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R E S P O N S E  OF C A R D I O M Y O C Y T E S  OF T H E  

R I G H T  H E A R T  T O  T R A U M A  OF T H E  L E F T  

G. B. B o l ' s h a k o v a  UDC 616.122-001-092.9-07:616.12.3-018.1-076.5 

A myocardial  infarct  in the left ventricle was produced in adult ra ts  weighing 120-160 g by liga- 
tion of the left co rona ry  a r t e ry ;  the left a t r ium was injured$ or a mock operation was performed 
and the per icard ium was removed. On the fifth day after the operation dividing myocytes were 
found in the right a t r ium (mitotic index 0.7-8.8~ and in the subepicardial  zone of the right ven-  
t r ic le  (mitotic index 0.8-2.9O/0o). Inold ra ts  weighing 300-430 g, on the third day after the v a r i -  
ous types of injury to the myocardium, mitotic activity was found in the myocytes of the left 
auricle (1-5.1~ andinone of eight cases  in the right auricle (4.2~ single mitoses  also were 
found in the subepicardial  zone of the left ventricle.  

KEY WORDS: myocardial  infarct;  division of cardiomyocytes ;  right heart.  

This investigation is a continuation of previous work [ 2] which showed that in response to injury to the 
left heart  (infarct of the ventricle,  t rauma to the atrium) and, in some cases ,  in response to a mock operation 
also, cer tain card iomyocytes  in the left a tr ium and the supepicardial  zone of the left ventricle s tar t  to divide 
by mitosis.  With these observations in" mind it seemed important to study the response of the right, intact 
side of the same heart.  There is evidence in the l i terature of an increase in the number of myocytes of the 
ra t  atr ium synthesizing DNA in infarction of the left ventricle [4],  but no quantitative charac te r i s t i cs  of their 
mitotic activity are given in the paper cited. 

The object of this investigation was to study the level of proliferat ion of the myocytes of the right heart  
after t r auma to the left heart. 

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

An infarct of the myocardium of the left ventricle was produced in adult noninbred albino rats  weighing 
120-160 g, the left a tr ium was injured, or a mock operation was per formed with removal  of the per icard ium 
only. F r o m  the 49 ra t s  29 were chosen, in which mitoses  were comparat ively  numerous in the left heart  in 
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Fig. 1. Mitotic index (in %o) of myocytes of right he art of individual animals after 
various injuries to left heart: a) ligation of coronary artery; b) injury to atrium; 
c) mock operation. Unshaded columns represent right atrium, shaded columns 
supepicardial zone of myocardium of right ventricle. 0) Mitoses absent, sol) 
solitary mitoses. 

response to injury. The control  group consisted of 10 intact animals of the same weight. The ra ts  were killed 
on the fifth day after  the operat ion at 10 a.m. 

Various injuries were inflicted on the myocardium of eight old noninbred albino rats  (body weight 
300-430 g) also:  In three animals a l igature was applied to the left coronary  a r t e ry  at the level of the atrium, 
in one the co rona ry  a r t e ry  was ligated in the region of the upper third of the left ventricle,  in two rats  the 
ligature was applied to the wall of the left atr ium, in one rat  to the left auricle,  and in one rat  the per icard ium 
was removed without any additional procedures  (mock operation). The old ra ts  were killed on the third day 
after the operation at 10 a.m. 

The hear ts  were fixed in Carnoy ' s  fluid and embedded in paraffin wax. Longitudinal sections 5-7 ~ thick 
were stained with hematoxylin and counterstained with eosin and picrofuchsin.  The number of mitoses was 
counted in 3000-4000 muscle nuclei f rom the a t r ium and subepicardial  zone of the ventricle.  The  mitotic index 
(MI) was expressed  in promiIle.  

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

The right heart  responded to injury to the left heart  by mitotic division of the myocytes (Fig. 1). An in- 
teres t ing  d iscovery  was that the degree of prol i ferat ion of the myocytes of the uninjured right atr ium was f re -  
quently higher than that of the left atrium. For  example, in three ra ts  surviving a myocardial  infarct  of the 
left ventricle,  MI for the left a t r ium was 3.5, 3.7, and 2.6o/00, andfor  the right a t r ium 4.3, 8.1, and 8.8~ re spec -  
tively (Fig. 2a). The myocytes of the right atr ium are evidently no less capable of prol iferat ing than the myo- 
cytes of the left atr ium. This was also confirmed by the fact that removal  of the per icard ium (mock operation) 
in 5 of 10 cases  induced mitoses in the right a t r ium (MI 0.7-2.6~ whereas inthe left a t r ium of ra ts  undergoing 
the mock operation mi toses  appeared in only two cases .  

The subepicardial  zone of the myocardium of the right ventricle also proved to be sensitive. Ine ight  
cases  mitoses were found in the myocytes there (Fig. 2c), and in most cases  MI corresponded to that for the 
left subepicardial  zone, varying between 0.8 and 2.9O/oo. Mitoses inthe myocytes of the subepicardial  zone of 
the right ventricle probably arose  as a d i rec t  response  to injury i r respect ive  of the response of the myo-  
cardium of the left ventricle,  for in five of eight cases  no proliferat ion of the myocytes  was found in the left 
subepicardium of the same hearts .  The cause of the appearance of mitoses in these zones of the heart  evi-  
dently requi res  special  investigation. 

In the control  group of intact animals, no mitoses were found in either the left or the right heart.  This 
indicates that the mitoses  observed in the card iomyocytes  were most likely react ive  in charac te r  and appeared 
in response  to the operation. 

The myocardium of the old animals was injured by the same methods as the myocardium of the young 
rats .  In six of eight cases  division of the myocytes  of the left a tr ium was observed (Fig. 2b). The mitotic ac-  
tivity was comparat ively  high and MI reached 5.1~ (I igationofthe coronary  a r te ry  at the level of the atrium). 
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Fig. 2. Mitoses (arrows) of card iomyocytes :  a) in right a t r ium (stained with hematoxylin 
and counters ta ined with picrofuchsin,  1100• b) in left aur ic le  of heart  of old ra t  (hema- 
toxylin-eosin,  500• c) in subepicardial  zone of right ventr ic le  (hematoxylin-eosin,  1100• 

~,,5 

fl 
' I I I H I I I 

1 2. 3 4 a f 2 3 "* 
";',2 

i 1 2 3  ,~ 1 2 3 4  
C 

b',! 

t ,5  

A I I I , ,  I ! f 
! 2 3 4 7 2 3 4 .  

3.~, b 

i i I L ,  ~ 1 J 

I 2 3 4  1 2 3 4  
d e 

Fig .3 .  Mitotic index (in ~ of myoca rd iumofo ld  rats  in different  s e -  
r i e s o f e x p e r i m e n t s :  a) l i g a t i o n o f c o r o n a r y a r t e r y  in a t r ium; b) l i -  
ga t ionofaur ic le ;  e) ligation in wall of a t r ium; d) ligation of c o r o -  

n a r y  a r t e r y  in upper third of ventr icle;  e) mock operation.  1) Left  
a t r ium; 2) r ight atr ium: 3) subepicardial  zone of left  ventr icle;  
4) subepicardial  zone of right ventr ic le ,  sol) Soli tary mi toses .  

In the right auricle  mitoses were found in one of eight cases  (ligature to the wall of the atrium, MI = 4.2~ ). In 
the myocardium of the subepicardial  zone of the left ventr ic le  sol i tary  mi toses  were observed in only one case 
(Fig. 3). 

With age the cardiomyocytes thus do not lose their ability to divide. This is in agreement with the ob- 
servations of Skuba [ 3], who found that recovery of the myocardium in old animals follows the same course as 
in young, the only difference being that the rate is slower because of a reduction in the rate of premitotic DNA 
synthesis. 

In all the cases described above, one regular feature was observed: The appearance of mitoses was con- 
nected with inflammation and thickening of the epicardium [2]. 

It can be concluded from these results that the myocytes of the right heart are no less able to proliferate 
than the myocytes of the left heart [ 1, 2]. The heart thus responds to injury as an integral system, and not 
just locally. 
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A U T O R A D I O G R A P H I C  S T U D Y  OF D N A  S Y N T H E S I S  

IN R A T S  W I T H  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  
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T r i t i u m - l a b e l e d  thymidine was injected into r a t s  with an exper imen ta l  myocard ia l  infarct  and 
the number  of DNA-synthes tz ing  nuclei was de te rmined  in var ious  pa r t s  of the heart .  Myocar -  
dial  infarct ion act ivated DNA synthes is  to some extent in the nuclei of monocytes  lying at the 
pe r iphe ry  of the focus of injury.  However,  there  was no doubt about the e x t r e m e l y  low densi ty 
of labeling in the muscle  nucleus.  Inc reas ing  the dose and giving three  injections of thymldine-  
3H did not inc rease  the number  of labeled muscle  cell  nuclei. Activation of pro l i fe ra t ion  of the 
connective t i ssue  cel ls  was obse rved  in all pa r t s  of the heart .  The number  of connec t ive - t i s sue  
nuclei synthes iz ing DNA was inc reased  af ter  24 h, reached  a max imum on the second day, and 
r ema ined  above the control  level until the end of the exper iment .  

KEY WORDS: myoca rd ia l  infarct ;  DNA synthes is ;  ca rd iomyocy tes .  

The most  debatable  p rob lem in the subject  of r egenera t ion  of the myocard ium is the possibi l i ty  of DNA 
synthes is  in the nuclei  of the musc le  ce l l s  of the ventr ic le  of the adult m a m m a l i a n  heart .  Although Grove 
et  al. [10] and Sasa r i  et al. [15] found an inc rease  in the number  of polyploid ca rd iomyocyte  nuclei and in the 
number  of muscle  cel ls  in the hyper t rophied  ra t  hear t ,  autoradiographic  invest igat ions with t r i t ium- labe led  
thymidine (thymidine-3H) have yielded the opposite r e su l t s .  For  instance,  in addition to data pointing to the 
absence of DNA-synthes iz ing  myocyte  nuclei in the hyper t rophied  [4, 9] and infarcted [ 1] myocard ium of adult 
animals ,  in other invest igat ions act ivat ion of DNA synthes is  has been r epor t ed  in some muscle  cel ls  of the 
ven t r ic les  [ 3], e spec ia l ly  cel ls  near  the focus of injury [11, 12]. 

Meanwhile, during the e lec t ron-au to rad iograph ic  study of DNA synthes is  in ca rd iomyocy te s  af ter  physical  
exer t ion,  nuclei with a sma l l  number  of gra ins  were  found, and the i r  appearance  could be at t r ibuted to slow 
synthes is  of nuclear  DNA [5] .  This  is in ag reement  with the view that an inc rease  in the level  of d i f fe ren t ia -  
tion of the myocard ia l  myocytes  is accompanied  by a marked  inc rease  in the durat ion of the main per iods  of 
the cel l  cycle  [ 2, 13]. 

It thus appeared  in teres t ing  to use autoradiographic  techniques to study the topography of DNA-synthe-  
s iz ing nuclei of the ven t r i c les  of the ra t  hear t  in re la t ion  to a focus of infarct ion.  

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

An infarct  was produced in the myocard ium of 20 noninbred male albino r a t s  weighing 90-100 g by suture  
and ligation of the left co rona ry  a r t e ry .  The animals  were  kil led 1, 2, 3, 5, 7, 15, and 20 days  af ter  the begin- 
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