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ELECTRON-MICROSCOPIC AUTORADIOGRAPHY OF RNA 

SYNTHESIS IN THE INJURED MYOCARDIUM 

V. N. Galankin, A. A. Pal'tsyn, 
and A. K. Badikova 

UDC 616.127-003.96-092.9 

A burn of the wall of the left ventr ic le  was produced in newborn rats .  Synthesis of RNA in the 
muscle  cells of the hear t  at a distance f rom the site of the burn was investigated by e lec t ron-  
mic roscop ic  autoradiography 24 h after injury. The t issue was fixed 2 and 6 h after injection 
of uridine-3H. The density of distribution of s i lver  grains above the nucleus and ey~coplasm of 
the eardiomyocytes  was lower in the experimental  animaIs than in the controIs.  
KEY WORDS: burn of myocard ium;  RNA synthesis;  e l ec t ron-mic roscop ic  autoradiography. 

The ability of the hear t  to regenera te  at the cellular level is very  limited [2]. The main method of s t ruc -  
tura l  compensation of the myoeardium after loss of par t  of it is by hyperplasia  of the u l t ras t ruc tures  in the 
res idual  muscle  cells [4]. This method of repa i r  is known as intracel lular  regenerat ion.  The view is held 
that in the ear ly  period of ontogeny, while natural  mitotic division of the hear t  muscle  ceils is still  taking 
place, the myocard ium can replace a lost a rea  by the intensification of this division [3, 7]. Experiments have 
shown [1] that an increase  in mitotic activity of the muscle cells in newborn rats after injury does not continue 
throughout the period of healing of the heart .  One year  later  elongated sca rs  were found in all the rats  at the 
site of injury. It must  accordingly be concluded that in newborn animals in the period of mitotic division of 
the muscle  cells,  s t ruc tura l  replacement  takes place on a basis of intraeel lular  regenerat ion.  The experi-  
ments descr ibed below were car r ied  out to study this mechanism.  

EXPERIMENTAL METHOD 

A measured  burn of the hear t  was produced in newborn ra ts  by applying the hot end of a broken needle 
for 1 sec to the wall of the left ventrieIe.  The animals were given an injection of uridine-5-3H in a dose of 2 
mCi 24 h af ter  injury andwere  killed 2 and 6 h af ter  injection of the isotope. Newborn rats  of the same litter, re-  
ceiving the isotope alone and killed simultaneously with the experimental  animals, served as the control.  
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T A B L E  1. R e s u l t s  of  E l e c t r o n - A u t o r a d i o g r a p h i c  A n a l y s i s  of  Dens i ty  
o f  D i s t r i b u t i o n  o f  S i l v e r  G r a i n s  above  Nuc l eus  and C y t o p l a s m  of  C a r -  
d iomyo  cy te  s 

Animal 
No. 

869 
869 
870 
871 
872 
873 
874 

Group of 
animals 

0 

Z ~ ~ =  

Experimental 
Control 

Experimental 

Control 

21 
19 
46 
58 
80 
29 
48 

5,04 <0,01 12,39 
16,41 
3,76 
5,39 
7,40 <0,01 
6,81 

E .;. .E 

0,67 <0,01 7,5 0,88 14,1 
1,56 10,5 
0,19 19,8 
0,43 12,5 
0,49 <0,05 15,1 
0,56 12,2 

L e g e n d .  P c a l c u l a t e d  by c o m p a r i n g  s a m p l e s  of  aI1 c e i l s  i n v e s t i g a t e d  
f r o m  e x p e r i m e n t a l  and c o n t r o l  a n i m a l s .  

F ig .  1. E l e c t r o n - m i c r o s c o p i c  a u t o r a d i o -  
g r a p h  o f  h e a r t  m u s c l e  ce l l  f ixed  2 h a f t e r  
i n j e c t i o n  of  u r i d t n e J H .  Con t ro l .  Many 
g r a i n s  o f  s i l v e r  can be s e e n  above  n u c l e -  
o lus ,  n u c l e u s ,  and c y t o p l a s m .  1 2 , 0 0 0 x .  

P i e c e s  for  e l e c t r o n - a u t o r a d i o g r a p h i c  i n v e s t i g a t i o n  w e r e  cut  f r o m  a p o r t i o n  of  the  w a l l  o f  the  l e f t  v e n t r i c l e  at 
a d i s t a n c e  f r o m  the s i t e  of  i n ju ry ,  f ixed  with 2.5% g l u t a r a l d e h y d e  and 1% o s m i u m  t e t r o x i d e  so lu t i ons ,  and e m -  
bedded  in Epon.  A m o n o l a y e r  o f  t ype  M e m u l s i o n  was  app l i ed  to the  e l e c t r o n - m i c r o s c o p i c  s e c t i o n s  and, a f t e r  
e x p o s u r e  for  1-2 mon ths  and d e v e l o p m e n t ,  the  s e c t i o n s  w e r e  e x a m i n e d  in the  J E M - ] 0 0 B  e l e c t r o n  m i c r o s c o p e .  
The d e n s i t y  of  d i s t r i b u t i o n  of  s i l v e r  g r a i n s  above the nuc l eus  and c y t o p l a s m  w a s  d e t e r m i n e d  in e l e c t r o n - m i -  
c r o s c o p i c  a u t o r a d i o g r a p h s  of the  h e a r t  m u s c l e  c e l l s .  F o r  th i s  p u r p o s e  the  n u m b e r  of  g r a i n s  of  s i l v e r  found 
above the a p p r o p r i a t e  s t r u c t u r e  was d iv ided  by the  a r e a  of tha t  s t r u c t u r e ,  c a l c u l a t e d  by weigh ing  i ts  p r o j e c t i o n  
on p a p e r .  
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Fig. 2. E l e c t r o n - m i c r o s c o p i c  au toradio-  
graph of hea r t  musc le  cel ls  fixed 6 h af ter  
injection of uridine-3H. Exper imen t .  Th ree  
or four gra ins  of s i lve r  above nuclei of 
ea rd iomyocy te s ,  Cytoplasm does not con- 
tain label .  7000x .  

Fig. 3. E l e c t r o n - m i c r o s c o p i c  autoradiograph of hea r t  
musc le  cell  fixed 6 h af ter  injection of uridine-3H. Con- 
t ro l .  Many gra ins  of s i lve r  ~n nucleus dis t r ibuted in p e r i -  
chromat in  zone (on boundary between d i spe r sed  and con- 
densed chromat in) .  A few gra ins  p re sen t  above cy toplasm 
also.  12,000• 
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E X P E R I M E N T A L  R E S U L T S  

On the grounds that r egene ra t i ve  p r o c e s s e s  s t a r t  in an organ immedia te ly  af ter  its injury, we expected 
to find an inc rease  in the intensi ty of in t raee l lu la r  synthes is ,  espec ia l ly  the synthesis  of r iboancleoprote ins ,  
in the musc le  cel ls  of those pa r t s  of the hea r t  which remained  undamaged.  However,  24 h af ter  injury, the 
quantity of label  in the ca rd iomyocy tes  of r a t s  on which a measu red  burn of the hear t  was inflicted was less  
than in control  r a t s  of the s ame  l i t ter  (Table 1; Figs.  1-3). This is evidence that toward the end of the f i r s t  
day a f te r  injury RNA synthes is  was reduced in the musc le  cel ls .  It mus t  evidently be assumed that the de-  
c r e a s e  in RNA synthes is  may  re f lec t  a higher  intensi ty of division of the hear t  musc le  cei ls  in the exper imenta l  
r a t s ,  for newly formed cells  have a g r e a t e r  and not a l e s s e r  need to inc rease  the synthesis  of the i r  u l t r a s t r u c -  
t u re s  and, consequently,  they r equ i r e  inc reased  RNA synthes is .  It  is also known that during the period of DNA 
repl ica t ion ,  RNA synthes is  is inc reased  [5, 6, 8]. The main  act ivi ty of the hear t  musc le  cel ls  24 h af ter  injury 
is evidently d i rec ted  toward maintenance  of the contract i le  function. The r e s t r i c t e d  energy supply evidently 
does not allow the cel ls  to use m o r e  ene rgy  for se l f - reproduc t ion  at a t ime  when there  are  increased  demands 
on their  cont rac t i le  activity.  There  is t he re fo re  a red is t r ibut ion  of the energy  r e s e r v e s ,  so that a higher  p r o -  
port ion of them are  used to mainta in  ex te rna l  function and a s m a l l e r  proport ion to mainta in  synthetic p r o c e s s e s .  
This is re f lec ted  in the d e c r e a s e  in RNA synthes is .  This per iod of 24 h is thus the acute period during which 
functional and s t ruc tu ra l  compensat ion  take place through the intensif ication of act ivi ty of u l t r a s t r u e t u r e s  
which exis ted before injury.  Any at tempt  to fo rm an appara tus  of  protein synthes is  de novo is inhibited in this 
per iod.  
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