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F re sh  cy toplasmic  RNA f rom the l iver  of r a t s  was  injected into r a t s  during chronic  CCI 4 
poisoning and in the per iod of r egenera t ion  a f te r  poisoning for  2 months .  In the second case ,  
a f te r  the end of CC14 poisoning, adminis t ra t ion  of RNA reduced the col lagen content and r e -  " 
s tored  the no rma l  t ryptophan p y r r o l a s e  act ivi ty in the l iver .  RNA had no effect  if admin i s -  
t e r ed  s imul taneously  with CC14. 

A previous investigation [5] showed that injection of heterologous (rat) hepatic RNA into mice during 
CCI 4 poisoning prevented death of the animals, but at the same time accelerated connective tissue develop- 
ment in the liver. 

In view of r e p o r t s  in the l i t e r a tu re  of d i f fe rences  between the act ions of he tero logous  and homologous 
RNA in r egene ra t ive  p r o c e s s e s  [1], it was  decided to invest igate  the act ion of homologous  RNA on the l ive r  
during CC14 poisoning. Bes ides  b iochemica l  and his to logical  invest igat ion of connective t i s sue  pro l i fe ra t ion ,  
the act ivi ty  of t ryptophan p y r r o l a s e  (TI~ was de te rmined .  The act ivi ty  of th is  enzyme is a good index of 
the s tate  of the p ro te in - syn thes iz ing  s y s t e m  of the l iver  ce l l s  during CClt poisoning [9]. 

EXPERIMENTAL METHOD 

Male Wistar rats were used. In all experiments CCI 4 was injected subcutaneously in a dose of 0.12 
ml/100 g body weight, and RNA was injected intraperitoneally in a dose of 0.5 mg,/100 g body weight. 

Cytoplasmic RNA was isolated from the liver of rats which had previously received an injection of 
hydrocortisone to increase the content of messenger RNAs for the synthesis of a number of enzymes, in- 
cluding TP, in their liver [ii, 12]. The pattern of administration of CCI 4 and RNA was varied, for accord- 
ing to information in the literature [4, i0], the fate of exogenous RNA in the cell after administration of 
CC14 may differ depending on the liberation of nucleases by the action of the poison. 

In the experiments of series I, rats weighing 80-100 g received injections of CCI 4 twice a week for 
2 months. On the day after each injection of CCI 4 the control rats were injected with physiological saline 
and the experimental rats with RNA. 

In the experiments of series II, rats weighing 130-140 g were injected with CCI 4 only for 2 months, 
after which, when injections of CCI 4 had ceased, for the next 3 weeks they were injected twice a week either 
with physiological saline (control rats), or with RNA (experimental rats). 

In the experiments of series III, by contrast with II, the administration of CCI 4 was continued during 
the 3 weeks when physiological saline or RNA was being injected. 
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TABLE I. Results of Injection of RNA, Depending on Conditions of CCI 4 Administration 

S e r ' e s  of ex- 
p e r i m e n t  

II 

III 

Animals  

Control  

E x p e r i m e n t a l  

Control  

Expe r imen t a l  

Control  

E x p e r i m e n t a l  

No. of 
an ima l s  

Collagen content 
(in % of normal) 

257 
p = 0.001 

228 
P >  0.05 

123 
p = 0.001 

93 
P =  0.02 

183 
p = 0.001 

191 
P > 0.05 

Histological observations 

W e l l - m a r k e d  p r o l i f e r a -  
t ion of connective t i s sue  

No d i f fe rence  f rom con- 
t ro l  apparen t  

W e l l - m a r k e d  p r o l i f e r a -  
t ion of connect ive t i s s u e  

P r o l i f e r a t i o n  of connect ive 
t i s sue  only s l ight  (mainly 
around blood vesse l s )  

W e l l - m a r k e d  p r o l i f e r a -  
t ion of connect ive t i s s u e  

No d i f ference  f rom con- 
t r o l  apparen t  

TP activity 

(in % of activity) 

75 
p = 0.02 

70 
P ~  0.05 

76 
p = 0.001 

94 
P = 0.001 

80 
p =  0.02 

P > 0 . 0 5  

Note. P - c o m p a r e d  with cont ro l  an imals ;  p - c o m p a r e d  with in tac t  an ima l s .  

In each s e r i e s  of e x p e r i m e n t s  four  intact  r a t s  a l so  were  used  in o r d e r  to de t e rmine  the l eve l s  of the 
r e l e v a n t  ind ices  in n o r m a l  a n i m a l s .  Because  of d iurna l  f luc tuat ions  in TP ac t iv i ty ,  i t  was  thought adv i s -  
able to s a c r i f i c e  the r a t s  at i n t e rva l s  of not m o r e  than 10 rain, a l t e rna t ing  the an ima l s  of the d i f ferent  
g roups :  intact ,  control ,  expe r imen ta l ,  and so on. 

RNA was obtained by G e o r g i e v ' s  method [2] at ze ro  t e m p e r a t u r e  f rom the l i ve r  of male  W i s t a r  r a t s  
which had  r e c e i v e d  an in jec t ion  of 3 mg hydrocor t i sone /100  kg body weight  2 h p rev ious ly .  The p repa ra t i on ,  
p r e c i p i t a t e d  by aicohol  at - 2 0 ~  was  d i s so lved  in phys io log ica l  sal ine and used  on the same day. 

Insoluble co l lagen  in the f a t - f r e e  d ry  t i s sue  a f te r  ex t r ac t ion  with hot TCA was  e s t i m a t e d  as  hy-  
d roxypro l ine  [8]. 

TP ac t iv i ty  was  d e t e r m i n e d  in the whole homogenate  by Knox' s method [6]. 

In in tac t  r a t s  the following va lues  w e r e  obtained fo r  these  ind ices :  co l lagen content,  0.43%, T P  ac -  
t iv i ty  2 #moles  kynurenin  (in g/h) .  

P i e c e s  of t i s sue  for  h i s to log ica l  inves t iga t ion  w e r e  f ixed in 12% fo rma l in  and s ta ined  by Van G i e s o n ' s  
method.  

EXPERIMENTAL RESULTS AND DISCUSSION 

Injection of homologous RNA on the day after injection of CCI 4 (for 2 months) did not affect either the 
collagen content or the TP activity. Injection of RNA likewise did not prevent or delay the development of 
the pathological process. However, unlike the injection of rat RNA into mice [5], injection of this RNA into 
rats did not increase the already high collagen content. 

In the experiments of series II, 3 weeks after the end of CCI 4 administration the collagen content in 
the control animals was raised, but the TP activity still remained low. Administration of RNA during re- 
generation significantly reduced the collagen content (and the proliferation of the connective tissue corre- 
spondingly) in the liver, while at the salne time it increased the TP activity. According to reports in the 
literature [9], the activity of this enzyme in liver damaged by CCI 4 is reduced sooner and restored to nor- 
mal later than the activity of many other enzymes. It is thus evident that administration of homologous 
RNA in the experiments of series II speeded up the regeneration of the liver. 

In the experiments of series III, administration of RNA during continuing poisoning of the animals 
had no effect Oll any of the indices studied. The impression is obtained that, if RNA was injected 24 h after 
injection of the CCI4, it appears to lose its ability to influence liver metabolism. 

Judging from the literature [4], lysosomal enzymes are liberated about 8 h after intraperitoneal in- 
jection of CCI4, while necrosis of the liver cells begins after 18 h. With the passage of time, activity ofthe 
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f ree  nuc leases  was evidently reduced,  so that  RNA, if injected during the per iod of r egene ra t ion  (as was 
the case  in the expe r imen t s  of s e r i e s  I]), could function in the po lymer  state.  

Since in expe r imen t s  on mice  [5], r a t  RNA was injected 1-2 h a f t e r  subcutaneous injection of CC14, 
it could also have functioned for  some t ime without undergoing degradat ion.  The posi t ive effect  of he t e ro -  
logous RNA on the surv iva l  ra te  of the mice  in these  expe r imen t s  ag r ee s  with observa t ions  on the effect  of 
RNA f r o m  cow's  l iver  on r egenera t ion  of the ra t  l ive r  a f t e r  par t i a l  hepa tec tomy.  However,  it st i l l  r e m a i n s  
unexplained why, in the p resen t  invest igat ions,  injection of r a t  RNA in the po lymer  f o r m  into r a t s  in the 
per iod of r egene ra t ion  of the l iver  caused a dec rease  in the collagen content of that  organ,  while its injec-  
t ion into mice ,  on the o ther  hand, led to an i nc rea se  in the collagen content. One p o s s i b l e  explanation 
would be the d i f fe rences  between the ef fec ts  of CC14 on different  an imals ,  because  it is  known that  although 
CC14, for  example ,  is  carc inogenic  to mice ,  it is not carc inogenic  to ra t s .  Another poss ibi l i ty  is that  
he te ro logous  RNA s t imula tes  only collagen synthesis  in mice ,  and the resu l t ing  more  rapid  r ep l acemen t  of 
necro t ic  l ive r  t i ssue  by connective t i s sue  r educes  the seve r i ty  of the toxic ef fec ts  at the stage of poisoning 
at which mos t  of the mice  die. According to new evidence [ 7], during CC14 poisoning in r a t s  the col lageno- 
lyric act ivi ty  of the i r  l ive r  t i s sue  re la t ive  to insoluble col lagen is reduced,  while during r egenera t ion  this  
act ivi ty  is r e s to r ed .  It is poss ib le  that  the dec r ea se  in the collagen content obse rved  in the expe r imen t s  
of s e r i e s  II was  r e l a t ed  to the m o r e  rap id  synthesis  of the col lagenolyt ic  enzyme.  

By des t roying the endoplasmic  re t icu lum,  CCla s e p a r a t e s  the m e s s e n g e r  RNA f r o m  the po lysomes .  
F r e e  RNA is rapidly  degraded,  and the p ro te in - syn thes iz ing  abil i ty of the r i b o s o m e s  can be r e s t o r e d  by 
binding other  RNAs to them [4, 10, 13[. P r e l i m i n a r y  injection of CC14 can thus lead to an exchange of in- 
fo rmat ion  for  pro te in  synthes is .  This  could the re fo re  be why the effects  of exogenous RNA could be ob- 
se rved  in the per iod of r egenera t ion  of the l ive r  a f t e r  poisoning with CC14, whe reas  numerous  a t tempts  to 
obtain this  effect  in intact an imals  and a f te r  poisoning with ac t inomycin  D were  unsuccessfu l .  

The w r i t e r s  cons ider  that the mechan i sm of action of homologous hepat ic  RNA during r egene ra t ion  
of the l iver  may  be identical  with the mechan i sm of action of p repa ra t ions  of bone RNA during r e g e n e r a -  
t ion of bones  [1]. The work  of A. M. Belous et al. has  shown that  cy top lasmic  RNA can s t imulate  pro te in  
synthes is  and the synthes is  of the c h a r a c t e r i s t i c  ce l lu la r  m e s s e n g e r  RNA, although to a l e s s e r  degree  than 
nuc lear  m e s s e n g e r  RNA. Such s t imulat ion of the synthesis  of m e s s e n g e r  RNAs af te r  par t i a l  hepa tec tomy 
may  be the explanation of the observa t ion  made by Sarkisov and Rubetski i  [3] that this opera t ion  can lead 
to r e g r e s s i o n  of the c i r r h o s i s  of the l iver  a f te r  CC14 poisoning. 
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