 
animal 
(in days) 

Experimental 
rlewborrl raL~ 

300/47 
300/131 
300/125 

Control 
rats 

300/120 
300/170 
300/125 

Total 900/303 Total900/415 
300/78 300/75 
300/48 300/79 
300/122 300/93 

Total 900/248 Total 900/247 

Note. Number of fields of vision in 
numera tor ,  number  of mi toses  in 
denominator .  

c lear ly  defined m -  and z-bands,  having numerous 
cr i s tae  in their  mitochondria,  can be seen~ Usually it 
is impossible to observe any considerable number  of 
f ree  r ibosomes in these celIs and the clusters  of r ibo-  
somes  a re  comparat ively small .  In other  cells the 
myofibri ls  a re  thinner, consis t  of fewer myofi laments,  
often with an i r r egu la r  course,  and thei r  organization 
ref lects  the lower degree of differentiation than in the 
cells descr ibed above. Collections of r ibosomes 
between the myofibr i ls ,  somet imes  large ,  are  a special 
feature of these cells.  Many large inclusions of 
l ipids,  varied in shape, a re  formed in both types of the 
cells descr ibed above. These e lec t ron-mic roscop ic  
differences between the muscle cells of the normal  
myocardium of the young rats ,  like the i r r egu la r  con- 
centrat ion of the mitoses ,  presumably  ref lect  variat ion 
in the functional state of the muscle  cel ls .  

In the myoeardium of the left ventricle of the newborn animals undergoing the operation cells in 
which the distribution of the r ibosomes deserves  attention were frequently found some distance from the 
focus of injury. These r ibosomes  often covered considerable a reas  and, in addition, the groups were of 
different s izes .  UsualIy these groups were found close to the myofibri ls  and the r ibosomes in them were 
formed into chains, which continued as bands of myofi laments ,  often not yet forming definitive myofibr i ls .  
Chains of r ibosomes could be seen inside a fully formed myofibri l ,  in which they were a r ranged  paral lel  
to its length (Fig. 2). Mitochondria were seen among the formed myoflbri ls  and ceil granules.  

In the region of injury the u l t ras t ruc tu re  of the muscle  cells had much in common with that found in 
areas  remote  from the injury. However, in this case changes were also present  in the mitochondria,  with 
f ragmentat ion of the c r i s tae  and loss  of detail of their  internal s t ruc ture .  Compared with other  a reas ,  
polymorphism in the size of the mitochondria  was more  marked  and i r regula r ly  shaped nuclei appeared 
(Fig. 3), while Iysosomes  were found in some cel ls .  No lipid inclusions were seen in cells f rom different 
parts  of the injured myocard ium.  

On the basis of these light and e l ec t ron -mic roscop ic  observations the following conclusions can be 
drawn concerning p rocesses  taking place in the normal  and injured myocardium of day-old ra ts .  

Cells with relat ively few r ibosomes and with a distinct s t ruc ture  of the myofibri ts  for  that age evi-  
dently ref lect  a state charac te r ized  chiefly by the contract i le  function in the normaI myocardium at the t ime 
of investigation. The r educed  contracti le functions and correspondingly increased  synthetic function were 
ref lected by the appearance of cells with l a r g e r  a reas  of r ibosomes and with less highly differentiated myo-  
f ibr i ls .  Lipid inclusions in cells of different parts can evidently be regarded as an indicator of the existing 
energy r e se rves  in the normal  myocard ium.  

Af ter  t rauma to par t  of the myocardium the deficit of function in a reas  remote  from the injury is 
caused by intensification of in t racel lu lar  hyperplast ie  p rocesses .  The number of diffusely sca t te red  r ibo-  
somes ,  often in intimate connection with the newly formed myofi laments  (Fig. 3), was increased in many 
of the cells.  Disappearance of the lipid inclusions charac te r izes  the energy mobilization of the myocardium,  
in which the prol iferat ive activity of the muscle  cells is reduced. 

At the site of injury the functional loads a re  increased still fur ther  compared with the preceding areas  
and the degree of cell prol i fera t ion is reduced. The contribution of in t raeel lu lar  regenerative processes  
increases  correspondingly.  These are  charac te r i s t i c  of the pathohistological phenomenon of hypertrophy 
of the hear t  muscle cel ls .  

The p rocesses  descr ibed above develop toward the end of the f i r s t  day af ter  injury. La te r  the mitotic 
activity of the muscle  cells in the injured hearts  r i ses ,  but, in absolute t e rms ,  according to the results  of 
these investigations (Table 1), above the level of activity existing in intact hear ts  of young rats  f rom the 
same l i t ters  as the experimental  animals .  Similar  resul ts  were obtained by Akhabadze and Olenina [1] 
with young rats  whose parentage was not specified. 

Structural  compensation in the myocardium with a focus of injury thus takes place, even during the 
period of mitotic activity of the muscle  ceils,  largely  on account of in t raeel lu!ar  regenerat ive p rocesses .  
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