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The intensi ty  of growth was com pa red  in organ  cul tures  of l ive r  f r agmen t s  of adult m ice  3, 24, and 
72 h a f t e r  exposure  of the m i c e  to CC14 vapor .  P ro l i f e r a t ion  of the hepat ic  p a r e n c h y m a  was obse rved .  The 
l a r g e s t  zone of growth was found in cul tures  explanted 72 h a f te r  CC14 poisoning. These  cul tures  syn the-  
s ized  speci f ic  p r o t e i n -  s e r u m  albumin (detected by the gel-diffusion reac t ion) .  L ive r  explants of adult con-  
t ro l  m i c e  did not grow and did not syn thes ize  albumin under  these  conditions.  

The pa renchyma tous  t i s sue  of the adult l ive r  grows poor ly  in t i s sue  cul tures ,  but in submerged  cul-  
t u re s  r egene ra t i ng  l ive r  t i s sue  f o r m s  a mixed  connec t ive - t i s sue  and epi thel ial  zone of growth [4]. There  is 
cons iderab le  difficulty in a s s e s s i n g  the c h a r a c t e r  of the epi thel ial  cel ls  in it. 

In the p r e s e n t  invest igat ion the method of organ  cultivation on m e m b r a n e  f i l t e r s  r e su l t ed  in growth 
and dif ferent ia t ion in v i t ro  of pa renchymatous  cel ls  of the r egene ra t ing  adult l iver .  Evidence of this was 
given by  the morphology  of the cul tures  and the fac t  that they synthes ized  s e r u m  albumin.  

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

Male mice  of line C3HA, aged 2-3 months ,  were  exposed to CC14 vapo r  for  15 rain [!]. The l i ve r  of 
an imals  s ac r i f i ced  3, 24, and 72 h a f t e r  poisoning, and a lso  the l iver  of control  mice ,  were  used for  cu l t iva-  
tion. The l i ve r  was cut up into 2-3 m m  f r agmen t s  and washed in 3 changes of med ium No. 199. The f r a g -  
men t s  w e r e  then p laced  on the su r face  of AUFS mi l l i po re  f i l t e r s  and cul t ivated in a Conway dish by the 
method desc r ibed  p rev ious ly  [3]. The med ium was changed a f t e r  48-72 h. Each Conway dish at the begin-  
n ingof  cul t ivat ion contained 13-14 cul tures  p r e p a r e d  f r o m  the l iver  of the s ame  animal .  The cul tures  were  
fixed on the l s t -15 th  day of cult ivation.  The f i l t e r s  were  s ta ined as total  p r epa ra t ions  with a l u m - h e m a t e x y -  
1in, and sec t ions  cut f r o m  the f r a g m e n t s  were  s ta ined with hematoxyl ineos in  and by the PAS method and 
counters ta ined  with hematoxyl in .  Al together  74 cul tures  were  studied.  

Serum albumin in the cul ture  med ium was de te rmined  a f te r  each change of med ium by OuchterlonyTs 
double diffusion in gel method in the s em i m ic romod i f i c a f i on  of Gusev and Tsvetkov [2]. A s tandard  tes t  
s y s t e m  was used  to de t e rmine  albumin.  This consis ted  of a r abb i t  an t i s e rum agains t  the s e r u m  of adult 
m ice  and the albumin p r e p a r a t i o n  taken in opt imal  concent ra t ions ,  obtained f r o m  mouse  s e r u m  a f te r  zonal 
e l e c t r o p h o r e s i s  in gel.  The cul ture  med ia  were  concent ra ted  by addition of an equal vo lume of t r i c h l o r o -  
acet ic  acid solution to the med ium.  A 10% solution of NaOH was added drop by drop to the p rec ip i t a t e  fo r  
f o r m e d  a f t e r  centrffugat ion until it had comple te ly  d issolved.  In this way the cul ture med ium was concen-  
t r a t ed  5-7 t imes .  The r e su l t s  of the p rec ip i t a t ion  reac t ion ,  c a r r i e d  out at room t e m p e r a t u r e ,  were  r eco rd ed  
a f t e r  24 h and e s t ima ted  semiquant i ta t ive ly  f r o m  a s tandard  sca le  [1]. 

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

Mass ive  n e c r o s i s  of the t ransp lan ted  t i s sue  without apprec iab le  signs of r egene ra t ion  took p lace  in 
cul tures  of n o r m a l  l i ve r .  No zone of growth was p r e s e n t  around the p ieces  of the f i l t e r s ,  o r  single f i b r e -  
b l a s t - l i k e  cel ls  appea red .  
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TABLE 1. Serum Albumin in Culture Medium of Adult Mouse L i v e r  
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Fig .  1, 12-Day cul ture  of l i ve r  explanted 72 h 
a f te r  CC14 poisoning.  Hematoxyl in ,  200 •  

During the f i r s t  4 days of cultivation, migra t ion  of 
s ingle f ib rob las t s  was obse rved  on the f i l t e r  in l i ve r  cul-  
tu res  explanted 3 h a f t e r  exposure  of the mice  to CC14, 
while on the 6th and 9th days a smal l  zone of growth ap -  
pea r ed  in half  of the cases ,  consis t ing of l i ve r  cel ls  with �9 
a sma l l  admixture  of f i b rob la s t - l i ke  cel ls .  Inside the 
f r agmen t s  n e c r o s i s  of the hepat ic  p a r e n c h y m a  took place ,  
with the p r e s e r v a t i o n  and p ro l i fe ra t ion  of a sma l l  num-  
b e r  of f ib rob las t - l ike  cel ls .  

In cul tures  exptanted 24 h a f t e r  CC14 poisoning, 
a f te r  cultivation for  24 h migra t ion  of s ingle connect ive-  
t i s sue  cel ls  was obse rved  on the f i l t e r ,  and a f t e r  4 days 
the cul tures  were  sur rounded by a connec t ive- t i s sue  zone 
of growth. After  6 days this zone of growth around the 
f r agmen t  consis ted  la rge ly  of typical  l i ve r  cel ls  fo rming  
cha rac t e r i s t i c  columns,  but no continuous m e m b r a n e s  
were  p resen t .  The p e r i p h e r a l  p a r t  of the zone of growth 

cons is ted  chiefly of connect ive t i s sue .  Af ter  8-18 days the p ieces  were  surrounded by a wide, s t ra t i f i ed  
zone of growth, consis t ing of connect ive t i s sue  and l i v e r  ce l l s .  Ins ide  the f r a g m e n t s  on the 4th-6th day m o s t  
of the l i ve r  t i s sue  was necro t i c ,  but a l aye r  of intact  l ive r  cel ls  r ema ined  on the su r face  of the f r a g m e n t s .  
On the 8th-13th day m i t o s e s  we re  found in this region,  while the zone of surv iv ing  l ive r  cel ls  had inc reased  
in s ize  and cons is ted  of between 4 and 6 cell l a y e r s .  

In cul tures  explanted 72 h a f t e r  CC14 poisoning, a f t e r  cult ivation fo r  24 h the f r a g m e n t s  were  s u r -  
rounded by a l a rge  zone of growth consis t ing of hepat ic  and connec t ive - t i s sue  ce l l s .  At al l  l a t e r  per iods  
the zone of growth in these  cul tures  was much l a r g e r  than in cul tures  of l i ve r  t i s sue  explanted 24 h a f te r  
CC14 poisoning.  

On the 6th-13th day the extens ive ,  s t r a t i f i ed  zones of growth consis ted  of connec t ive - t i s sue  cel ls  lying 
on the upper  su r f ace  of the f i l t e r s  and covered  with l a rge  epithel ial  m e m b r a n e s .  These  consis ted  of s e v e r a l  
l a y e r s  of cel ls ,  mos t l y  col lected into sma l l  columns of 4-10 cel ls .  The hepat ic  cel ls  p ro l i f e r a t ed  intensively,  
and the tendency to f o r m  columns was m o r e  m a r k e d  in the p laces  where  they lay on the sheet  of connective 
t i s sue  and not d i rec t ly  on the f i l t e r  su r f ace .  

Star t ing on the 4th day and continuing until  the end of observa t ion ,  inside the f r agmen t  cent ra l  nec ros i s  
was accompanied  by p ro l i f e ra t ion  of l ive r  cel ls  so that a f t e r  the 8th day l a rge  a r ea s  at the p e r i p h e r y  of the 
explants  consis ted of v iable  hepat ic  t i s sue  (Fig. 1). 

The l i ve r  cel ls  lying in the zone of growth and inside the f r a g m e n t s  p o s s e s s e d  the c h a r a c t e r i s t i c  m o r -  
phological  p r o p e r t i e s  and contained glycogen. 

After  48 h, s e r u m  albumin was found in the cul ture  fluid ( l s t  change) of no rma l  l i ve r  and of l iver  taken 
f r o m  the an imals  3, 24, and 72 h a f te r  CC14 poisoning.  In subsequent  (until the 13th day) changes a lbumin 
was m o s t  c l ea r ly  identified in med ium in which l i ve r  explanted into the cul ture 72 h a f t e r  CCt 4 poisoning 
was incubated.  Albumin was detected in t r a c e s  in the cul ture  medium into which the l ive r  was p laced 24 h 
a f t e r  CC14 poisoning.  During cult ivation of n o r m a l  l i ve r  no albumin was found in the medium (Table 1). 

532 



Fig. 2. Zones of growth of l l - d a y  l iver  cul tures  
explanted 24 h (II) and 72 h (III) a f te r  CC14 poison-  
ing and without exposure  to CCI 4 (I). Hematoxylin.  

Adult l iver  t issue thus grows well under organ 
cultivation conditions in v i t ro  only if the l iver  of mice  
poisoned with CC14, i .e. ,  undergoing regenera t ion ,  is 
used.  Under these c i rcumstances ,  p ro l i fe ra t ion  of 
hepat ic  cells ,  the format ion  of epithelial  membranes ,  
and the format ion  of s t ruc tu re s  resembl ing  hepat ic  
columns a re  observed  both in the zone of growth and 
inside the frag~nent. On the 4th-12th day of explanta-  
tion a c lear  quantitative: difference was observed  be -  
tween the degree  of pro l i fera t ion  of the l iver  cells (the 
s ize  of the zone of growth) in l iver  cul tures of mice  
poisoned with CC14 3, 24, and 72 h before  explantation; 
the l iver  explanted af ter  72 h grew much more  inten-  
s ively at these t imes  than that explanted af te r  3 h (Fig. 
2). In the course  of fu r the r  cultivation this d i f ference 

d isappeared .  Accumulation of albumin in the cul ture media  of l iver  organ cul tures during repea ted  changing 
of the medium is evidence of synthesis  of this pro te in  in cul ture.  The possibi l i ty  of elution of albumin f rom 
l iver  f ragments  during the investigation can be ruled out by the case of a cul ture obtained f rom l iver  of a 
normal  mouse,  where  albumin was detected only in the f i r s t  change of medium.  The degree  of accumulat ion 
of albumin in the medium cor responded  bas ica l ly  to the morphology of the cul tures .  The content of this pro -  
tein in cul tures  of l ive r  explanted 72 h af te r  CC14 poisoning was always g rea t e r  than in cul tures taken at 
d i f ferent  t imes  af te r  exposure  to CC14. 

Albumin synthesis  is additional evidence of growth and functioning of cells of the hepatic parenchyma 
in the cu l tures .  Other evidence is given by the morphology of the cul tures .  Consequently, a f te r  CC14 poison-  
ing changes take place  in the l iver ,  increas ing  in degree  f rom 3 h to 72, promot ing  growth of l iver  cells  un-  
der  explantation conditions.  

A cor re la t ion  exis ts  between the degree  of lymphocytic  infi l t rat ion of the l iver  explanted in v i t ro  at 
different  t imes  a f t e r  CC14 poisoning and the degree  of growth of the explant in vi t ro  (Fig. 2). The possibi l i ty  
is thus not ru led out that lymphocytes  may  play an impor tant  ro le  in the regenera t ion  of the l iver  a f te r  CC14 
poisoning. 
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