
of the spleen and all colonies of granulocyt ic  hematopoies i s  were  p re sen t  in the subcapsu la r  zone. The  num-  
b e r  of megaka ryoc y t e s  was ve ry  considerable :  up to 20 pe r  field of vis ion in the sect ions (140• 

Af ter  inject ion of AES followed by bone m a r r o w ,  p ro l i fe ra t ion  of ce l l s  of the e ry thro id  s e r i e s  was m o r e  
m a r k e d  and that  of the megakaryocy t i c  s e r i e s  l ess  ma rked  than a f t e r  injection of ATS. Foci of hematopo ies i s  
consis t ing of ce l l s  of all  th ree  s e r i e s  (colonies of mixed t y p e ) w e r e  found in the subcapsu la r  zone. 

The r e su l t s  of these  invest igat ions  show that  loci  of hematopo ies i s  (microcolonies)  may be fo rmed  in 
the spleen of un i r r ad ia t ed  m i c e  a f t e r  r epea ted  injections of immune  cytotoxic s e r a .  The  fo rmat ion  of m i c r o -  
colonies  connected with the functioning of hematopoie t ic  s t e m  cel l s  is evidently not speci f ic  for  the i r r ad ia ted  
o rgan i sm.  
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The u l t r a s t r u c t u r e  of pa renchymatous  and s t r o m a l  ce l l s  was studied in re la t ion  to r e v e r s i -  
bili ty of exper imenta l  c i r r h o s i s  of the l i ve r  in ra t s  under  o rd inary  conditions and a lso  under  
the influence of exogenous RNA admin i s t e r ed  in va r ious  ways.  The dynamics  of the changes 
in cel l  u l t r a s t r u c t u r e  c o r r e l a t e d  with the dynamics  of the quanti tat ive indices.  A shor t  cou r se  
of RNA was found to have  a benef ic ia l  ro te  on in t r ace l lu l a r  r e p a r a t i v e  regenera t ion  of the 
hepatocytes ,  but a long c o u r s e  had an a d v e r s e  effect.  Both pa renchymatous  and s t r o m a l  cel ls  
take p a r t  in the r e s o r p t i o n  of col lagen.  

KEY WORDS: r e v e r s i b i l i t y  of c i r r h o s i s  of the l iver ;  ef fect  of exogenous RNA; u l t r a s t r u c t u r e  
and function; p a r e n c h y m a  and s t roma ;  r e so rp t ion  of collagen. 

Severa l  w o r k e r s  have demons t r a t ed  the r e v e r s i b i l i t y  of sc le ro t i c  changes in the l i ve r  [8, 12, 14]. An 
impor tan t  ro le  in the r e so rp t ion  of col lagen is a s c r i bed  to the ce l l s  both of the p a r e n c h y m a  and of the s t r o m a  
of an o rgan ,  including Kupffer  cel ls  [6, 8, 10, 14, 15]. However ,  the m e c h a n i s m  of r e so rp t ion  of the excess  of 
f ibrous  t i s sue  has  not been finally elucidated.  

One of the main  metabol ic  p r o c e s s e s  concerned  in the r egenera t ion  of the pathological ly  changed organ  
is p ro te in  b iosynthes is  p r o g r a m m e d  by nucleic acids .  The abili ty of exogenous nucleic acids or  the i r  hydro ly-  
s is  products  to s t imula te  r egenera t ion  has been demons t r a t ed  [5, 9-11]. Never the less ,  this p rob lem continues 
to p rovoke  d iscuss ion .  The effect  of nuc le ic  acids on the subce l lu la r  mani fes ta t ions  of r e p a r a t i v e  r e g e n e r a -  
tion of the l i ve r  has  not been studied at all .  

In this invest igat ion the r eve r s i b i l i t y  of the subce l lu la r  changes and indices of the p ro te in -syn thes iz ing  
function of the c i r rho t i c  l i ve r  we re  studied at  d i f ferent  s tages  of r egenera t ion  of the organ  under  o rd inary  
conditions and under  the influence of exogenous o rgan- spec i f i c  RNA. 
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Fig. 1. Ultrastructure of hepatocytes, Kupffer ceils, and collagen fibrils during post- 
toxic spontaneous regeneration of cirrhotic rat  liver; a, b, c) fragments of hepato- 
cytes 60, 8, and 40 days, respectively,  after end of exposure to CC14 (magnification: a, 
b -30 ,000x ,  c -22 ,500x) ;  d) fibrils showing loss of contrast of periodic striation, and 
floccules of lysed collagen in Desse 's  space 40 days after end of exposure to CC14 
(50,000x); e ) p a r t o f a  Kupffer cell 60 days after end of exposure to CC14 (25,000x). GER) 
Granular endoplasmic retieulum; D) Desse's space; C) collagen; L) lysesome; M) mit-  
ochondrion; PM) plasma membrane; PP) pseudopodium; N) nucleus; G) glycogen; LIP) 
lipid drop. Arrow pointsto class matos is of part of the cytoplasm of a hepatocyte. 

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

Cirrhosis of the liver was induced in male Wistar rats weighing 180-230 g by inhalation of CC14 for 4 h 
at a time, twice a week for 6 weeks [14]. Samples of l iver and blood were taken from decapitated animals 8, 
20, 40, and 60 days after  the last exposure to CCI 4 and also after intraperitoneal or intramuscular injection of 
high-polymer total RNA from bovine liver,  purified by the phenolic method (a product of the Special Design 
and Technology Bureau for Biologically Active Substances, Siberian Branch, Academy of Sciences of the USSR), 
on the 20th, 40th, and 60th days of regeneration starting from the 8th day after  the last inhalation of CC14. 
RNA in Ringer's solution was injected on alternate days in a dose of 5 rag/100 g body weight. The solvent was 
injected into control rats.  Samples of l iver were studied in the IEM-7A electron microscope. The total blood 
protein was determined refractometr ical ly.  Serum proteins were fractionated by Gurvich's method [4] and 
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Fig. 2. Dis t r ibut ion of r a t  s e r u m  pro te in  
f rac t ions  (A) and change in a l b u m i n -  
globulin ra t io  (]3) at di f ferent  s tages  of 
spontaneous post toxic r e p a r a t i v e  r e g e n e r -  
ation of the l iver ,  and a lso  during i n t r a p e r -  
i toneal and i n t r amuscu l a r  injection of organ-  
spec i f ic  RNA. A: 1) albumin; 2) ~l-globulin;  
3) ~2-globulin; a) spontaneous regenera t ion;  
b) in t raper i tonea l  injection of RNA; c) i n t r a -  
m us cu l a r  injection of RNA. Absc i ssa ,  control  
and days a f t e r  end of exposure  to CC14; ordinate,  
quant i ta t ive indices of f rac t ions  (in g%). B: 6) 
control;  7) 8 days a f t e r  las t  inhalation of CC14; 
8) spontaneous regenera t ion ;  9) in t raper i tonea l  
injection of RNA; 10) i n t r amuscu l a r  injection of 
RNA. Absc i s sa ,  days  a f t e r  end of exposure  to 
CC14; ordinate,  a lbumin -g lobu l in  rat io.  

w e r e  then es t ima ted  co lo r ime t r i ca l ly .  The r e su l t s  we re  subjected to s ta t i s t i ca l  analysis .  The probabi l i ty  of 
s ignif icance of d i f fe rences  between means  was e s t ima ted  by Student 's  test .  Di f ferences  we re  r ega rded  as s i g -  
nificant when P < 0.05. 

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

At all t imes  of r egenera t ion  studied no c l ea r ly  defined changes in the u l t r a s t r u c t u r e  of the hepatocytes  
could be found, such as we re  obse rved  immedia te ly  a f t e r  the end of a s i m i l a r  cou r se  of CC14 poisoning [2]. At 
the t imes  of obse rva t ion  a p r o g r e s s i v e  normal iza t ion  of hepatocyte  u l t r a s t r u c t u r e  was noted, but even 60 days 
a f t e r  the las t  dose of CC14 it was not comple te ly  r e s t o r e d  (Fig. la) .  Besides  a d e c r e a s e  in the number  of l i p i d  
drops  and the appea rance  of glycogen granules  in the cel ls ,  the tubules of the g ranu la r  endoplasmic re t icu lum 
(GER) r ema ined  unequally dilated; the num ber  of r i bosomes  was reduced; po lysomes  w e r e  pa r t i cu l a r ly  few in 
number .  Condensat ion of the bas ic  m a t e r i a l  of the cel l  cy top lasm was observed.  The ma t r ix  of the mi tochon-  
d r i a  in the late  s tages  of r egenera t ion  was condensed and the normal  o rde r ly  a r r a n g e m e n t  of the c r i s t a e  was 
r e s to red .  The mos t  m a rked  changes in GER and the m o s t  marked  dyspro te inemia ,  mani fes ted  as a c o n s i d e r -  
able reduct ion in the a lbumin concent ra t ion  and an inc rease  in the coa r se ly  d i spe r sed  globulin f rac t ions ,  were  
found on the ~ day a f t e r  the l as t  inhalation of CC14 (Fig. 2A). This  was evidence of depress ion  of the p ro t e in -  
synthesiz ing function of the hepatocytes  and, converse ly ,  act ivat ion of ce l l s  of the re t iculoendothel ia l  s y s t e m  
(RES). Albumin is known to be synthes ized  only by hepatocytes ,  whereas  y-globul in  is synthesized by RES cel ls  
[13], which include Kupffer  cel ls .  In the next s tages  of r egenera t ion  the: re la t ive  normal iza t ion  of GER was ac -  
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Fig. 3. Ultrastructure of hepatocytes, Kupffer cells, and collagen 
fibrils following injection of organ-specific RNA at different stages 
of posttoxic regeneration of the cirrhotic rat  liver: a, b) fragments 
of hepatocytes of rats receiving RNA intraperitoneally during 20 days 
after  end of exposure to CC1 a (magnification: a) 15,000 x, b) 30,000x); 
c) part of hepatocyte of ra t  receiving RNA intramuscularly for  20 days 
after  end of exposure to CC1 a (25,000 • d) fragment of hepatocyte of 
rat  receiving RNA intraperitoneally for  60 days af ter  end of exposure 
to CC14 (25,000x); e) part  of hepatocyte and Desse's space with frag-  
mented and lysed collagen fibrils after 60-day course of intraperiton- 
eal injections of RNA in posttoxic period {40,000• f) part of Kupffer 
cell with phagocytosed collagen after intraperitoneal injection of RNA 
for  40 days after  end of exposure to CCI a (20,000• MF) Microfibrils 
of lysed collagen; P) polysomes. Remainder of legend as in Fig. i .  

eompanied by an increase in the albumin concentration approximately to the control level and by a decrease in 
the coarsely dispersed globulin fractions (Fig. 2A, a), and these changes were part icularly marked by the 60th 
day. The albumin-globulin ratio accordingly returned almost to normal (Fig. 2B). 
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In the cou r se  of the invest igat ion the signs of ~se l f -pur i f ica t ion"  of the hepatocytes  continued to develop, 
as shown by an i nc rea se  in the number  of autophagic vacuoles  containing a l t e red  mitochondria .  The man i -  
fes ta t ions  of c l a s m a t o s i s  were  cor responding ly  intensified. The pa r t  s epa ra t ed  f r o m  the hepatocyte  usual ly  
contained osmiophi l ic  m e m b r a n o u s  fo rmat ions  (Fig. lb) o r  lipid drops ,  which indicated the r emova l  of m e t a -  
bol i tes  and excess  l ipids in this way during post toxic  in t r ace l lu la r  regenera t ion .  

A v e r y  c h a r a c t e r i s t i c  f ea tu re  was the inc reased  abil i ty of the hepatocytes  to f o r m  pseudopodia (Fig. l c ,  
d). Often the pseudopodia could be  seen  to " se i ze"  bundles of col lagen f ib r i l s ,  as desc r ibed  prev ious ly  [6], 
when as a ru le  mi tochondr ia  and a lso  l y s o s o m e s ,  some  of them lying ex t race l lu la r ly ,  among the swollen and 
pa r t i a l ly  lysed col lagen f ibers ,  could be  seen  in the d ig i t i form p r o c e s s e s  of cy top lasm (Fig. lc) .  This  loca l -  
izat ion of the mi tochondr ia  and l y s o s o m e s  could be connected with inc reased  expendi ture  of energy  on the 
phagocytic  function of the hepatocytes .  Consider ing the indices fo r  the pro te in  spec t rum (Fig. 2A, a) the m a n -  
if6station of the phagocytic  function of the pa renchymatous  ce l l s  was  p r e sumab ly  accompanied  by a d e c r e a s e  
in a lbumin synthes is .  

At all  per iods  of r egene ra t ion  studied s igns  of i nc reased  act ivi ty  of phagocytes  and Kupffer  ce l l s  w e r e  
observed .  The l a t t e r  we re  unusually l a rge  and contained many secondary  l y s o s o m e s  with osmiophi l ic  m a t e r i a l  
and lipid drops  (Fig. le) .  These  phenomena were  pa r t i cu l a r ly  well marked  8 days a f t e r  the end of exposure  to 
CCI4, when an i nc r ea s e  in the content  of c o a r s e l y  d i s p e r s e d  globulin f rac t ions  was found (Fig. 2A); this was 
evidently connected with ce r t a in  spec ia l  f ea tu re s  of the functional  manifes ta t ions  of the Kupffer  cel ls .  

Cont ras t  of the per iodic  s t r ia t ion  of some of the col lagen f ibr i l s  in the D e s s e ' s  spaces  was reduced at 
the va r ious  t imes  of the invest igat ion and swollen f ibr i l s  and f loccu la r  m a s s e s  we re  f requent ly  v is ib le  (Fig. ld ) ,  
pointing to lys is  of the exces s ive ly  growing f ibe r s .  The l a t t e r  a lso  were  f requent ly  found in the phagocytic 
vacuoles  of the Kupffer  cel ls ;  the f ib r i l s  could be  obse rved  to have  been ' s e i z e d  ~ by the d ig i t i form p r o c e s s e s  
of the ce l l s .  

During r e g r e s s i o n  of the c i r rho t i c  changes  in t he  l i ve r  both hepatocytes  and Kupffer  cel ls  thus took pa r t  
in the r e so rp t i on  of the excess  of collagen,  in conf i rmat ion  of the data obtained by Kalashnikova and Rubetskii  
[6]. The p ro te in - syn thes iz ing  function of the p a r e n c h y m a  gradual ly  re turned  to normal ,  although the initial 
values  had not yet  been r e s t o r e d  2 months a f t e r  the end of exposure  to CC14 (Fig. 2A, a). 

On the 20th day of r egenera t ion  a f t e r  in t raper i tonea  ! injection of RNA marked  normal iza t ion  of the hepa-  
tocyte  organoids  was observed.  Close  to the n o r m a l  numbers  of glycogen granules  and l a rge  a r e a s  of GER 
appeared  in the cel ls  (Fig. 3a). Unusually extensive  a r e a s  of po lysomes  w e r e  v is ib le  in s o m e  hepatocytes  
(Fig. 3b). These  dis t inguishing f ea t u r e s  of the ce l l s ,  taking into account  the data of the pro te in  spec t rum (Fig. 
2A, h), a r e  evidence of the s t imulat ing effect  of exogenous RNA on albumin synthes is  and its inhibi tory effect  
on product ion of globulin f r ac t ions  of p ro te in  at this  s tage  of regenera t ion .  

Af ter  i n t r am us cu l a r  inject ion of RNA the signs of r e s to r a t i on  of the u l t r a s t r u c t u r e  of the hepatocytes  at 
the s a m e  per iod were  much l e s s  m a r k e d  (Fig. 3c). The pro te in  s p e c t r u m  showed only a d e c r e a s e  in the p r o -  
por t ions  of 7 -  and  fl-globulin f rac t ions  (Fig. 2A, c) compared  with the cor responding  per iod of spontaneous 
r egenera t ion  (Fig. 2A, a) and the o ther  indices of the prote in  spec t rum were  identical.  By wha tever  method 
the RNA was injected for  20 days,  au tophagosomes  with changed mi tochondr ia  and membranous  format ions ,  
s igns of c l a s m a t o s i s ,  and a lso  phagocytos is  of col lagen f i be r s  were  s een  m o r e  f requent ly  in the hepatocytes  
than in the control .  

Prolonged in t raper i tonea l  and i n t r a m u s c u l a r  injection of RNA (for 40 and 60 days) led to changes in the 
u l t r a s t r u c t u r e  of the hepatocytes  that  we re  s i m i l a r  to toxic in c h a r a c t e r  (Fig. 3d). Lipid infi l t rat ion increased ,  
the glycogen content  and number  of r i b o s o m e s  fell  sharply ,  and f ragmenta t ion  and vacuolat ion of GER were  
intensified. Organoids  of des t royed  hepatocytes  we re  often v is ib le  in D e s s e ' s  spaces .  These  phenomena w e r e  
l e s s  marked  a f t e r  prolonged i n t r a m u s c u l a r  inject ion of RNA. The p l a s m a l e m m a  of the hepatocytes  was highly 
tor tuous,  and as a r e su l t  it was f requent ly  cut tangent ia l ly  by the plane of the sect ion (Fig. 3e). Lys is  of co l l a -  
gen f ibr i l s  in D e s s e ' s  spaces  was inc reased  (Fig. 3e). 

In t raper i tonea l  injection of RNA for  40 days led to depress ion  of a lbumin synthes is  and an i nc rea se  in the 
o-g lobul in  f rac t ion  {Fig. 2A, b) c o m p a r e d  with the previous  per iod of RNA t r e a t m e n t  and with spontaneous 
r egenera t ion  a f t e r  40 days.  In t raper i tonea l  inject ion of RNA fo r  60 days gave indices of a lbumin synthes is  that  
w e r e  identical  with those at  the s a m e  per iod  of spontaneous regenera t ion ,  but an i nc rea se  in the cz-globulin 
f rac t ions  was observed .  The i nc r ea s e  in the l a t t e r  was assoc ia ted  with degenera t ive  changes developing in 
the pa renchymatous  ce l l s  of the l i v e r  [1, 3], as  the e l e c t r o n - m i c r o s c o p i c  data conf i rmed.  Since cons iderab le  
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breakdown of its molecules under the influence of hydrolysis evidently takes place in the muscle during in- 
t ramuscular  injection of RNA for 60 days, the degenerative changes in the hepatocytes were less marked 
than after intraperitoneaI injection of RNA. The albumin-globulin ratio therefore  returned close to the 
control level (Fig. 2B). 

Hypertrophy and activation of phagocytosis of Kupffer ceils increased considerably during prolonged 
administration of RNA (Fig. 3f), whether injected intraperitoneally or intramuscularly. The phenomena of 
"seizure" of large bundles of collagen fibers were distinctly seen (Fig. 3f). The structural manifestations of 
activation of phagocytosis were probably interconnected also with changes in the protein-synthesizing func- 
tion of the RES cells of the liver. Evidence in support of this view was given by the decrease in the 7-globulin 
fraction after  in t ramuscular  injection of RNA for 40 days (Fig. 2A, c) compared with its value at the same time 
of regeneration under ordinary conditions (Fig. 2A, a). As a result,  the albumin-globulin ratio was higher than 
during spontaneous regeneration (Fig. 2B). 

It can accordingly be concluded from these results that shor t - te rm intraperitoneal injection of RNA 
stimulate intracellular  reparat ive regeneration of hepatocytes. Such regeneration is less marked after intra-  
muscular injection of RNA. Prolonged administration of RNA inhibits protein synthesis destined for intra-  
cellular reparat ive regeneration of hepatocytes, thus giving r ise  to destructive changes in them. The r eve r -  
sibility of the subcellular changes in the l iver after posttoxic cirrhosis  is accompanied by resorption of ex- 
cessively grown collagen fibers,  and cells of both parenchyma and stroma take part in this process by virtue 
of their  increased phagocytic and lyric ability. The lat ter  is considerably intensified after  RNA injection. 
The effect of RNA on the reversibi l i ty  of the subcellular changes in the 20-day period of posttoxic regeneration 
after  intraperitoneal injection is evidently connected with the specific effect of the biopolymers entering the 
l iver instantaneously, whereas intramuscular injection of RNA was less effective because of its pre l iminary 
hydrolysis in the muscle and the more prolonged action of the blood ribonucteases on the way to the liver. In 
the late stages adaptive mechanisms of RNA inactivation are  evidently brought into play. The possibility of 
dtscoordination of the biorhythms of the parenchymatous cells and the rhythm of prolonged administration of 
RNA, in accordance with Sarkisov's concept [7], likewise cannot be ruled out, whereas this is probably not 
particularly important  for  stromal cells, whose collagenolytie function is activated during prolonged RNA ad- 
ministration also. 
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