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E F F E C T  O F  C O R T I S O N E  ON P O S T T R A U M A T I C  

R E G E N E R A T I O N  O F  M A M M A L I A N  S K E L E T A L  M U S C L E S  

T .  M. K o v a l e n k o  UDC 616.74-001-003.93--02:615.357.453 

Pro longed  admin i s t r a t ion  of cor t i sone  to sexual ly  imma tu re  rabbi t s  and r a t s  a f t e r  p rev ious  in- 
jury  to the t ib ia l i s  an t e r io r  muscle  inher i ts  the regenera t ion  of skele ta l  muscle  t i ssue ,  as mani -  
fes ted  by delay ia growth of tbe myosympla s t s  and musc le  tubes. In rabb i t s  by the 15th day a f t e r  
the operat ion the a r e a  of the muscu la r  components  of the r egenera t ing  focus was l e s s  than the i r  
a r e a  in the control .  Analys is  of the intensity of methionine-3H incorpora t ion  into the r e g e n e r a t -  
ing e l emen t s  of the musc le  t i s sue  showed a significant dec rease  in uptake of the label  into nu- 
c l ea r  and cy top lasmic  pro te ins  of the m y o s y m p l a s t s  of r a t s  rece iv ing  cor t i sone .  Inhibition of 
pro te in  synthes is  in the ea r ly  s tage of different ia t ion of musc le  t i s sue  was l e s s  ma rked  than in 
mature  di f ferent ia ted musc le  f ibers  of the intact muscle .  

KEY WORDS: Regenera t ion  of skele ta l  musc les ;  incorporat ion of metbionine-3H; a r e a  of cona- 
ponents of r egenera t ing  focus. 

The investigation of the hormonal regulation of morphogenetie processes and, in particular, of processes 
of regeneration is an urgent problem of practical as well as theoretical importance [1, 7-9]. Hormones are 
known to control the synthesis of specific proteins in the tissues [6, 10, 11-13] and they can thus determine the 
direction of growth and differentiation of cells [2, 4]. 

Department of Biology, L P. Pavlov First Leningrad Medical institute. (Presented by Academician of 
the Academy of Medical Sciences of the USSR N.A. Yudaev.) Translated from Byulleten' l:3ksperimental'noi 
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T A B L E  1~ A r e a s  of M u s c l e  and  C o n n e c t i v e - T i s s u e  Compone n t s  of F o c u s  of R e g e n e r a -  
t ion  in R a b b i t s  (in uni t s  of  a r e a  of  p a p e r  models )  

No. of 
rabbit 
control 

M + m  

Muscle components 

area 

79,0 
50,0 
44,5 
73,0 
68,0 
65,0 

63,2+5,8 
P<O,O1 

No. of 
rabbit 
(expt.) 

7 
8 
9 
10 

11 
12 

M •  

a~ea 

46,0 
29,7 
21,0 
43,5 
43,0 
25,0 

Connective-tissue components 

~'~0, of 
area rabbit 

(expt.) 

16,7 7 
15,3 8 
18,5 9 
16,1 10 
17,2 ll 
15,9 12 

16,6-----0,5 M~--m 
P<O,O01 

I Ratio between muscle 
and connective-tissue 
components 

34,7----- 4,6 

No, of 
rabbet 
(control) 

area control 

11,9 
7,7 
8,3 
7,3 

11,1 
8,3 

4,73 
3,27 
2,41 
4,53 
3,95 
4,09 

3,8~0,9. M~ rn 8,8-----0.9 

experi- 
ment 

3,87 
3,86 
2,53 
5,96 
3,87 
3,01 

3,9+0,5 

T A B L E  2. I n c o r p o r a t i o n  of  Me th ion ine -3H 
into Nuc le i  and  C y t o p l a s m  of  M y o s y m p l a s t s  
and  M u s c l e  F i b e r s  of  R a t s  on Tenth  Day a f t e r  
O p e r a t i o n  

Test object 

Muscle fibers 
control 

experiment 
Myosymjplast 
control 

experiment 

Z~v~ 

270 

27O 

77 

73 

[ ~  Mean number of 
grair~ of silver per 
100 g '  area of 

to o- . nnele* 
~ l P lasm 

324 161 

241 483 

49 913 

35 411 

5,6~0,4 
P<0,01 
2,6~0,2 

2,2~0,9 
P<0,05 
8,2• 

17,4 ~- 1,4 
P<0,01 
7,5~0,6 

18,8-----0,8 
P<0,05 
12,7 .+- 1,4 

The ob j ec t  of  t h i s  i n v e s t i g a t i o n  was  to  s tudy  r e p a i r  p r o c e s s e s  In the  s k e l e t a l  m u s c l e s  d u r i n g  a change  in 
the  g l u e o c o r t i c o i d  b a l a n c e  of the  body.  Data  on t h i s  p r o b l e m  a t  p r e s e n t  a v a i l a b l e  a r e  few in n u m b e r  and c o n -  

t r a d i c t o r y  in n a t u r e  [3, 5], 

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

The t e s t  m a t e r i a l  c o n s i s t e d  of  the  t i b i a l i s  a n t e r i o r  m u s c l e  of 48 s e x u a l l y  i m m a t u r e  ma le  r a b b i t s  w e i g h -  
ing 650-800 g and 16 W i s t a r  r a t s  we igh ing  95-100 g. The o p e r a t i o n  was  p e r f o r m e d  unde r  s t r i c t l y a s e p t i c  c o n d i -  
t ions .  A f t e r  a l i n e a r  i n c i s i o n  in the  sk in  and f a s c i a  the  le f t  t i b i a l i s  a n t e r i o r  m u s c l e  was  e x p o s e d  and a hole 5 
m m  in d i a m e t e r  was  m a d e  in i t s  c e n t e r  in the  r a b b i t s  by m e a n s  of  a s p e c i a l  punch;  in the  r a t s  the  m u s c l e  was  
cut  t r a n s v e r s e l y  fo r  a d i s t a n c e  of  3 mm~ The t i b i a l i s  a n t e r i o r  m u s c l e  of  the  r i g h t  l i m b  r e m a i n e d  in tac t .  F r o m  
the  f i r s t  day  a f t e r  the  o p e r a t i o n  s o m e  a n i m a l s  r e c e i v e d  c o r t i s o n e  a c e t a t e  by  i n t r a m u s c u l a r  in jec t ion ,  the o t h e r s  
p h y s i o l o g i c a l  s a l i ne .  The dose  of the  h o r m o n e  was  c a l c u l a t e d  by  the equa t ion :  a = a 0 (P/P0) 2/3 (a 0 i s  the  dose  
fo r  man,  P0 the human body  weight ,  P the  body  weight  of the a n i m a l ) ,  on the  b a s i s  of  a d a i l y  t h e r a p e u t i c  dose  of  
c o r t i s o n e  of 0.1 g. At  v a r i o u s  t i m e s  a f t e r  the o p e r a t i o n  the r a b b i t s  w e r e  k i l l ed ,  the m a t e r i a l  was  f ixed  with 
Z e n k e r - f o r m o I ,  and  usua l  h i s t o l o g i c a l  t r e a t m e n t  c a r r i e d  out. F o r  ou t l ine  d r a w i n g s  of the  a r e a s  of  the  focus  of  
r e g e n e r a t i o n  p r e p a r a t i o n s  s t a i n e d  by  M a l l o r y ' s  me thod  w e r e  used .  The a r e a s  of  p a p e r  m o d e l s  w e r e  m e a s u r e d  

with  a p l a n i m e t e r .  

To s tudy  the  e f fec t  of  c o r t i s o n e  on the i n t e n s i t y  of p r o t e i n  s y n t h e s i s  in the  m u s c l e  t i s s u e ,  me th ion ine -3H 
was  i n j e c t e d  in a dose  of  3.5 g C i / g  into the  r a t s  4 and 16 h b e f o r e  d e c a p i t a t i o n  (on the  10th day  a f t e r  the  o p e r a -  
t ion) .  M a t e r i a l  was  f ixed  in C a r n o y ' s  m i x t u r e .  Sec t ions  t h rough  the m u s c l e  w e r e  c o a t e d  with t ype  R e m u l s i o n .  
The d u r a t i o n  of e x p o s u r e  of  the  a u t o r a d i o g r a p h s  was  40 days .  The  n u m b e r  of g r a i n s  of  s i l v e r  above  the c y t o -  
p l a s m  and n u c l e i  of  the  m y o s y m p l a s t s  ( r eg ion  of  the  wound) and in 100 f r a g m e n t s  of m u s c l e  f i b e r s  of  in tac t  
m u s c l e  f r o m  e a c h  a n i m a l  was  counted.  Meanwhi le  the c o r r e s p o n d i n g  h i s t o l o g i c a l  s t r u c t u r e s  w e r e  d rawn  

1082 



Fig. 1. Region of injury to t ib ia l is  an t e r io r  musc le  in rabbi ts :  D 7 days a f te r  operat ion:  
a) control ,  b) expe r imen t  (Ca razz i ' s  hematoxylin,  24 • II) 15 days a f t e r  operat ion:  c) 
control;  d) exper iment  (Mal lory ' s  method, 56 x). 

and the mean number  of t r a c k s  de te rmined  pe r  100 t~ 2 a r e a  of nuclei and cytoplasm.  The numer ica l  r esu l t s  
were  subjected to s ta t i s t ica l  ana lys i s .  

EXPERIMENTAL RESULTS 

By the fifth day after the operation the resorption of debris in the zone of injury was finally complete in 
the control rabbits. On the seventh day granulations developed in the region of the wound, and in the peripheral 
areas they had already come to resemble young connective tissue (Fig. la)o 

Injection of cortisone sharply inhibited autolysis and phagocytosis, with the result that the fragmentation 
of the damaged muscle fibers and resorption of the debris thus formed were delayed (Fig. ib). The central 
parts of the region of injury were filled with inflammatory exudate and fibrin and no granulation tissue deve- 

loped, so that proliferation of the fibroblasts was sharply depressed. Not until i0 days after injury was the 
zone of damage freed from muscle debris. The developing connective tissue showed intensive differentiation 

accompanied by rapid reduction of blood vessels and more rapid collagenization than in the control. On the 
fourth and seventh days after the operation no appreciable decrease in the intensity of formation on young 

muscle elements could be observed in animals receiving cortisone. Later growth of myosymplasts and muscle 
tubes was delayed, and this was especially marked on the 15th day of the repair process. By the 15th day the 
area of the muscle components of the regenerating focus was smaller in the experimental than in the control 
rabbits. The area of the connective-tissue regions of the regenerating focus was reduced correspondingly 
(Fig. ic and d; Table i). Analysis of the autoradiographs of the control animals showed intensive incorporation 
of methioni~:e-3H into the cytoplasm and nuclei of the muscle tissue as early as 4 h after injection; the intensity 
of incorporation of the label into the nuclei was much higher than into the cytoplasm (Table 2). Incorporation 
of methionine-3H into nuclear and cytoplasmic proteins of the myosimplasts was inhibited in the experimental 
rats and the concentration of label in the cytoplasm and nuclei of the intact muscle fibers also was reduced 
(Table 2). Comparison of the intensity of incorporation of methionine-3H into the intact muscle fibers and re- 
generating muscle elements showed that in the early stage of differentiation of muscle tissue the inhibition of 
protein synthesis in the myosymplasts under the influence of cortisone was less marked than in the differen- 
tiated muscle fibers (different significant according to the criterion of signs; P =0.025). 

Cortisone, in the doses tested, thus inhibits regeneration of muscle tissue; the delay in growth of the 
myosymplasts correlates with the inhibition of protein synthesis. It can also be concluded from these results 
that at different levels of differentiation the antianabolic effect of cortisone is exhibited to a different degree. 
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C Y T O L O G I C A L  F E A T U R E S  D I S T I N G U I S H I N G  G R O W T H  

O F  T H E  R A T  L I V E R  IN T H E  E M B R Y O N I C  A N D  N E O N A T A L  

P E R I O D S  A N D  D U R I N G  R E G E N E R A T I O N  

Z .  A .  R y a b i n i n a  a n d  E .  A.  L i s n e v s k a y a  UDC 612.65'35.014.1 

Embryonic  and neonatal growth of the l iver  was studied in August r a t s  and c o m p a r e d  with growth 
of the regenera t ing  l i ve r  of adult an ima l s  in the ea r ly  s tages  a f t e r  par t i a l  hepa tec tomy (22, 48, 
and 72 h a f t e r  r emova l  of two th i rds  of  the organ).  The mitot ic  act ivi ty  and a r e a  of the nuclei  of 
the hepatocytes  were  de te rmined  and the number  of b inuclear  cel ls  counted. Severa l  genera l  
p r inc ip les  were  d i scovered  in the dynamics  of the changes in the cytological  p a r a m e t e r s  of e m -  
bryonic  and neonatal  growth of the intact l ive r  and growth of the regenera t ing  l ive r  of adult r a t s  
in the e a r l y  s tages  a f t e r  resec t ion .  

KEY WORDS: Embryonic  and neonatal  l iver ;  regenera t ion ;  hepatocytes.  

Studies of the growth and development  of the l ive r  in the ea r ly  s tages  of ontogeny have recent ly  been pub-  
l ished [2,3]. However,  many aspec t s  of the cytological  p r o c e s s e s  taking place under these  c i r c u m s t a n c e s  r e -  
main inadequately explained and requi re  c lar i f ica t ion  and fur ther  study. Meanwhile, r egenera t ion  of the l ive r  
a f t e r  resec t ion  takes  place to some extent through cytological  p r o c e s s e s  which a r e  the same  as  those found in 
the organ during its no rmal  growth [1]. 

It was the re fo re  thought worthwhile to make a compara t ive  cytological  study of growth of the embryonic  
and neonatal l iver  and of the regenera t ing  adult l ive r  in the ea r ly  s tages  a f t e r  resect ion.  

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

Rats  of the August s t r a in  were  used. The l iver  of e m b r y o s  (of the 19th-20th day of gestation),  newborn 
r a t s  (until 3 h a f t e r  bir th) ,  and day-old  an imals  and the regenera t ing  l iver  of adult r a t s  (weighing 191 :~ 29 g) 
f rom which two th i rds  of the l i ve r  had been removed ,  was investigated.  The hepatec tomized r a t s  were  kil led 
22, 48, and 72 h a f t e r  the operat ion.  At each t ime  of study four to six animals  were  chosen.  The l ive r  (intact and 
regenera t ing  was weighed. Mater ia l  was fixed in Carnoy ' s  fluid; the number  of mitot ical ly  dividing bepatocytes  
in 6000 ce l l s  was counted in histological  sect ions  5 ~ thick, stained with hematoxylin and eosin. The mitot ic  
index (M1) was e x p r e s s e d  in promi l le .  The number  of b inuclear  hepatocytes  was counted in 2000 cel ls  and 
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