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The ventricles of adult mice contain relatively few (hundredths of 1 percent) muscle cells 
which can still synthesize DNA. On the second week of injections of increasing doses of iso- 
propylnoradrenalin the number of  muscle cells synthesizing DNA is increased by 2-3 times. 
The localization of the muscle cells synthesizing DNA is unconnected with the localization 
of necrosis .  The labeling index in the connective-tissue cells is some hundreds of times 
higher than in the muscle cells. The relative number of connective-tissue cells in the intact 
zones of the myocardium is reduced, probably as a resul t  of their migration into foci of 
injury. 

DNA synthesis and the mitotic index in the muscle cells of the ventricles of the mammalian heart  are 
sharply reduced in the ear ly  postnatal period. In adult animals the myocardium of theventricles is re -  
garded as a tissue which virtually does not renew its cell composition [3, 6, 10, 11, 13, 14]. So far as the 
possibility of proliferation of the myocardial cells during regeneration and hypertrophy is concerned, data 
in the l i terature on this question are contradictory [4, 5, 7, 8]. 

The investigation described below was undertaken to study the ability of the muscle and connective- 
tissue cells of the hear t  to synthesize DNA. 

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

Male albino mice weighing 20-25 g received daily injections of isopropylnoradrenalin by the scheme 
described ear l i e r  [1]. Injection of increasing doses of this compound is regarded as the most effective 
method of reproducing rapid hypertrophy of the myocardium together with focal damage [1, 12]. Thymi- 
dine-H 3 with a specific activity of 3.5 Ci/mmole was injected intraperitoneally in a dose of l gC i /g  body 
weight twice a day 6 and 12 h after  the injection of isopropylnoradrenalin. The control animals were in- 
jected with thymidine-H 3 only. The mice of group 1 (five experimental and five control) received isopro- 
pylnoradrenalin and thymidine-H 3 for six days and thenwere  decapitated one day after the last injection of 
thymidine-H 3. The animals of group 2 (eight experimental and five control) received injections of isopro- 
pylnoradrenalin and thymidine-H 3 for 14 days; these mice were sacrificed 1 h after the last injection of 
thymidine-H 3. 

Autoradiographs were prepared by KhrushchevTs method [9] using type M (NIKF1) liquid emulsion. 
After exposure and development the sections were stained with MayerTs hematoxylin. To determine the 
relat ive number of labeled nuclei, 40,000 nuclei of muscle cells and 1,000 to 2,000 nuclei of connective- 
tissue cells (outside the zone of injury) were examined in the sections through the cardiac ventricles.  The 
decision whether labeled nuclei belonged to muscle cells or not was verified by the use of polarized light 
(Fig. 1). 
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T A B L E  1. I n c r e a s e  in  R e l a t i v e  W e i g h t  of the H e a r t  (weight  of 
h e a r t / b o d y  weight)  and  L a b e l i n g  Index  of M u s c l e  and C o n n e c t i v e -  
T i s s u e  C e l l s  in  M y o c a r d i u m  of M i c e  du r ing  I n j u r y  by  I s o p r o p y l n o r -  
a d r e n a l i n  
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F ig .  1. I n c o r p o r a t i o n  o f t h y m i d i n e -  
H 3 into nuc l eus  of a m u s c l e  c e l l :  
a) s t a i n e d  wi th  M a y e r ' s  h e m a -  

EXPERIMENTAL RESULTS 

In the animals sacrificed after injections of isopropylnoradren- 
alin for six days, multiple small loci of necrosis of muscle cells ap- 
peared in the wall of the left ventricle, in its papillary muscle, and in 
the ventricular septum, surrounded by zones of infiltration with leu- 
kocytes and histiocytes. In the animals sacrificedafter administration 
of isopropylnoradrenalin for 14 days the zone of injury to the muscle 
cells was considerably widened. Together with foci of necrosis of the 
muscle cells, extensive cicatrizing granulomas and scars appeared 
[I]. The thymidine label was found very rarely (in hundredths of 1 
percent) in the nuclei of the muscle cells of the heart in both the con- 
trol and the experimental animals, despite the repeated injection of 
the DNA precursor (Table I). Nevertheless, the presence of this label 
in some nuclei, which undoubtedly belonged to muscle cells, indicates 
that the myocardium of adult animals contains a cell population cap- 
able of synthesizing DNA, and also, evidently, of reproducing [7]. 

After death of some of the muscle cells and hypertrophy of the 
rest the number of muscle nuclei synthesizing DNA increased. The 
number of cells synthesizing DNA was clearly less than the number 
of dying cells. It must be emphasized that the labeled muscle cells 
were scattered among the others in no visible order, and their local- 
i z a t i o n  was  u n c o n n e c t e d  wi th  tha t  of the  l oc i  of  i n j u r y .  T h i s  p r o b a b l y  

t oxy l in ,  2000x ;  b) p o l a r i z e d l i g h t ,  i n d i c a t e s  tha t  the  o b s e r v e d  i n t e n s i f i c a t i o n  of DNA s y n t h e s i s  in  the  

n u c l e i  i s  not  the r e s u l t  of a l o c a l  r e a c t i o n  of  the m y o c a r d i u m  to n e c r o s i s  and  tha t  the  p r o c e s s  i s  not  of the  
c h a r a c t e r  of  o r d i n a r y  r e p a r a t i v e  r e g e n e r a t i o n .  

T h e  l a b e l i n g  i n d i c e s  of the  n u c l e i  of  the  m y o c a r d i a l  c e l l s  ob ta ined  in t h e s e  e x p e r i m e n t s  w e r e  l o w e r  
than  those  g iven  by  o t h e r  i n v e s t i g a t o r s  [3, 6, 15]. T h i s  m a y  have  b e e n  due to the  s t r i c t e r  i d e n t i f i c a t i o n  of 
the  m u s c l e  c e l l s  in  the  p r e s e n t  e x p e r i m e n t s .  

A f t e r  s ix  days  of  the e x p e r i m e n t  s o m e  d e c r e a s e  was  o b s e r v e d  in the  l a b e l i n g  index  of  the  c o n n e c t i v e -  
t i s s u e  c e l l s  in the l e f t  v e n t r i c l e  o u t s i d e  the  z o n e s  of i n j u r y ,  whi le  a f t e r  14 d a y s  the  l a b e l i n g  index  was  in -  
c r e a s e d  (Tab le  1). M e a n w h i l e  n e a r l y  a l l  the  c o n n e c t i v e - t i s s u e  c e l l s  of  the  g r a n u l o m a s  i n c o r p o r a t e d  t h y m i -  
d i n e - H  3. The  d e c r e a s e  in the  l a b e l i n g  index of the  c o n n e c t i v e - t i s s u e  c e l l s  a f t e r  i n j e c t i o n s  of  i s o p r o p y l -  
n o r a d r e n a l i n  fo r  s ix  days  was  p r o b a b l y  a s s o c i a t e d  wi th  the c o m m e n c i n g  m i g r a t i o n  of c o n n e c t i v e - t i s s u e  c e l l s  
into the zones  of i n j u r y .  Dur ing  th i s  p e r i o d  the r a t i o  b e t w e e n  the n u m b e r  of  n u c l e i  of m u s c l e  c e l l s  and the  
n u m b e r  of n u c l e i  of  c o n n e c t i v e - t i s s u e  c e l l s  in the  i n t a c t  z o n e s  of the  m y o c a r d i u m  was  1 : (2 .14  :~ 0.15) c o m -  
p a r e d  wi th  1 : ( 2 . 6 3  * 0.28) in  the  c o n t r o l ;  by  the  14th day  of the  e x p e r i m e n t  th i s  r a t i o  was  h (1.37 �9 0.06 
c o m p a r e d  wi th  1 : ( 2 . 3 3  * 0.12) in  the  c o n t r o l .  The  i n c r e a s e  in p r o l i f e r a t i v e  a c t i v i t y  of the  c o n n e c t i v e -  
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tissue cells outside the zones of injury at this period of the experiment may be connected with the making 
good of the loss of cells in these areas.  

The increase in labeling index in the cells of the stroma cannot be regarded as a manifestation of 
"companion hypertrophy" aimed at strengthening the connective-tissue framework of the hear t  [2], for in 
zones in which the muscle fibers were hypertrophied but no foci of necrosis were present thickening of the 
argyrophilic skeleton and the formation of new collagen fibers were not observed [1] while the number of 
connective-tissue cells in these zones, as was pointed out above, was actually reduced. 

L I T E R A T U R E  C I T E D  

1. T . A .  Leont 'eva and L. A. Semenova, Cor et Vasa (Prague), 13, 265 (1971). 
2. F . Z .  Meerson and G. M. Alekhina, Acta Anat. (Basel), 70, 559 (1968). 
3. V.O.  Mirakyan and P. P. Rumyantsev, Tsitologiya, No. 8,964 (1968). 
4. L .V .  Polezhaev, A. V. Akhabadze, N. A. Muzlaeva, et al., Simulation of Regeneration of the 

Heart  Muscle [in Russian], Moscow (1965). 
5. P . P .  Rumyantsev, Dokl. Akad. Nauk SSSR, 100, 601 (1955). 
6. P . P .  Rumyantsev, Folia Histochem. Cytochem., 4, 397 (1966). 
7. P . P .  Rumyantsev, in: Symposium on Regeneration of the Myocardium [in Russian], Erevan (1970), 

p. 10. 
8. N . P .  Sinitsin, in: Mechanisms of Regeneration and Cell Division [in Russian], Moscow (1971), p. 157. 
9. N.G. Khrushehev, Functional Cytochemistry of Connective Tissue [in Russian], Moscow (1969). 

10. I . L .  Cameron, Texas Rep. Biol. Med., 28, 203 (1970). 
11. O. Kling and E. Stocher, Experientia, 24, 167 (1968). 
12. K. Rakusan, H. Tietzova, Z. Turek, et al., Physiol. Bohemoslov., 14, 456 (1965). 
13. R. Sasaki, G. Watanabe, T. Morishita, et al., Tohoku J. Exp. Med., 95, 177 (1968). 
14. R. Sasaki, T. Morishita, and S. Jamagata, Tohoku J. Exp. Med., 96, 405 (1968). 
15. R. Sasaki, T. Morishita, and S. Jamagata, Tohoku J. Exp. Med., 101, 153 (1970). 

852 


