
E X P E R I M E N T A L  B I O L O G Y  

ROLE OF RIBONUCLEIC ACIDS IN REGULATION 

OF GROWTH OF TISSUES AND ORGANS 
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Inject ion of RNA f rom cock l ive r  into chick embryos  s t imula tes  growth of the i r  l iver:  i ts  weight and 
its mitot ic  act ivi ty  i nc rease .  M e s s e n g e r  RNA (mRNA) has the g r ea t e s t  effect.  T r e a t m e n t  of RNA with 
r ibonuc lease  abol ishes  the obse rved  effect.  The action of RNA is seen only during the f i r s t  24 h a f te r  in-  
jection. T r a n s f e r  RNA (tRNA) has no growth-s t imula t ing  effect.  

The i m p r e s s i o n  has  now been fo rmed  that all  t i s sues  of the body contain two types of subs tances  
capable  of slowing or  quickening growth p r o c e s s e s  [9]. Many inves t iga tors  have shown that injection of ex- 
t r a c t s  o r  homogenates  of t i s sues  o r  p ieces  of o rgans  into the chor ioal lantois  of chick embryos  s t imula tes  
p r i m a r i l y  the homonymous organs  [2, 5, 6, 9]. However ,  i n o r d e r t o  unders tand the mechan i sm of thei r  ac-  
tion, it is n e c e s s a r y  to know the chemica l  nature  of subs tances  par t ic ipat ing in the growth-s t imula t ing  
effect.  

The w r i t e r  has p rev ious ly  shown that injection of f rac t ions  of homologous RNAs into chick embryos  
causes  o rgan - spec i f i c  s t imulat ion of growth [1]. 

The object  of the p r e s e n t  invest igat ion was to study the effect  of injected RNA f rac t ions  on the mitot ic  
act ivi ty  of parenchymatous  cel ls  of the embryonic  l iver ,  and also to examine the effect  of t r ea tmen t  of the 
RNA prepa ra t ions  with var ious  enzymes  of the i r  g rowth-s t imula t ing  act ivi ty.  
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Fig. 1. Effect  of injection 
of RNA f rac t ions  f rom 
12th-day embryos  on r e l a -  
t ive weight of l iver :  A) 
13-day embryos ;  B) 14- 
day embryos .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on 570 hen embryos  of the Russ ian  
White breed ,  at  the 12th day of incubation. Isola t ion of the RNA frac t ions ,  
co r responding  to m e s s e n g e r  RNA (mRNA), r i bosoma l  RNA (rRNA), and 
r i b o s o m a l  RNA f rom the ch romosome-nuc leou lus  sys t em (RNA-CN) f rom 
the l ive r  of cocks was c a r r i e d  out by the method of t he rma l  phenolic 
f rac t ionat ion [3], while t r a n s f e r  RNA (tRNA) was isola ted by Titova~s 
method [5]. C h a r a c t e r i s t i c s  of the p repa ra t ions  a r e  given in an ea r l i e r  
paper  [1]. The RNA prepa ra t ions  were  t r ea t ed  with r ibonuc lease ,  p ronase ,  
and t ryps in  by the known methods [4, 7, 9]. In the expe r imen t s  to de t e r -  
mine  the mitot ic  index (MI), embryos  were  injected with RNA, and 18 h 
l a t e r  the organs  were  weighed and t r a n s f e r r e d  into Bouin~s solution. 
Sections were  cut to a th ickness  of 7 p and stained with hematoxyl in-  
eosin, and MI was de te rmined  in 15,000 cells .  
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EXPERIMENTAL RESULTS 

Mitotic act ivi ty  in the embryonic  l iver  a f te r  injection of RNA was much  higher than in the control  
embryos  (Table  1). The effect  of mRNA was also accompanied  by hyper t rophy  of the parenchymatous  cel ls  
of the l iver ,  as judged f rom the d e c r e a s e  in concentra t ion of nuclei in the field of vision. The effect  of 
rRNA was also mani fes ted  as an i nc rea se  in MI, but in the per iod of the invest igat ion this was l ess  m a r k e d  
than the effect  of mRNA and it was not accompanied  by any significant dec r ea se  in the concentrat ion of 
nuclei,  i .e . ,  it did not cause  hyper t rophy  of the cells .  The value of MI in the exper imen t  with mRNA was 
higher than that of MI obtained in the exper imen t s  with rRNA with a level  of s ignif icance of 0.05 calculated 
by Student 's  method,  and 0.08 calcula ted  by the median test ,  while the values  of concentra t ion  of nuclei dif-  
f e red  with a level  of s ignif icance of 0.001. 

P r e l i m i n a r y  t r e a t m e n t  of the RNA prepara t ions  with r ibonuc lease  comple te ly  abolished the s t imulant  
effect  of RNA (Table 2), thus demons t ra t ing  that  the obse rved  effect  is due to the act ion of RNA and also that 
smal l  f r agmen t s  of the nucleic acid molecule  or  individual nucleotides do not par t ic ipa te  in growth s t imula -  
tion. It  a lso follows f rom Table  2 that  RNA prepa ra t ions ,  t r ea ted  with p ronase  and t ryps in ,  did not lose  
the i r  act ivi ty,  so that cy top lasmic  and nuc lear  prote ins  p re sen t  as impur i t i e s  l ikewise do not par t ic ipa te  
in the studied effect.  

Inject ion of the total  tRNA f rac t ion  into hen embryos  did not s t imula te  the i nc r ea se  in weight of the 
embryonic  l i ve r  but, on the con t ra ry ,  caused a dec r ea se  in both the absolute  and re la t ive  weight of the l iver  
when given in doses  of between 7 and 180 pg (with a dose of 90 #g for  instance,  the re la t ive  weight of the 
l iver  fel l  by 26.6%; P= 0.001). 

The r e su l t s  obtained demons t ra t ed  that exogenous m a c r o m o l e c u l a r  RNAs have a g rowth-s t imula t ing  
effect.  The action of all RNAs is shor t  in duration (Fig. 1), for  on the 2nd day a f te r  injection of RNA the 
weight of the l ive r  r e tu rned  to normal .  It  can thus be concluded that injection of homologous m a c r o m o l e -  
cular  RNAs into embryos  s t imula tes  the i r  action in the o rgan i sm  as components  of s y s t e m s  regulat ing the 
growth of organs .  
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