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F r o m  the  f i r s t  to the  15th d a y  of e x p e r i m e n t a l  i n f a r c t i o n  of t he  l e f t  v e n t r i c l e  the  n u m b e r  of 
D N A - s y n t h e s i z i n g  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  was  i n c r e a s e d  in the  a u r i c l e  and a t r i u m  
of the  r a t  h e a r t .  The  n u m b e r  of l a b e l e d  m y o c y t e  nuc le i  r e a c h e d  a m a x i m u m  on the  5th day  
of the  e x p e r i m e n t  and the  n u m b e r  of m i t o s e s  in the  m u s c l e  c e l l s  of the  a u r i c l e  on the 7th 
day .  In the  m u s c l e  c e l l s  of the  a t r i u m  v e r y  few nuc le i  wi th  i n c o r p o r a t i o n  of [3H]thymidine 
and only s o l i t a r y  p a t h o l o g i c a l  m i t o s e s  w e r e  o b s e r v e d .  A f t e r  he a l i ng  of the  i n f a r c t  an i n -  
c r e a s e d  n u m b e r  of p o I y p l o i d  nuc le i  was  o b s e r v e d  in the  e a r d i o m y o e y t e s  of the  a u r i c l e  and 
a t r i u m .  
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The  m o r p h o l o g i c a l  m a n i f e s t a t i o n  of i s c h e m i c  h e a r t  d i s e a s e  can  of ten  be  o b s e r v e d  in the  t i s s u e s  of the  
a u r i c l e  and a t r i u m  [5, 10].  T h e  s p r e a d  of the  n e c r o t i c  p r o c e s s  f rom the  v e n t r i c l e s  to the  a t r i u m  l e a d s  to c l i n -  
i c a l  c o m p l i c a t i o n s  and i s  o f ten  the  c a u s e  of  sudden  dea th  [12]. The  s tudy  of the  c h a r a c t e r  and i n t e n s i t y  of  
r e p a i r  p r o c e s s e s  in  the  c e i l s  of the  a u r i c l e  and a t r i u m  is thus  of c o n s i d e r a b l e  i n t e r e s t .  However ,  the  p o s s i -  
b i l i t y  of the  a c t i v a t i o n  of DNA s y n t h e s i s  in t he  n u c l e i  of the  m y o c a r d i a l  c e l l s  of the  a u r i c l e  and a t r i u m  and of  
t h e i r  m i t o t i c  d i v i s i o n  u n d e r  cond i t i ons  of e x p e r i m e n t a l  m y o c a r d i a l  i n f a r c t i o n  r e m a i n s  a m a t t e r  fo r  d e b a t e  [8], 
and d i f f e r e n t  w o r k e r s  hold  o p p o s i t e  v iews  on th i s  m a t t e r  [1-3, 9, 11]. 

In the  i n v e s t i g a t i o n  d e s c r i b e d  be low an a t t e m p t  was  m a d e ,  on the  b a s i s  of d a t a  of a u t o r a d i o g r a p h y ,  c y t o -  
p h o t o m e t r y ,  and count ing  the  n u m b e r  of m i t o s e s  in the  m y o c y t e  nuc le i ,  to d e t e r m i n e  w h e t h e r  DNA s y n t h e s i s  
is  a c t i v a t e d  in the  m u s c l e  c e l l s  of  the  a u r i c l e  and a t r i u m  of r a t s  a t  v a r i o u s  s t a g e s  of i n f a r c t i o n  of the  l e f t  

v e n t r i c l e .  

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

The  d e s c e n d i n g  b r a n c h  of the  c o r o n a r y  a r t e r y  was  t r a n s f i x e d  and  l i g a t e d  i m m e d i a t e l y  be low the  l e f t  
a u r i c l e  in 23 n o n i n b r e d  m a l e  a lb ino  r a t s  we igh ing  90-100 g. T h e  a n i m a l s  w e r e  k i l l e d  1, 2, 3, 5, 7, 15, 20, and 

T A B L E  1. N u m b e r  of M i t o s e s  of M y o c y t e s  and D N A - S y n t h e s i z i n g  Nuc le i  in A u r i c l e  and 
A t r i u m  at D i f f e r e n t  T i m e s  of Hea l i ng  of M y o c a r d i a l  I n f a r c t s  in Ra t s  (M �9 m) 
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Fig. 1. Labeled nuclei of ca rd iomyocy te s  
in ra t  au r i c l e  on 5th day of infarc t ion (1600 x). 

90 days  a f t e r  the beginning of the exper iment .  P a i r s  of intact  r a t s  we re  decapi ta ted at the beginning and end 
of the exper iment .  All the an imals  r ece ived  an in t raper i tonea l  inject ion of [3H]thymidine in a dose of 1 pC i /g  
(specific act ivi ty 12.5 C i /mmole )  2 h before  sac r i f i ce .  The hea r t s  we re  fixed in Carnoy ' s  fluid. Sections 5 p 
thick w e r e  coated with 5 M emuls ion,  developed,  and t r ea t ed  in the usual  way to obtain au toradiographs .  The 
number  of labeled nuclei of musc l e  and connec t ive - t i s sue  ce l l s  p e r  100 f ields of vis ion under  the magnif icat ion 
of 1350x was counted in the left  au r i c l e  and a t r i a  at  each period.  In sect ions  of the s a m e  s e r i e s  s ta ined with 
h e m a t o x y l i n - e o s i n  the mitot ic  index was ca lcu la ted  in the ca rd iomyocy te s  of the au r i c l e  and a t r ium.  P ieces  
of a t r i a  and au r i c l e s  of r a t s  decapi ta ted  90 days  a f t e r  l igat ion of the a r t e r i e s  and of control  can ima l s  of the 
s a m e  age were  homogenized,  f i lms  were  p repa red ,  and these  w e r e  then stained by the Feulgen method (hy- 
d ro lys i s  with 5N HC1 for  45 min  at  20~ s taining with Schiff 's  reagent  fo r  1 h). At each t ime  the DNA content 
was de te rmined  m i c r o s p e c t r o p h o t o m e t r i c a l l y  in 100 nuclei of musc l e  ce l l s  of the aur ic le  and a t r i u m  [6, 7]. 
The mean DNA content  p e r  lymphocyte  nucleus of the s a m e  r a t s  was taken as the s tandard  of ploidy. The 
numer i ca l  r e su l t s  were  subjected to s t a t i s t i ca l  ana lys is .  

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

During expe r imen ta l  infarc t ion  of the lef t  ven t r i c l e  i schemic  loci  of necros i s  we re  obse rved  in the a t -  
r i u m  and au r i c l e  of all  the ra t s ;  the s ize  and number  of the foci  d i f fered  in different  an imals ,  and this explains 
the var iab i l i ty  of the numer i ca l  indices of p ro l i f e r a t ive  act ivi ty  of the s t r o m a l  ce l l s ,  espec ia l ly  in the ea r ly  
per iod of infarc t ion (Table 1). Star t ing with the 1st  day of the exper iment ,  the number  of nuclei o f  connect ive-  
t i s sue  ce l l s  in the a t r i u m  to have  incorpora ted  [3H]thymidine was twice or  th ree  t imes  g r e a t e r  than in the 
control .  Af ter  the second week of the expe r imen t  the i r  number  dec reased ,  and by the 20th day it was  s ignif i -  
cant ly  l e s s  than in the cont ro l  (P < 0.001). 

In the aur ic le  as ea r ly  as 24 h a f t e r  the beginning of  the expe r imen t  the number  o f  labeled connect ive-  
t i s sue  nuclei was inc reased  by m o r e  than 4 t imes  c o m p a r e d  with the control .  During the f i r s t  5 days of in-  
f a rc t ion  t he i r  number  st i l l  r ema ined  high, then began to fal l ,  and by the 1.5th day of the exper imen t  it has r e -  
gained the control  level.  The  number  of nuclei  to have  incorpora ted  [3H]thymidine 90 days  a f t e r  the beginning 
of the expe r imen t  was actual ly  s m a l l e r  than in the control  an imals  (P < 0.001). 

Although the musc le  f i be r s  of the au r i c l e  we re  thin and s o m e t i m e s  chaot ical ly  a r ranged ,  the p r e s e n c e  
of incorpora t ion  of labeled thymidine  in the  nuclei of the ca rd iomyocy te s  of the au r i c l e  is in no doubt, whereas  
in the control  r a t s  and in r a t s  ki l led dur ing the f i r s t  3 days of infarct ion only so l i t a ry  labeled myocy te  nuclei 
we re  found, on the 5th day of the exper imen t  the i r  number  had inc reased  by m o r e  than 20 t imes  and it r ema ined  
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Fig. 2. Pathological  mi to ses  of ca rd iomyocy te s  in aur ic le  (a) and a t r ium (b and c) 20 and 90 days a f t e r  the 
beginning of infarc t ion (1600x). 

Fig. 3. Polyploid nuclei  of ca rd iomyocy tes  of aur ic le  of r a t  
myoca rd ium 90 days  a f t e r  beginning of infarct ion (650x). 

high until the 20th day of the exper iment .  Myocyte nuclei with incorpora t ion  of [3H]thymidine were  found in 
musc l e . f i be r s  of the  au r i c l e  cut both longitudinally and t r a n s v e r s e l y  (Fig. 1). After  3 days  and until t h e  end 
of the exper iment  f igures  of mitot ic  divis ion were  obse rved  in the myocy tes  of the aur ic le ;  mi to ses  we re  
pa r t i cu l a r ly  numerous  in myocy tes  on the 7th day of infarct ion.  Among mi toses  of au r i cu la r  c a r d i o m y o -  
cytes  t he r e  w e r e  s o m e  pathological  f o r m s  (mainly C mi toses ) ,  espec ia l ly  in the late  s tages  of the exper imen t  
(Fig. 2a). 

Compared  with the aur ic le ,  labeled nuclei in musc l e  cel ls  of the a t r i um were  r a re :  the probabi l i ty  of 
incorpora t ion  of [3H]thymidine was 1.8 and 0.17% respec t ive ly .  Since it was doubtful whether  some  of the 
labeled  nuclei  belonged to musc l e  ce l l s ,  and s ince the individual va r iab i l i ty  of the number  of labeled nuclei 
was high, it mus t  be a s s u m e d  that  the incorpora t ion  of [3H]thymidine into myocy te  nuclei in the a t r ium of 
r a t s  of this  age is random in c h a r a c t e r .  The exception was the seventh  day of infarct ion,  when the number  
of labeled myocy te  nuclei  was s ignif icant ly g r e a t e r  than in the control  (P < 0.05). The above hypothesis  was 
conf i rmed  by the d i scove ry  of s ingle m i t o s e s  in the musc le  ce l l s  of the a t r ium (Fig. 2b, c). A spec ia l  f ea tu re  
of the mi to se s  was the i r  pathological  c h a r a c t e r  (C mi toses  with sca t t e r ing  of the ch romosomes ) .  F u r t h e r -  
more ,  at the s a m e  per iods  of the exper imen t  mie ronuc le i  we re  obse rved  to a p p e a r  in the myoeytes ,  evidently 
on account  of pathological  m i t o s e s  [4]. Both in the aur ic les  and in the a t r i a ,  bes ides  ~paired ~ (lying side by 
side) nuclei,  myocyte  nuclei  of l a rge  s ize  w e r e  found (Fig. 3). This  probably  points to the ex is tence  of addi -  
t ional  p r o c e s s e s  a imed  at  compensa t ing  fo r  the sha rp ly  inc reased  function of the remain ing  ce l l s .  Amitot ic  
divis ion and polyploidizat ioa  of the  ca rd iomyocy t e  nuclei could be p r o c e s s e s  of this type.  
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Microspec t rophotomet r ic  investigations of the DNA content in the nuclei of the muscle  ceils  of the 
aur ic le  and a t r ium conf i rmed this suggestion. F o r  instance,  the number  of te t raploid  and octapioid myocyte  
nuclei in ra t s  kil led 90 days a f te r  the beginning of the exper iments  amounted to 4 and 1%, and in the aur ic le  
2 and 2%. The number  of te t raploid  myocyte  nuclei in intact  ra ts  of the same age was 2% in both the aur ic le  
and the atr ium. The "paired" myocyte  nuclei in the animals of the exper imental  group in this case  were  di-  
ploid, indirect  evidence that amitos is  of myocyte  nuclei is connected with DNA synthesis .  

In infarct ion of the left  ven t r ic le  the t empora l  and quantitat ive cha rac te r i s t i c s  of connect ive- t i ssue  cel l  
pro l i fera t ion  a r e  thus approximately  identical  in the aur ic le  and a t r ium.  Activation of DNA synthesis  in the 
nuclei of the muscle  cel ls  of the aur ic le ,  in the w r i t e r s '  view, is the resu l t  of the increased  hemodynamic func-  
tion of the organ associa ted  with t e f t -ven t r i cu la r  fai lure,  leading to an inc rease  in the s ize  of the aur ic le  in 
the late s tages of infarction.  This does not ru le  out the possibi l i ty  of pro l i fera t ion  of some myocytes  in r e -  
sponse to injury [9]. Whereas incorporat ion of [3H]thymidine in the aur ic le  of the ischemic hear t  followed by 
mitosis  of the myocyte  nuclei is combined with o ther  methods of increas ing the quantity of genetic mater ia l ,  
in the a t r ium incorporat ion of [3H]thymidine like mitotic division of the myocyte  nuclei, is a r a r e  phenomenon. 
The pathological c h a r a c t e r  of all the mi toses  found in myocyte  nuclei in the a t r ium emphasizes  the atypical  
and random c ha r ac t e r  of this type of r egenera t ive  response.  The increase  in the total quantity of nuclear  DNA 
in the muscle  cel ls  of the ra t  a t r ium takes place as a resul t  of polyploidization and also, possibly,  of amitotic 
division of the ca rd iomyocyte  nuclei, and the ro le  played by each of these  two p roces se s  may dif fer  in impor -  
tance.  
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