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The ef fec t  of i n t r a m u s c u l a r  inject ion of total  cy top lasmic  and nuclear  RNA and of thei r  hy- 
d ro lys i s  p roducts  on the r a t e  of r egene ra t ion  of nerve  f ibers  of the divided scia t ic  nerve  
was studied. Inject ion of RNA was found to s t imulate  r egenera t ion  of the nerve  f ibers ,  e s -  
pec ia l ly  in the e a r l y  per iods  of r egenera t ion .  The g r ea t e s t  effect  was obse rved  by the use 
of  nuclear  RNA. A high degree  of po lymer iza t ion  of the RNA plays  an e x t r e m e l y  impor tan t  
ro le  in i ts  s t imulant  effect .  The comple te  a s s o r t m e n t  of nucleotides composing  RNA has 
only a v e r y  slight s t imulant  act ion of no p rac t i ca l  impor tance .  

Af ter  it  had been postula ted that  the synthes is  of specif ic  p ro te ins  can be induced in animal  t i s sues  
by the act ion of o rgan - spec i f i c  RNAs [15-18] inves t iga tors  found that RNA can s t imulate  t i ssue  r e g e n e r a -  
tion. The  work of Belous et  al., for  example ,  showed that injection of RNA f rom regenera t ing  bone t i ssue  
cons ide rab ly  s t imula tes  os teogenes i s  in r abb i t s  [3-8] by acce le ra t ing  pro l i fe ra t ion  and differentiat ion of 
r egene ra t ing  bone ce l l s  [11], mainly  on account  of prote in  b iosynthes is  in the bone t i ssue  [2, 9]. Akhabadze 
[1] and Skuba [14] desc r ibed  the poss ib le  s t imulat ion of r egene ra t ion  of h e a r t  musc le  by iniection of o rgan-  
spec i f ic  RNAs. 

On the assumpt ion  that degenerat ion in denerva ted  musc le  is c lose ly  connected with a d is turbance of 
nucleic acid me tabo l i sm,  the effect  of homologous RNA f rom normal  musc l e s  was studied on a course  of 
degenera t ion  in denerva ted  m us c l e  and on the r a t e  of r egenera t ion  of the divided scia t ic  nerve .  It  was  found 
that  injection of RNA slightly r educes  the degree  of a t rophy of musc le  f ibers  developing as a r e su l t  of de- 
genera t ion  and cons iderab ly  a c c e l e r a t e s  the growth of r egene ra t ing  nerve  f ibers  [12, 13]. 

The object  of the p r e s en t  invest igat ion was to study whether  s t imulat ion of r egenera t ion  is poss ible  
onty by means  of h igh -po lymer  RNA or  whether  the nucleotides composing  it have the same actior,. 

EXPERIMENTAL METHOD 

Experiments were carried out on 98 male albino rats weighing 200-220 g. Under strictly aseptic con- 
ditions and under general ether anesthesia an operation was performed to divide and suture the right 
sciatic nerve. The skin was incised approximately in the middle of the thigh, the muscles were retracted 
with sharp hooks, and two ~arallel sutures were inserted into the epineurium of the sciatic nerve 5 mm 
above its division into the tibial and peroneal nerves. The nerve was then divided between the sutures and 
the ends immediately placed in apposition. 

The animals after the operation were divided into seven groups with 14 animals in each group. The 
animals of group I acted as the controls while the remaining six groups of rats received RNA or its hydrol- 
ysis products in 0.I ml physiological saline. The rats of group 2 received injections of cytoplasmic RNA, 
group 3 r ece ived  a heated p repa ra t ion  of cy top lasmic  RNA, group 4 an alkaline digest  of RNA in a dose of 

*Academy of Medical  Sciences  of  the USSR. 

Inst i tute  of Normal  and Pathological  Physiology,  Academy of Medical  Sciences of the USSR, Moscow. 
T r a n s l a t e d  f r o m  Byul le ten '  3~ksperimental 'noi  Biologii  i Meditsiny,  Vol. 76, No. 7, pp. 101-105, July,  1973. 
Original  a r t i c l e  submit ted  June 15, 1972. 

C 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. 
No Part of this publication may be reproduced, stored in a retrieval system, or transmitted , in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

842 



T A B L E  1. Leng th  of  N e r v e  F i b e r s  (in mm)  10 Days  a f t e r  D i v i s i o n  
and  Su tu re  of S c i a t i c  N e r v e  

Preparation injected 
Length of 

�9 .~ ~ nerve fibers 
0 r 

Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . .  
Cytoplasmic RNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heated c~oplasmic RNA . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alkaline digest of cytoplasmic ILNA . . . . . . . . . . . . . . . .  
Nuclear RN.r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Heated nuclear RNA . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alkaline digest of nuclear RNA . . . . . . . . . . . . . . . . . . . . .  

4 3,75~0,41 
4 11,97• 1,05 
4 8,45-----0,86 
4 4,[4~-0,28 
4 18,37------0,5 
4 10,65~0,86 
4 5,25+--0,76 
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Fig .  1. G r a p h  of  i n t e n s i W  of  g r o w t h  of  
n e r v e  f i b e r s  of r e g e n e r a t i n g  s c i a t i c  
n e r v e  in c o n t r o l  (1) a n i m a l s  and a f t e r  
i n j e c t i o n  of c y t o p l a s m i c  RNA (2), of a 
p r e p a r a t i o n  of h e a t e d  c y t o p l a s m i c  RNA 
(3), of a d i g e s t  of  c y t o p l a s m i c  RNA (4), 
o f  n u c l e a r  RNA (5), of  a p r e p a r a t i o n  of  
h e a t e d  n u c l e a r  RNA (6), and of a d i g e s t  
of  n u c l e a r  RNA (7). O r d i n a t e ,  n u m b e r  
of  n e r v e  f i b e r s ;  a b s c i s s a ,  l eng th  of  
f i b e r s  (in ram) .  

0o125 r a g / 1 0 0  g body  we igh t ,  g roup  5 r e c e i v e d  n u c l e a r  RNA,  
g r o u p  6 a h e a t e d  p r e p a r a t i o n  of  n u c l e a r  RNA,  and g r o u p  7 an 
a l k a l i n e  d i g e s t  of  n u c l e a r  RNA in a dose  of 0.03 r a g /100  g body  
we igh t .  The  c o n t r o l  r a t s  r e c e i v e d  an i n j e c t i o n  of  the  s a m e  vo l -  
ume  of p h y s i o l o g i c a l  s a l i n e .  

RNA was  p r e p a r e d  f r o m  s k e l e t a l  m u s c l e s  of  the l i m b s  of  
i n t a c t  r a t s  by  the  m e t h o d  of  G e o r g i e v  and M a n t ' e v a  [10] wi th  the  
a d d i t i o n  of d o d e c y l s u l f a t e .  The  f r a c t i o n  of  n u c l e a r  RNA was  o b -  
t a i n e d  at  65~ f r o m  u n p u r i f i e d  pheno l i c  nuc l e i .  H e a t i n g  was  
c a r r i e d  out  on a bo i l i ng  w a t e r  ba th  f o r  30 min .  The  RNA h y d r o l -  
y s i s  p r o d u c t s  w e r e  o b t a i n e d  by  k e e p i n g  the RNA wi th  a 0.6 N 
s o l u t i o n  of  NaOH for  24 h a t  37~C. The  RNA p r e p a r a t i o n s  w e r e  
k e p t  a s  s o l u t i o n s  fo r  not  m o r e  than  four  days  a t - 2 0 ~  A l l  
p r e p a r a t i o n s  w e r e  i n j e c t e d  into the  r i g h t  g a s t r o c n e m i u s  m u s c l e  
3 h a f t e r  the  o p e r a t i o n  and then  e v e r y  72 h f o r  30 d a y s .  

T h e  a n i m a l s  w e r e  k i l l e d  by  e t h e r  a n e s t h e s i a  on the 10th, 
25th,  30th, 35th,  and  40th d a y s .  The  m a t e r i a l  was  t r e a t e d  by  the  
B i e l s c h o w s k y -  G r o s  m e t h o d .  The  r a t e  of  r e g e n e r a t i o n  o u t h e  
10th day  was  j u d g e d  f r o m  the n u m b e r  and length  of  r e g e n e r a t i n g  
f i b e r s  of the s c i a t i c  n e r v e ,  and l a t e r  by  the  s t a t e  of the  n e r v e  
e nd ings  in the  g a s t r o c n e m i u s  m u s c l e .  T h e  l eng th  and n u m b e r  
of  n e r v e  f i b e r s  in e v e r y  c a s e  w e r e  d e t e r m i n e d  by  m e a n s  of a 
s c r e w - o p e r a t e d  ocular"  m i c r o m e t e r  in fou r  s e c t i o n s  wi th  the  
f a r t h e s t - g r o w i n g  n e r v e  f i b e r s .  

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

T e n  days  a f t e r  d i v i s i o n  and s u t u r e  o f  the  s c i a t i c  n e r v e  in 
the c o n t r o l  r a t s  451-554  n e r v e  f i b e r s  w e r e  coun ted  a t  a d i s t a n c e  
of  1 m m  f r o m  the s i t e  of  d i v i s i o n  (F ig .  1). The  l o n g e s t  f i b e r s  
had  g r o w n  4.9 m m  into the  p e r i p h e r a l  s e g m e n t .  

I n j e c t i o n  of c y t o p l a s m i c  RNA c o n s i d e r a b l y  a c c e l e r a t e d  
r e g e n e r a t i o n  of the n e r v e  f i b e r s .  A t  a d i s t a n c e  of 1 m m  f r o m  
the s i t e  of  d i v i s i o n  700-900 n e r v e  f i b e r s  w e r e  counted ,  5 m m  
away  t h e y  n u m b e r e d  386, and  the l o n g e s t  f i b e r s  r e a c h e d  1 7 . 2 m m .  

The  e f f ec t  of  i n j e c t i o n  of  n u c l e a r  RNA was  g r e a t e r  s t i l l .  A t  a d i s t a n c e  of  6 m m  f r o m  the s i t e  of 
d i v i s i o n  of the  s c i a t i c  n e r v e  495 f i b e r s  w e r e  coun ted ,  and  the l o n g e s t  f i b e r s  had  g r o w n  19.9 m m  into the 
p e r i p h e r a l  s e g m e n t s  of  the  n e r v e ,  i . e . ,  t hey  w e r e  four  t i m e s  l o n g e r  than  in the  c o n t r o l  a n i m a l s .  

P r e p a r a t i o n s  of h e a t e d  n u c l e a r  and c y t o p l a s m i c  RNA had  a l m o s t  i d e n t i c a l  e f f e c t s  on the r a t e  of  r e -  
g e n e r a t i o n  of the  n e r v e  f i b e r s ,  r a t h e r  l e s s  m a r k e d  than  the g r o w t h - s t i m u l a t i n g  a c t i o n  of  c y t o p l a s m i c  RNA.  
In both  c a s e s  the l o n g e s t  n e r v e  f i b e r s  had  g r o w n  by  13.1 r a m ,  and 450-460 f i b e r s  w e r e  coun ted  I m m  away  
f r o m  the s i t e  of  d iv i s ion ,  
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Fig. 2. Right  ga s t roenemius  musc le  of control  r a t  25 days a f t e r  
opera t ion  ( t rea ted  by B i e l s c h o w s k y - G r o s  method);  a) few nerve  
f ibers  in bundle (20• 6); b) sensory  neuromuscu la r  spindle with 
two f ibe r s  (20x 6); c) pools of neu rop lasma  on p r e t e r m i n a l s  
(40 • 6). 

Fig. 3. Right ga s t rocnemius  musc le  of expe r imen ta l  r a t  ( r e -  
ceiving nuclear  RNA) 25 days a f te r  opera t ion ( B i e l s c h o w s k y - G r o s ) :  
a) well  innervated  n e u r o m u s c u l a r  spindle (20 • 6); b) moto r  nerve  
ending shaped like a loop (90 x 6); c) many  nerve  f ibers  in bundle 
(20 • 6). 

The effect  of alkaline digest  of cy top lasmic  and nuclear  RNA was less  m a r k e d  st i l l .  At a distance of 
1 m m  f r o m  the si te of divis ion the number  of ne rve  f ibers  was indist inguishable f rom the control  and was 
450-500, while the longest  nerve  f ibe r s  had grown only to a dis tance of 7-7.5 m m  f rom the site of division 
(Table 1). 

A few growing nerve  f ibe r s  could be found 25 days a f t e r  division of the sc ia t ic  nerve  in la rge  and 
m e d i u m - s i z e d  bundles of ne rve  f ibers  in the control  an imals  (Fig. 2a). Only in 50% of the bundles did the 
number  of f ibe r s  r e a c h  ha l f  of  that exis t ing before  division of the nerve.  However ,  side by side with the 
"empty"  bundles,  s enso ry  n e u r o m u s c u l a r  spindles with one or  two nerve  f ibers  (Fig. 2b) and single, well  
innervated  spindles were  f requent ly  found. No moto r  endings were  seen, but f rom t ime to t ime  p r e t e r -  
rninals  with pools of neurop lasm were  vis ible  (Fig. 2c). 

At this t ime a f t e r  the inject ion of cy top lasmic  RNA so l i ta ry  moto r  endings could be seen and m o s t  of 
the n e u r o m u s c u l a r  spindles were  well  innervated.  

After  inject ion of nuclear  RNA the ga s t roenemius  musc le  was innervated cons iderably  bet ter .  Up to 
80% of the control  number  of f ibers  could be counted in the l a rge  and m e d i u m - s i z e d  bundles of ne rve  f ibe r s  
(Fig. 3a), and around nea r ly  e v e r y  sma l l  bundle there  were  mo to r  endings (Fig. 3b). As many  as th ree  or  
four  neu romuscu la r  spindles could be seen in a sect ion,  and all  were  well  innervated  (Fig. 3c). Somet imes  
e x c e s s i v e  growth of nerve  f ibers  in the spindle was observed .  Occasional ly  ne rve  f ibers  could be seen  to 
t e r m i n a t e  on the nuclei of  the spindle.  
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After  injection of the alkaline digest  of both cy top lasmic  and nuclear  RNA no s t imulant  effect  of RNA 
was obse rved  on the fo rmat ion  of nerve  endings in t h e g a s t r o c n e m i u s  musc le .  

Af ter  30 days the d i f ferences  between the innervat ion of the gas t rocnemius  musc le  in the control  
group and in the an ima l s  rece iv ing  RNA began to diminish and by the 35th day they had d i sappeared  com-  
pletely.  

The r e s u l t s  of this invest igat ion show that admin is t ra t ion  of RNA s t imula tes  r egenera t ion  of divided 
nerve  f ibers  and that  this  s t imulat ion is pa r t i cu l a r ly  m a r k e d  in the e a r l y  s tages  of r egenera t ion .  The 
g r e a t e s t  e f fec t  was obtained by the use of h i g h - p o l y m e r  nuclear  RNA. Inject ion of heated p repa ra t ions  of 
cy top lasmic  and nuclear  RNA had an equal s t imulant  effect  on growth of the r egene ra t ing  nerve  f ibers  and 
it was weaker  than the g rowth-s t imula t ing  action of cy top lasmic  RNA. 

The s t imulant  ef fec t  of an alkaline digest  of cy top lasmic  and nuclear  RNA on r egene ra t i on  of ne rve  
f ibe r s  also was identical ,  but weak and was obse rved  only in the ea r ly  s tages  of r egenera t ion .  

Consequently,  a high degree  of po lymer iza t ion  of RNA plays  an e x t r e m e l y  impor tan t  r01e in i ts  
s t imulant  effect  on r egene ra t i on  of ne rve  f ibers .  The comple te  a s s o r t m e n t  of nucleotides composing RNA, 
if given in the dose used, had a weak s t imulant  act ion on the r a t e  of growth of the r egene ra t ing  nerve  fi-  
b e r s ,  of no p rac t i ca l  impor tance .  
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