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Inject ion of RNAs isola ted  f r o m  c h i c k e n l i v e r  into chick e m b r y o s  i n c r e a s e s  the weight of the l iver  
and s t imula tes  incorpora t ion  of p32 into the RNA of the embryonic  l ive r  but has  no apprec iab le  effect on the 
nucleic acid content in the l ive r .  

P r e s e n t  t heo r i e s  concerning the m e c h a n i s m s  control l ing growth of t i s sues  and organs  in embryogene -  
s is  a r e  l a rge ly  based on expe r imen t s  in which the effect  of homogenates ,  organ ex t rac ts ,  and re la t ive ly  un- 
pur i f ied  f rac t ions  of these  ex t r ac t s  on embryonic  growth was invest igated [11, 12, 19]. It is  n e c e s s a r y  at 
th is  s tage to obtain concre te  evidence of the chemica l  na ture  of the f a c to r s  de te rmin ing  the effect  of ex t r ac t s  
[5] on growth of o rgans .  

The object  of this  invest igat ion was  to study the effect  of m e s s e n g e r  RNA (mRNA) and r ibosomal  RNA 
(rRNA) f r o m  chicken l ive r  on growth of the embryonic  l iver ,  on i ts  nucleic acid content, and on inco rpora -  
t ion of p32 into these  nucleic acids .  

EXPERIMENTAL METHOD 

Expe r imen t s  were  ca r r i ed  out on 1560 chick e m b r y o s  of the ~Russian White" breed,  at the 8th and 12th 
days  of incubation. RNA f rac t ions  co r respond ing  to mRNA, rRNA, and rRNA-CN (r ibosomal  RNA of the 
c h r o m o s o m e s  and nucleoli) were  isolated f r o m  chicken l i v e r s  by Geogiev ' s  method [2], and the i r  c h a r a c t e r -  
i s t i cs  a r e  desc r ibed  e l sewhere  [1]. The RNA p r e p a r a t i o n s  were  injected into the e m b r y o s  on the chor ioa l -  
lantois .  The r a t e  of growth of the l ive r  was  es t imated  f rom changes in the re la t ive  weight of the organ, 
which is  c o r r e l a t e d  [10] with changes  in mitot ic  act ivi ty in the l ive r .  The content of nucleic acids in the 
embryonic  l ive r  was invest igated 3, 6, and 12 h a f te r  injection of RNA as  desc r ibed  in [18] and by subse-  
quent spee t ropho tomet ry  [9]. In expe r imen t s  in which the effect  of RNA on incorpora t ion  of p32 into the nu- 
cleic  acids was studied, 50-100 #Ci p32 as Na2Hp3204 was  injected through the same  hole in the shell  1 h af-  
t e r  inject ion of the RNA frac t ion  [13]. 

Incorpora t ion  of p32 into the nucleic acids  and the specif ic  act iv i ty  of the ac id-so luble  phosphate  were  
de te rmined  by the usual  methods [8, 16]. Sta t is t ical  t r e a t m e n t  of the r e s u l t s  was ca r r i ed  out by the usual  
methods  of var ian t s ,  d i spers ion ,  and r e g r e s s i o n  ana lys i s  [6]. 

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

The weight of the l ive r  was  inc reased  24 h a f t e r  inject ion of the t es ted  RNA f rac t ions  into 12-day chick 
e m b r y o s .  The f rac t ion  cor responding  to mRNA caused o rgan - spec i f i c  s t imulat ion of l iver  growth s tar t ing  
with a dose  of 1.3 ~g p e r  embryo ,  while rRNA had a s t imulant  act ion only f rom a dose of 5-7 ~g {Fig. 1). 
Inject ion of l a rge  doses  of RNA was  accompanied  by nonspecif ic  s t imulat ion of an i nc r ea se  in weight of the 
e m b r y o s  agains t  the background of which the i nc rea se  in weight of the l ive r  was not significant .  The ob- 
se rved  effect  cannot be explained by accumula t ion  of wa te r  in the t i s sues ,  because  it was  not accompanied  
by a d e c r e a s e  in the content of dry  res idue  in the l ive r .  

The s t imulant  effect  of the RNA f rac t ions  studied was  a lso  observed  when they were  injected on the 
8th day of incubation. 

Depar tment  of Exper imen ta l  Embryology,  Insti tute of Exper imenta l  Biology, Academy of Medical 
Sciences  of the USSR, Moscow (Presen ted  by Academic ian  of the AMN SSSR S. E. Severin) .  T rans la t ed  
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Fig. 1, Effect of injection of RNA fract ions  (in 
a dose of 7 pg) on relat ive weight of l iver ,  a) Sti- 
mulant action of RNA as a function of dose. I) 
mRNA; II) rRNA; III) rRNA-CN. Absc i ssa :  
dose (in pg); ordinate:  excess  of experimental  
over control  value (in %) ; b) effect of t rea tment  
with r ibonuclease on stimulant activity of RNA. 
Relative weight of l iver  multiplied by 100plotted 
along ordinate.  
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Fig. 2. Effect of injection of RNA 
fract ions  on incorporat ion of 1 :)32 
into l iver  RNA of chick embryos .  
I) Control  (injection of 0.85% NaC1 
solution; RSA values in control  with- 
out injection were identical) ; ID 
rRNA;IID mRNA. Absc issa :  t ime 
(in h) ; ordinate: re la t ive specific 
activity of RNA phosphorus (in %). 

The increase  in weight of the l iver  caused by injection of RNA into 12-day embryos  was t ransient .  It 
w a s  no longer found at the 18th day, distinguishing this effect f rom a react ion of the graft  ve r sus  host type, 
The observed effect of RNA is analogous to the action of ex t rac ts  on l iver  growth observed by other workers  
[19], Trea tment  of the RNA prepara t ions  with r ibonuclease  abolished their  act ion (Fig. 1). Injection of com-  
merc ia l  RNA (Sigma), of RNA isolated f rom ra t  l iver  and rabbit  brain, and also of bacter ia l  RNA produced 
no stimulant effect. 

Injection of RNA prepara t ions  isolated f rom chicken l iver  and producing an increase  in weight in the 
embryos  had no appreciable effect on the absolute content of nucleic acids in the l iver  t issue.  The resul t s  
indicate a difference between the p roce s s  investigated and the increase  in weight of the l iver  during r e -  
generat ion hypert rophy [15] or under the action of DNP in the postnatal  period [3], when an inc rease  in the 
content of both RNA and DNA is observed in the l iver .  The stability of the nucleic acid content in the l iver  
observed when growth of the l iver  is st imulated by injection of RNA may be associa ted with the higher ra tes  
of growth of the embryonic  liver, so that the increase  in RI~A is compensated by an increase  in weight, or 
with the fact that st imulation of growth of the embryonic  l iver  is accompanied by the st imulation of dif ferent i -  
ation to an extent marked by a gradual dec rease  in the content of nucleic acids in the l iver  of embryos  be-  
tween the 8th and 12th days of development [17]. The nucleic acid content is not therefore  so rel iable a 
c r i te r ion  of changes in the rate  of growth in the embryonic  l iver  as  in the postnatal  per iod.  Meanwhile, the 
increase  in the velocity of nucleic acid synthesis  in the embryonic  l iver  would be adequate evidence of the 
stimulation of active growth of the organ because,  despite a number of objections [7], many inves t igators  [8] 
consider  that the incorporat ion of labeled p r e c u r s o r s  into nucleic acids to some extent re f lec t s  the velocity 
of synthesis  of these acids.  

The resu l t s  of investigation of the effect of the adminis tered  RNA on renewal of RNA in the embryonic  
l iver  a re  shown in Fig. 2. The re la t ive  specific activity (RSA) of the l iver RNA was increase  by the action 
of mRNA by 8.9 t imes after  3 h, by 3.1 t imes after 6 h (1 D = 0.001), and by 1.4 t imes af ter  12 h (P = 0.04) ; 
rRNA caused a smal le r  increase  in RSA: by 4.6 (P = 0.001), 1.5, and 1.2 t imes (tendency toward increase  
only), respect ively .  The effect of both rRNAs was similar ,  for RSA of DNA following the adminis t ra t ion of 
both mRNA and rRNA to the embryos  exceeded the control  value in all exper iments  by 200-250 and 40-50% 
respect ively ,  although the radioact ivi ty of the DNA phosphorus was low, especial ly 3 and 6 h after  introduc-  
tion of the label.  Bear ing in mind this fact and also the possibi l i ty of contamination of the DNA fract ion by 
RNA, which has a higher RSA, the resu l t s  indicating the effect of substances injected into the embryo on in- 
corporat ion of 1 D32 into DNA must  be interpreted with caution. A final conclusion concerning an increase  in 
RSA of DNA under the influence of the substances injected can therefore  be drawn only af ter  exper iments  
with labeled thymidine. 
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It can thus be cons idered  that injection of l iver  RNA f rac t ions  into e m b r y o s  causes  s t imulat ion of 
growth of the l iver ,  i .e.,  that the i r  act ion is  s im i l a r  to that  of l iver  ex t rac t s .  This  fact  mus t  be allowed for  
during d i scuss ion  of hypotheses  on growth r e g u l a t o r s  based  on e x p e r i m e n t s  with ex t rac t s .  The i nc r e a se  in 
RNA renewal  in the embryon ic  l i ve r  t i s sue  under  the influence of injected RNAs may  have seve ra l  explana-  
t ions.  It is  poss ib le  that  the injected RNAs, when they pene t ra t e  into the cell,  s t imulate  pro te in  synthesis ,  
which leads  to a secondary  acce l e ra t ion  of nucleic acid synthes is .  However,  a t t empts  by immunologic  me th -  
ods in vivo to detect  a p ro te in  whose syn thes i s  might be induced by injection of heterologous  RNAs into the 
e m b r y o s  were  unsuccessful ,  although this  has  been demons t ra t ed  in expe r imen t s  in v i t ro  [4, 14]. A poss ib le  
explanation could be that the RNAs injected, or  the p roduc t s  of thei r  mild breakdown, cause  the fo rmat ion  
(or l iberation) of an unknown fac tor  r espons ib le  for  growth s t imulat ion in the t i s sues .  

The authors  a r e  gra te fu l  to t~. M. Kogan, Head of the Centra l  Resea rch  Labora to ry  (TsNIL) of the 
Second Moscow Medical Insti tute and to V. A. Chistyakov, Head of the Radiological  Labo ra to ry  of TsNIL for  
the i r  a s s i s t ance  with these  expe r imen t s .  
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