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Aside from distinct indications of differences in the response  of card iomyocytes  in different par ts  of 
the hear t  to injury of the ventr icles  in adult animals [2, 4, 8, 9, 11, 13, 14], data in the l i tera ture  on the level 
of prol i ferat ion of muscle cells af ter  t rauma to the myocardium at an ear ly  age are  few in number and con- 
t radic tory  in nature [ 10]. The facts which exist indicate that the number of mitoses  in the zone of myocard ium 
surrounding the focus of injury in newborn animals is not increased [ 1, 5, 7]. At the same time, we know that 
postnatal growth of the myocard ium in the neonatal period takes place predominantly on account of mitotic 
division of the card iomyocytes  [3, 6, 9, 14, 15]. ~ 

The aim of this investigation was to study the degree and topographic features of prol i ferat ive activity 
of card iomyocytes  during ear ly  postnatal ontogeny in ra ts  and also to determine the level of mitotic activity 
of the cardiomyocytes  in different par ts  of the hear t  af ter  injury to the ventr icular  muscles  in the neonatal 
period. 

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

The growing myocardium of control  intact young ra ts  was studied on the 3rd, 5th, 8th, and 15th days af- 
t e r  birth. F rom eight to 10 rats  were used at each time. The hear t  was fixed in Carnoy ' s  fluid at 10 a.m. 
Paraff in sections 5-7 ~ thick were stained with hematoxylin-eosin.  Mitotic activity of the cardiomyoeytes  was 
determined in the left and right halves of the heart :  in the atria, including the auricles;  in the compact  myo- 
card ium of the two ventr icles;  in their  subepicardial  layer ;  and in the t rabecular  myocardium - in eight Darts 
of the hear t  altogether.  

In each par t  the number  of mitoses  was counted in 3000-4000 cardiomyocytes .  The mitotic index was 
expressed  in promille.  Focal necros i s  of the myocard ium was induced in day-old experimental  ra ts  by the 
method of Dusek et al. [12], by injecting 96 o ethanol in a dose of 0.01 ml into the wall of the left ventricle by 
means of a 0 .5 -ml  tuberculin syringe.  Altogether over 800 young ra ts  had to be used in the experiments  be-  
cause of the g rea t  wastage. Groups of surviving animals,  as in the control ,  consis ted of 8-10 individuals. The 
injured hear t  was fixed on the 2nd, 4th, 7th, and 14th days af ter  the beginning of the experiment.  The mitotic 
activity of the card iomyocytes  was determined in the same par ts  of the hear t  as in the control ,  and also in the 
zone of myocard ium around the injury, i.e., in nine par ts  of the hear t  altogether.  The numer ica l  data in the 
experimental  and control  ser ies  were subjected to s tat is t ical  analysis  by the F i she r -S tuden t  method. 

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

Considerable individual variat ions in mitotic activity of the card iomyocytes  in different par t s  of the 
hear t  were observed in the growing myocardium of individual animals.  Meanwhile, two quite dist inct  tenden- 
cies were noted f rom the very  f i r s t  days af ter  birth. The f i r s t  was that the number of mi toses  in the left half 
of the hear t  was g rea t e r  than in the right (Table 1). These differences were par t icu lar ly  c lear  in the compact  
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TABLE 1. Mitotic Activity of Cardiomyocytes  {in ~ in Different Parts  of the Heart of 
Control and Experimental  Rats (M + m) 

Group of 
animals 

< 

Control 

ExperimentaI 1 ! 

1! 

atria, auricles 

left I right 

16,54-2,3 11 ,34- I ,7  
7 , 2 •  8 , 0 •  
4 , 1 •  4 , 7 •  
t , 9 •  0 , 9 •  
1,44-0,4 1 , 0 •  

17,99=3,9 1 4 , 3 •  
1 0 , 7 •  1 0 , 7 •  
1 4 , 0 •  1 2 , 9 •  

Parts of the heart 
subepiea~lialzone ofl compact myocardium 
m.Yocardi~m of yen- I of ventricle 
t r l C l e  . 

1 12,4+__4,2 9 , 3 •  12 ,27 •  8 , 6 •  
7 , 4 •  5 . 0 ~ 1 , 6  5 , 8 •  4 , 3 •  
6.4 4-0,9 ~ 5.6=t=1,0 3 . 7 •  4 , 1 •  
1,7_4-0,3 I - -  - -  
2 , 1 •  

1 s , 6 •  I 9 , t 4 - 1 , 6  7 , 0 ~ 2 , 4  S,8 '~ 1,2 
9 , 8 •  I 6 ,24-1 ,8  4,64-1 1 

3 ,7 " •  0 , 5 •  0 , 4 •  4 ' 6 •  , 4,9:t :1,6 

trabecular myoear- 
dium of ventricle 

8 , 2 •  7 ,6 : t : I ,4  
7 , 9 •  6 , 0 •  
6 , 6 •  6 , 8 •  
0 , 7 •  0 , 5 •  
2 , 1 + 0 . 4  0 , 9 •  
9 ,44-1.8  9 , 4 •  
7,7:1=1,1 ' 1 0 , 5 •  
1 , 6 •  1 , ! •  

mvoeardium 
a r~o.u n a  f o c u s  
oi  mjury 
on left side 

m 

m 

0 , 7 + 0 , 3  
7 , 1 •  
4,8_+0,7 
1 , 1 •  

Fig. 1. Necrotic  focus in left ventricle of my-  
ocardium of newborn rat on 2nd (a) and 14th 
(b) days after injury. Hematoxylin-eosin,  
200•  

myocardium on the 3rd day after birth of the rats (P > 0.99).  This can evidently be attributed to the fact that 
immediately  after birth the hemodynamic load on the left side of the heart is sharply increased. In conse-  
quence of this the left ventricle  grows more  rapidly than the right, and the width of its wall  soon becomes  ap- 
preciably greater than the width of the wall of the right ventricle.  The second tendency was a more  frequent 
appearance of mi toses  in the myocytes  of the atria and auricles ,  the subepicardial layer of the ventric les ,  and 
the trabecular myocardium than in the compact myocardium. This was seen most  c learly  in rats approaching 
2 weeks  of age. 

Onthe whole, the mitotic activity of the cardiomyocytes  in all parts of the heart was sharply reduced as 
early  as on the  5th day after injury, and by the age of 2 weeks  it did not e sceed  1-2% (Table 1). 
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Fig. 2. Mitotic activity of cardiomyocytes during growth of 
the heart and after its injury in the neonatal period on the 
2nd and 4th days after trauma (a) and on the 7th and 14th 
days (b). Cross-hatched columns indicate different parts 
of the intact heart, obliquely shaded columns - injured 
heart. Abscissa, parts of the heart in which mitoses were 
counted: I and II) left and right atria and auricles; III and 
IV) left and right subepicardial zones of ventrieular myo- 
eardium; V and VI) compact myoeardium of left and right 
ventricles; VII and VIII) trabecular myocardium on left 
and right sides; IX) myoeardium around focus of iniury~, 
ordinate, mitotic index (in ~ 

After  injection of 96 ~ ethanol into the wall  of the left  ven t r ic le  a necrot ic  focus measu r ing  f r o m  40 x 103 
to 120x 103 t~ 2 in a r e a  was fo rmed  in the wall  of the left  ven t r ic le  and ve ry  c lose ly  r e s e m b l e d  a myocard ia l  
in farc t  such as  could be induced in adult r a t s  by l igation of a b ranch  of the co rona ry  a r t e r i e s  [ 10, 11, 14]. 
However,  by con t ras t  with adult an imals ,  in day-o ld  r a t s  on the 2nd day a f te r  t r a u m a  the in f l ammato ry  r e a c -  
tion around the focus of injury was e x t r e m e l y  poor ly  developed or ,  in some cases ,  comple te ly  absent  (Fig. l a ) .  
F u r t h e r m o r e ,  in young r a t s ,  bothin the healthy myoea rd ium around the focus of injury and in the r e m a i n d e r  of 
the hear t ,  mi tot ic  act iv i ty  of the ea rd iomyocy tes  was e x t r e m e l y  d e p r e s s e d  compared  with the control  (Table 1). 

However,  by the 4th day the p ro tec t ive  reac t ion  of the hea r t  to injury was m o r e  complete :  A leukocytic 
b a r r i e r  could be  c l ea r ly  seen around the focus of nec ros i s ,  and mitot ic  act ivi ty  of the ca rd iomyocy tes  in all 
p a r t s  of the hea r t  was much higher than at the prev ious  t ime of invest igat ion and in the control  (Fig. 2a; P = 
0.99). Mitoses  we re  pa r t i cu l a r ly  numerous  in the ca rd iomyoey tes  of both a t r ia ,  the subepicard ia l  l a y e r  of 
the ven t r ic les ,  and the t r a b e e u l a r  myocard ium.  

Meanwhile, the number  of mi to ses  in ca rd iomyocy tes  surrounding the focus of in jury did not s ignif icantly 
exceed the number  of mi toses  in the compac t  m y o c a r d i u m  of the left  ven t r ic le  of control  5-day-old  ra t s .  The 
mitot ic  act ivi ty of the ea rd iomyocy tes  around the necrot ic  focus l ikewise was not i nc reased  at l a t e r  t imes  of 
observa t ion  (on the 7th and 14th days a f t e r  the opera t ion) .  On the con t ra ry ,  often it was equal to the control  
values  or  could even be lower  (Table 1). Growth of s c a r  t i ssue and resolut ion of the necrot ic  m a s s e s  took 
p lace  quite slowly. The necrot ic  debr i s  could often be  c l ea r ly  obse rved  even 2 weeks a f te r  in jury to the hea r t  
(Fig. lb ) .  The r eason  for  tMs could poss ib ly  be  that  the number  of mi toses  in all  the remain ing  pa r t s  of the 
injured hea r t  was higher than in the contro l  on the 8th and 15th days  of l ife (Fig. 2b). 

Three  main conclusions can be drawn f r o m  the r e su l t s  of this invest igat ion.  F i r s t ,  in d i f ferent  pa r t s  of 
the hea r t  the degree  of mitot ic  act iv i ty  among the c a r d i o m y o c y t e s  va r i e s .  This is conf i rmed  a lso  by data in 
the l i t e r a tu re  obtained p rev ious ly  with the aid of rad ioac t ive  thymidine [6, 9]. Second, the abil i ty of the ca rd i -  
omyoeytes  to undergo mitot ic  division during postnata l  growth of the hea r t  musc le  does not enable pe r f ec t  r e -  
pa i r  to take place  if  a defect  of the musc le  is formed.  Jus t  as in adult an imals ,  the necrot ic  p a r t  of the m y o -  
ca rd ium in newborn ra t s  is u l t imate ly  rep laced  by a sca r .  Third, in young animals ,  jus t  as in adults [2, 4, 9, 
11, 13, 14], a f te r  injury to the ven t r i cu la r  myoca rd ium the mitot ic  act iv i ty  of the ca rd iomyocy tes  is c o n s i d e r -  
ably increased ,  not in the zone of the myocard ia l  defect,  but in other  pa r t s  of the hea r t  (a t r ia  and aur ic les ,  
subepieard ia l  l a y e r  of the myoca rd inm of both ven t r ic les ,  t r abecu l a r  myoca rd ium) .  This fact  is evidence that  
the hea r t  responds  at  any age to any local  t r a u m a  as a s ingle entity. 
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The ro le  of the blood pro te ins  in m e c h a n i s m s  of pos t t r aumat i c  r egenera t ion  of bone t i s sue  has been in- 
adequately studied. It has been sugges ted  that  s e r u m  prote ins  and blood mueopolysacchar ides ,  which a r e  de-  
tec table  in cal lus ,  p romote  r egenera t ion  of bone t issue [2, 3, 5-7] by s t imulat ing pro l i fe ra t ion  of bone cel ls  
[ 8, 9]. Never the less ,  the pa r t i cu l a r  fea tu res  of pos t t r aumat i c  dyspro te inemia  and the ro le  of the p r o t e i n -  
ca rbohydra te  complexes  of the blood in the fo rmat ion  of the organic  mat r ix  of regenera t ing  bone st i l l  r ema in  
inadequately studied. 

The object  of this invest igat ion was a quanti tat ive study of the pro te in ,  l ipoprotein,  and p r o t e i n - c a r b o -  
hydra te  components  of blood and cal lus  in r a t s  in the acute s tage of bone t r auma.  

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

Exper imen t s  were  c a r r i e d  out on 145 Wis t a r  r a t s  weighing about 100 g. B i la te ra l  c losed f r a c t u r e s  of 
the f e m o r a l  d iaphyses  we re  produced under  pentobarbi ta l  anes thes ia  (20 m g / k g ) .  Blood was taken fo r  tes t ing 
individually f r o m  each animal  on the 1st, 2nd, 3rd, 5th, 7th, and 10th days a f t e r  t r auma.  Total  s e r u m  prote in  
was de te rmined  r e f r a c t o m e t r i e a l l y  and pro te in  f rac t ions  by e l ee t rophores i s  on pape r  (Whatman No. 3 MM, 
ba ry t a l  buffer ,  pH 8.6 ). Af ter  e l ee t rophores i s  the s t r ips ,  s ta ined with b romphenol  blue, we re  examined on the 
301E Statron (Eas t  Germany)  in tegrat ing dens i tomete r .  The se romucoid  content  was de te rmined  by the 
method in [4] on the SF-16 spec t ropho tome te r  at 280 ~. Quanti tat ive immunoe lec t rophore s i s  of blood s e r u m  
antigens and antigens of a sal ine ex t r ac t  of cal lus  obtained 7 days a f t e r  in f l i c t ion  of the f r a c t u r e  was c a r r i e d  
out with the aid of an t inormal  rabbi t  s e r u m  [ 1]. Af ter  immunoe lee t rophore s i s  the s t r ips  were  s ta ined for  
p ro te ins  with Coomass i e  blue and for  l ipoprote ins  with Sudan black B. At each t ime blood f r o m  seven or  
eight expe r imen ta l  and/or  seven or  eight contro l  r a t s  (without f r ac tu re )  was invest igated.  To obtain pro te in  
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