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Introduction

I t  is generally  kn o w n  th a t  ex p lan ted  tissues of ad u lt o rgan ism  e ith e r 
do  n o t grow  a t all o r th e y  m anifest considerably  less grow th p o te n tia li ty  th a n  
em bryon ic  tissues do. T he n a tu re  of those changes in  th e  developing o rganism  
th a t  cause the cells to  lose th e ir  capacity  fo r p ro lifera tion  in  v itro  is no t 
know n. The p roblem  is p a r tic u la ry  in te restin g  in  connection w ith  r a t  liver 
w hich , a lthough  its  tissu es  in  th e  ad u lt s ta te  do n o t show an y  g ro w th  p o te n ti
a lity  in  vitro, is well k n o w n  for its g rea t regenerative  pow er w ith in  th e  
o rgan ism .

R esearchers engaged in  th e  cu ltu re  o f  liv er tissues (L yn ch , D olianski, 
N ordm ann, etc.) em ployed  a lm o st exclusively em bryon ic  liver. O nly B arta , and  
H arris  cu ltu red  non-em bryon ic  ra b b it liver ; th e  form er from  a d u lt  a n i
m als, th e  la tte r  from  7 to  20 days old ra b b its . B o th  these au th o rs  observed  
g ro w th . Glinos and  Bartlet (1951) noticed th a t  w ith in  a 6 day  p e rio d  liver 
tissu e  cu ltu res of qu ite  y o ung  ra ts  grew in 100 p e r  cen t, w hereas o n ly  45 per 
c en t o f th e  liver of th e  6 to  8 m onths old anim als an d  a m ere 8 p er c en t o f  th a t  
o f  ra ts  a y ear and  a h a lf  of age showed g row th . (C onnective tissue). T h e  sam e 
au th o rs  observed th a t  reg en era ted  liver tissues rem oved from  th e  o rgan ism  
b eh av ed  in  vitro th e  sam e w ay  as em bryonic tissues d id . Abercombie an d  H arkness  
(1951) m ade the  sam e observations.

Searching for th e  cause th a t  would ex p la in  th e  loss of g ro w th  p o te n 
t ia l i ty  suffered b y  th e  a d u lt liver in  vitro, we h av e  investiga ted  th e  b eh av io u r 
o f  nucleic acids th a t  p lay  a decisive role in th e  syn thesis  of p ro te in  in  th e  liv ing  
cell, concen tra ting  on investig a tio n s upon  th e  nucleic acid con ten t o f e x p la n te d  
liv er tissue. These seem ed to  hold  ou t prom ises i t  being know n th a t  w ith  th e  
reg en era tio n  of th e  liver its  nucleic acid con ten t increases and, as has b een  seen, 
a d u lt  liver, too , can be cu ltiv a te d  in  vitro, p rov ided  i t  h ad  been  e x p la n te d  in  a 
s ta te  o f regeneration .
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Methods

The liver expiants have been  prepared in hanging drop, according to  the  m ethod of 
M axim ov, from the liver of chick em bryos from 10 to  15 days old and of embryonic, newborn, 
1, 2, 3, and  4 weeks old, and a d u lt ra ts . Explantation has invariab ly  taken  place in  a 1 to  1 m ix
tu re  o f hen  plasma and chicken em bryo extract and th e  pieces to  be explanted have been sunk 
on to  th e  mica plate. Great care has been taken to secure iden tical conditions for th e  cultivation 
and  th e  preparation of th e  em bryonic  extracts. A t in tervals of three days, the cultures have 
been  w ashed in a fluid composed of 15 parts of chick em bryo ex trac t plus 30 parts  of Thyrode 
so lu tion  plus 60 parts of hum an  umbilical cord serum .

A t th e  time required b y  th e  experimental conditions, th e  cultures have been fixed in 
C arnoy and , in the m ajority  o f cases, embedded in paraffin  th rough  benzol, following alcoholic 
d eh yd ra tion . Sections 7 Ц th ick  h av e  been cut of the em bedded tissues and stained w ith  m ethyl 
g reen  and  pyronine prepared according to  Unna. D ifferentiation  and dehydration has been 
ca rried  ou t first with an equal m ix tu re  of absolute alcohol and  te rtia ry  bu ty l alcohol, th en  with 
tw ice  changed tertiary b u ty l alcohol.

S taining and differentiation  have been carried o u t under identical conditions and  for 
th e  sam e length of time. In  some o f the cases the sections have been m ounted a lternately  upon 
tw o slides. One has been exposed to  ribonucléase digestion prior to  staining w ith m ethyl green 
pyron ine . The ribonucléase so lu tion  has been prepared in the  laboratory, from pancreas of 
c a ttle . The application of crysta lline  ribonucléase m ight have been more reassuring, y e t the 
effect of th e  solution p repared  h as turned out to  be sufficiently specific. Upon ribonucléase 
d igestion  the  pyroninophile substance  disappears com pletely from  the liver tissue, and one 
m ay  say  th a t  pyronine stain ing is specifically suitable to  indicate ribonucleic acid in  the  liver. 
Brachet, too, established th a t  th e  ribonucleic acid of liver is sp lit under the effect of ribonucléase, 
an d  th a t  this a t the same tim e m eans the disappearance of stain ib ility  w ith pyronine. Digestion 
h av in g  invariably produced un ifo rm  results, it has been dispensed w ith in the la te r stages of 
o u r experim ents.

Several of the cultures h ave  been stained in to to  w ith  m ethyl green pyronine, according 
to  S tein  and Gerarde. For d ifferen tia tion  and dehydration  te rtia ry  bu ty l alcohol was used.

E xperim ental Observations

1 . Changes in  the chick embryo liver tissue following explantation. T he c y to 
p la sm  o f liver cells of fro m  10 to  15 days old ch ick  em bryos contain  a fa irly  large 
a m o u n t o f m ateria l w h ich  s ta in s  w ith py ron ine  a n d  w hich, on th e  basis  o f b o th  
se v e ra l lite ra ry  d a ta  a n d  o u r  ribonucléase d igestion  experim en ts, m u st be 
re g a rd e d  as a com plex c o n ta in ig  ribonucleic ac id . I n  the cy toplasm  ribonucleic  
a c id  appears in  th e  fo rm  o f uniform  g ran u les . The cell n ucle i s ta in  
l ig h t  a n d  show a loose c h ro m a tin ic  stru c tu re  , w ith  deeply sta in ing , fa irly  large, 
ro u n d e d  nucleoli. The liv e r  cell cords are se p a ra te d  b y  wide sinuso ids. H ere 
a n d  th e re  h aem atopo ie tic  is le ts  are p e rcep tib le . The histological p ic tu re  and 
th e  s ta in in g  of e x p la n te d  p ieces of liver show  n o  discernible changes in  th e  
f i r s t  h o u r  or two a fte r e x p la n ta tio n .

The  5 hour exp lant. T h e  liver cell cords b eg in  to  dissociate and  in  certa in  
p a r t s  a  decrease in  th e  pyron inoph ile  substance  becom es noticeable.

The 8 hour explant. M arg inal and surface zones from  5 to  15 cells wide 
a p p e a r , in  which th e  rib o n u c le ic  acid co n ten t does n o t decrease, w hereas from  
th e  cells in the in n e r p a r ts  of the ex p ian ts i t  a lm ost com pletely  d isap p ears . 
I n  th e  liver cells o f th e  m arg in a l zone th e  n uc leus stains fa in tly  w ith  m ethy l



T H E  R O L E  O F  N U C L E IC  A CID S IN  T H E  G RO W TH  IN  V IT R O  O F L IV E R  TISSU ES 439

greei«, while the  nucleo lus is conspicuous for its  deep s ta in ing  w ith  pyron ine . 
T he nucleoli in  th e  in side  o f  th e  exp ian ts b e tra y  no such pyron inoph ilia  ; on 
th e  co n tra ry , in  som e cases th e y  are p rac tica lly  im percep tib le . K aryo lysis is 
no ticeab le  along w ith  th e  condensation  of th e  nu c lear m ateria l. T he changes 
in  th e  nucleus are sim ilar to  those  described b y  Cherry in  cytolyzing liv er cells 
of m ice (Figs. 2 an d  3).

The 20 hour explant. Pyron inoph ilia  becom es m ore em phasized in th e  
m arg ina l zone, th is  b e ing  clearly  dem arcated  from  th e  cells form ing th e  in terio r 
of th e  ex p lan t, w here py ron in o p h ilia  is re s tr ic te d  to  th e  cells of som e h a e m a to 
poie tic  islets and  o f th e  connective tissue a t  th e  edge o f the lobules. In  these 
la t te r  p a rts  dense nuc le i s ta in in g  well w ith  m e th y l green are only found .

The 30 hour exp lant. The p ictu re  is u n ch an g ed . P ro lifera tion  o f con
nective  tissue cells beg ins soon a fte r th e  20 th  h o u r  o f cu ltiv a tio n  ; even earlier 
do w andering  cells ap p e a r a round  th e  ex p lan ted  tissue .

The 48 hour expiant. N uclei in  the  in te rio r p a r ts  of th e  ex p lan t begin  also 
to  d isappear.

The 110 to 120 hour explant. In  the m arg in a l zone, th e  p arenchym al cells 
an d  those  of th e  connective tissue  show a p ic tu re  charac teristic  o f increasing 
p ro lifera tion  and  p ro te in  syn thesis (Caspersson, Bracket, K edrovski etc .),
since th e ir  cy top lasm  con ta in s g rea t am ounts o f  ribonucleic acid. T he nuclei 
are large and  vesical. T he nucleo li are also la rge , an d  s ta in  deeply  w ith  p y ro 
n ine  ; th e y  are p a r tic u la r ly  ex tensive  in  th e  o u te rm o st cells of th e  ex p lan t and  
in  th e  area of o u tg ro w th . In  th e  parenchym al cells m itosis is observable. Quite 
m ark ed  is th e  »nucleolus associa ted  chrom atin«  (F ig . 6.).

The 130 hour expiant. The cells in th e  m arg in a l zone d isp lay  no  change. 
T he pro lifera ting  cells are  w ell d iscern ib le .T he ep ith e lia l cells in  the pro lifera tion  
zone are ra th e r  sim ilar to  th e  orig inal liver cells. In  some instances, th e  iso lating  
ep ith e lia l cells are w ell d iscern ib le , a lthough as a ru le  i t  is ra th e r  d ifficu lt to  
sep a ra te  th em  from  th e  cells o f th e  connective tissu e , in  sp ite  of th e ir d iffering 
nucle i and  rounded  nucleoli. T he nucleolus in  en d o th e lia l and  connective tissue 
cells is generally ro d -sh ap ed .

The 170— 190 hour explant. No essen tia l change occurs excep t a de
crease in  py ron inoph ilia . I t  is d ifficu lt to  id e n tify  th e  rem n an ts  o f  liver cells, 
and  th e  place of th e  perish in g  liver tissue is b e in g  ta k e n  b y  a ne tw o rk  of blood 
cells, especially o f re tic u la r  cells and  connective tissu e  (F ig . 4.)

Sum m ing u p , i t  can  be s ta te d  th a t  from  chick  em bryo  liver tissue cu ltu res 
th e  substance  sta in in g  w ith  py ron ine  d isappears w ith in  a re la tive ly  sh o rt tim e , 
excep t from  the  m arg in a l an d  surfaces zones. T h is ind ica tes a rap id  fall in  th e  
a c tiv ity  of th e  p ro te in -b u ild in g  system  of the  nucleo lus and  cyp top lasm . The 
change in  the desoxyribonucleic acid con ten t of th e  nucleus co n stitu tes  a slower 
process. The ribonucleic ac id  co n ten t o f th e  cells in  th e  m arg ina l zone does n o t 
change a t all, and it is from  here th a t  p ro lifera tion  s ta r ts . H ere th e  equ ilib rium
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b e tw e e n  synthesis and  decom position  o f  ribonucleic acid  sh ifts in  th e  d irec tion  
o f sy n th e s is .

I n  o rd e r to  estab lish  w h e th e r  it  is a cond ition  p re lim inary  to  p ro life ra tion  
th a t  th e  parenchym al cells r e ta in ,  or even increase, th e ir  ribonucleic acid  syn- 
ih e t iz in g capacity  during  c u ltiv a tio n , th e  ex p lan ted  pieces o f liver tissu e  have 
b e e n  h a lv e d  8 to  20 hours, respective ly ,fo llow ing  ex p lan ta tio n . T hen  th e  halves 
h a v e  b e e n  slightly m oved a p a r t  and  the space betw een  th em  filled  w ith  fresh 
h en  p la sm a  and chick em bryo  e x tra c t.  In  th is  m an n er, such p a ren ch y m a l cells 
w ere b ro u g h t to  the  surface as h av e  earlier been  in  th e  in te rio r o f th e  ex p ian ts . 
F ro m  th e s e , a considerable p o rtio n  o f th e  ribonucleic acid (in th e  8 ho u r halv ings), 
o r a lm o s t the whole of i t  (in th e  20 ho u r halv ings), d isappeared . O n th e  fresh 
su rfaces  pro liferation  b egan  as e a rly  as 12 hours a fte r  halv ing , and  in  24 hours 
th e  h a lv e s  grew  together com ple te ly , p rovided  th a t  th e y  lay  n o t too w ide ly  a p a rt. 
H is to lo g ic a l exam ination  o f th e  halved  cu ltu res, m ade a t  d ifferen t tim es after 
h a lv in g , rendered  it possible to  estab lish  th a t  th e  basophilia  of th e  cy top lasm  
d id  n o t  re tu rn  in cells th a t  h a d  com e to the surface. This proves th a t  th e  process 
o f  rib o n u c le ic  acid d isap p earan ce  becom es irreversib le  as early  as w ith in  8 hours, 
a n d  t h a t  the cells are in cap ab le  o f sy n th e tiz in g  fresh  ribonucleic acid , a lth o u g h  
in  8 h o u rs  there  is as y e t n o th in g  to  ind ica te  th e  com m encing process except 
t h a t  th e  nucleolus and th e  cy to p lasm  lose th e ir  c ap ac ity  to  s ta in  w ith  p y ron ine .

F ro m  where does p ro life ra tio n  s ta r t  in  th ese  cases'? E x am in a tio n  o f  serial 
se c tio n s  appears to  evidence t h a t  i t  does n o t rea lly  s ta r t  from  th e  h a lv ed  su r
faces , b u t  exclusively from  th e  lay e r o f th e  old surface cells, th a t  is, fro m  w here 
th e  a m o u n t of ribonucleic ac id  has revealed  no d im inu tion . P ro life ra tion  s ta r t 
in g  f ro m  th e  periphery  fo rm s a  k in d  of b ridge  betw een th e  halves, y e t  a t  the  
sam e t im e  th e  cells also g row  u p o n  th e  h a lv ed  surfaces, from  w here th e y  m ay 
b eco m e iso la ted  and fill th e  g ap  betw een  th e  h a lv ed  p a r ts . G row th  in  th e se  cases 
is p re d o m in a n tly  of co nnective  tissu e  ch a rac te r.

T h e  above p e rm it th e  conclusion  th a t  th e re  ex ists a defin ite  paralle lism  
b e tw e e n  th e  grow th of liv er cells in  tissue  cu ltu res an d  th e  R N A  sy n th e tiz in g  
c a p a c ity  o f liver cells on th e  m arg ins of ex p ian ts .

2 . Changes in  the liver tissue o f  embryonic rats and  different age follow ing  
e x p la n ta tio n .

T h e  above described  processes and  p h enom ena  are essen tia lly  th e  sam e 
in  e x p ia n ts  from th e  liver o f  r a t  em bryos, th e  only  difference being th a t  in  th e  
e m b ry o n ic  life of the  r a t  h e p a tic  haem atopo iesis is in tense , and  d iffe ren t form s 
o f  b lo o d  cells render th e  h isto log ica l p ic tu re  ra th e r  varied . In  th e  y o ung  form s 
o f  b lo o d  cells not only th e  b e h av io u r of th e  pyroninophile  substance  b u t  also 
th e  ch an g es  in the  desoxyribonucle ic  acid co n ten t differ from  th o se  in  the  
p a re n c h y m a l cells of th e  liv e r  (F ig . 7 an d  8).

I n  repeated  series o f ex p erim en ts  we have , sim ultaneously  a n d  u n d er 
id e n tic a l  conditions, e x p la n te d  liver from  em bryos and  m o th er an im als. The



Fig. 1. L iver of 12 clays old chick embryo. Fig. 2. E x p lan t from liver of 12 days old chick 
embryo fixed 8 hours after explantation. Marked pyroninopliilia in cells of m arginal zone. 
Fig. 3. The same as Fig. 2 bu t with greater m agnification. Fig. 4. Central portion  of liver 
explant from  12 days old chick embryo, 5 days a fter explantation. Place of destroyed liver 
cells filled by loose network of connective tissue. Fig. 5. Three days explant from  chick 
embryo liver. Cells of the proliferation zone connected arcadelike with the exp lan ted  piece. 
Fig. 6. Five days explant from chick embryo liver. Deeply staining, large nucleolus in  cell

nuclei of m arginal zone.



Fig. 7. E xpiant from liver of about 12 days old ra t embryo. Fixed half an hour after explantation.
Fig. 8. Same explant as in  Fig. 7. 21 hours after explantation. Marked pyroninophile marginal zone.

Fig. 9. E xplant from the liver of the m other of the ra t embryo referred to in Figs. 7. and 8. Fixed half an hour after explantation. 
Fig. 10. E xp lan t from the liver of the ra t referred to  in fig. 9. Fixed 21 hours after explantation. Pyroninophile substance completely 

disappeared from parenchym al cells ; also from cells o f marginal zone if compared w ith the embryonic one.
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e x p ia n ts  h av e  been p rep a red  in  a un iform  m an n er a n d  fix ed  a t one and  th e  sam e 
tim e . F ro m  these, i t  could be estab lished  th a t  fro m  th e  m atern a l liver, t h a t  is , 
from  th e  liv er of th e  a d u lt an im al, ribonucleic ac id  disappears m ore ra p id ly , 
an d  no  m arg in a l zone form s. A fte r 24 hours, w h en  in  th e  em bryonic e x p la n t 
th e  ribonuc le ic  acid con ta in in g  liver cells from  th e  m arg in a l zone begin to  show  
th e  ab o v e  described ch a rac te ris tic  p ic tu re , th e  pyron inoph ile  m ateria l d isa p 
p ea rs  a lm o st com pletely  from  b o th  th e  cen tra lly  a n d  peripherally  s itu a te d  cells 
o f th e  a d u lt  an im al’s liver, a n d  no sign of p ro life ra tio n  can be traced . S im ila r 
o b se rv a tio n s  have been m ade w ith  exp ian ts fro m  th e  liver o f n o n -p reg n an t 
a d u lt  r a ts  (Figs. 9 an d  10).

In  em bryonic liver ex p ian ts  displaying a 100 p er cent grow th p o te n tia lity  
th e  ribonuc le ic  acid m etabo lism  of the  p a ren ch y m a l cells s itu a ted  in  the  
m a rg in a l zone appeared  to  b e  v e ry  lively. In  e x p ia n ts  from  ad u lt r a t  liv er, 
w here  th e  ra te  of g row th  is n il, th e  pyroninophile  substance  d isappeared  from  
th e  p a ren ch y m a l cells w hich , u n d e r th e  given circum stances, proved to  be in ca 
p a b le  o f  rep lacing  it.

T h e  question still rem ain ed  unansw ered , how  would exp ian ts b eh av e  
p re p a re d  from  th e  liver of an im als of d ifferent age , i. e. expian ts th e  g ro w th  
p o te n tia li ty  of w hich falls be tw een  th e  ex trem es —  em bryonic and  a d u lt —  an d  
in  w h ich , depending upon  th e  age of th e  anim al, th e ra te o fp ro life ra tio n  is v a ry in g , 
an d  o th e r  signs, too, p o in t to  a d im inuation  of g ro w th  p o ten tia lity  (e. g. period  
o f la te n c y , etc.).

H istochem ical ex am in a tio n  of cultures p re p a re d  from  th e  liver o f  2, 3 , 
a n d  4  w eeks old ra ts  m ade i t  possible to  e s tab lish  th a t  here again th e re  ex is ts  
a c e r ta in  parallelism  b e tw een  the  ribonucleic ac id  c o n te n t of th e  m arg in a l cells 
an d  th e  g row th  p o te n tia lity .

I n  liv e r ex p ian ts from  14 days old ra ts  a m a rg in a l zone is s till observab le , 
in  w h ich  th e  parenchym al cells re ta in  th e ir  p y ron inoph ilia , b u t in resp ec t o f 
ex ten s io n  and  activeness th e  zone falls sho rt o f  th o se  seen in  em bryonic  liver 
e x p ia n ts . In  th e  la tte r , g row th  in  48 hours is 100 p e r cen t ; in  o ther w ords, all 
th e  e x p la n te d  pieces of liver grow.

In  th e  cu ltures of liv er from  3 and 4 w eeks old anim als no con tin u o u s 
p y ro n in o p h ile  m arg inal zone of parenchym al cells is form ed. Only g roups o f  
liv e r cells are here an d  th e re  observable in  w h ich  basophilic sta in ing  o f  th e  
c y to p la sm  is s till p resen t an d  th e  nucleolus d is tin c t. C ontiguity  of th e  m arg in a l 
zone is m ore m arked  in  e x p ian ts  from  th e  21 d a y s  old anim al th a n  in  tho se  
from  th e  4 weeks old ones. In  th e  la tte r , th e  cells on the m arg in  s ta in  b u t  
f a in t ly  w ith  pyronine, th e  cy top lasm  is often  v a c u o la te d , and  th e  cells rev ea l 
signs o f  degeneration . I t  shou ld , how ever, be n o te d  th a t  th e  presence of vacuoles 
does n o t  necessarily  m ean  necrobiosis since m ito tic  division can be observed  
even  in  th e  m ost highly  v acu o la ted  cells. In  th e se  cu ltu res h inuclear cells are 
r a th e r  freq u en t. T here seem ed to ex ist a d e fin ite  in terre la tion  betw een  th e
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ra te  of p ro life ra tio n  an d  th e  am o u n t of b o rd e r  cells contain ing py ron in o p h ile  
m ateria l, y e t, i t  occured  m ore th a n  once th a t  e x p ia n ts  from  the  liver o f a 4 weeks 
old an im al show ed no  signs w hatever of p ro life ra tio n , in  spite of defin ite  py ro n in o - 
ph ilia  an d  a c learly  defined  nucleolus, s ta in ing  d eep ly  w ith  pyronine, in  th e  m arg i
n a l cells. N ever in  th e  course of th e  experim en ts have  cells been n o ticed  in  th e  
liv e r o f a d u lt an im als to  re ta in  th e ir  cy to p lasm ic  basophilia 24 h o u rs  a fte r 
e x p la n ta tio n . The o b serv a tio n s seem to  suggest th a t  th e  liver tissu e  o f  th e  4 
weeks old an im al h a s  n o t ye t com pletely  lo s t its  grow th p o te n tia lity . I n  th e  
ex p lan t the  grow th  p o te n tia lity  of a tissue  is d e te rm in ed  concu rren tly  b y  its 
p ro life ra ting  cap ac ity  an d  th e  en v iro n m en ta l conditions. I f  th e  p ro life ra tin g  
cap ac ity  is considerab le , as for instance  in  em b ry o n ic  fib rob lasts, g ro w th  will 
be p e rh ap s n o t o p tim a l, y e t com plete even th o u g h  ex te rn a l conditions be ch an g 
ing su b s ta n tia lly  an d  w ith in  wide lim its . I f ,  on th e  o ther hand , th e  in te rn a l 
g row th  p o te n tia lity  is decreased th e  slig h test ad v e rse  ex ternal c ircum stances 
w ill re su lt in  th e  suppression  of th a t  p o te n tia l i ty  and  no signs of g ro w th  will 
show  in th e  p a r tic u la r  cu ltu re . In  a given case, such adverse ex te rn a l effects 
m a y  be  exercised, fo r in stance , b y  th e  u n fav o u rab le  subm icroscopic s tu c tu re  
o f the  m ed ium  developing  around th e  ex p lan t, or b y  a sh ift in  th e  chem ism  of 
t h a t  e tc . Such are the considerations o n  th e  basis of w hich we t r y  to  
in te rp re t th e  fac t th a t ,  e. g. in  th e  liver o f  an im als  of a certain  age, signs of 
g row th  w ere only fo u n d  in p a r t  of the e x p la n te d  cu ltu res, n o tw ith s ta n d in g  th e  
g rea test care ta k e n  to  ensure iden tica l co n d itions w hen preparing  th e m . The 
existence of ex p ian ts  in which pyroniiiophile g roups of cells showing no signs 
o f  g row th  can be fo und , m igh t be explained  on a sim ilar basis.

To sum  u p , h isto log ica l exam ination  o f  ex p ian ts  from  th e  liv e r  o f  ra t  
em bryos, and  ra ts  of d iffe ren t age, m ade us to  conclude th a t a m arked  p a ra lle lism  
ex ists be tw een  th e  ribonucleic  acid sy n th e tiz in g  capac ity  of the  p a ren ch y m a l 
cells on th e  m arg in  o f  th e  ex p lan t and th e  g ro w th  p o ten tia lity  in vitro  o f th e  
re spec tive  liv e r  tissu e .

D iscussion

N um erous d a ta  concerning th e  nucleic ac id  m etabolism  in tissu e  cu ltu res  
can be found  in  th e  lite ra tu re  since 1942, w hen  W illm er , and C unningham  an d  
K irk , f irs t suggested  th e  possib ility  of its chem ical exam ination  (D avidson  an d  
W aym outh  1943, 1944, 1945, 1946, 1949, H u ll  a n d  K irk  1950, et.) A u th o rs , in 
general, h av e  m ade experim en ts on fib ro b la s t cu ltu res, and  have p ro d u ced  
valuab le  d a ta  regard ing  th e  correlation of g ro w th  o f tissue cu ltures a n d  th e  
changes in  th e  nucleic acids. T he p resen t p a p e r , on th e  o ther h an d , co n ta in s  
d a ta  w hich , being  derived  from  histochem ial ex am in a tio n  of liver e x p ia n ts , can  
only in  respect o f ce rta in  of th e ir  featu res be c o m p ared  w ith  the resu lts  o b ta in ed  
b y  chem ical m ethods in fib ro b last cultures. T h e  cause of the  divergency is m u l
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t id ire c tio n a l. F irs t o f all, liv e r tissue is k n o w n  fo r its  very  high ribonucleic  acid 
c o n te n t ,  also in  th e  a d u lt an im al. In  th e  la t te r ,  th e  ra tio  of ribonucleic ac id  to  
desox y rib o n u c le ic  acid is 4 to  1, (for th e  l i te ra tu re , see Davidson, 1947) while 
in  th e  h e a r t  of the  12 days o ld  chick em bryo  th is  ra tio  varies betw een  2,2 and 
2 ,8  ( D avidson  and  W aym outh , 1949). P o ssib ly , th e  ribonucleic acid  a n d , in  
g e n e ra l, th e  nucleic acid co n ten t of em bryon ic  liver can be still h ig h e r (see 
b e lo w ). B esides, i t  is know n th a t  th e  ribonucleic ac id  conten t o f the  liv er changes 
u p o n  th e  m ost diverse effects, and  can in  its  m a jo r  p a r t  disappear; fo r in s tan ce , 
u p o n  s ta rv a tio n , or w hen  fed  a d iet low in  p ro te in  (Davidson  1947, Lagerstedt 
1949 , C am pell and Kosterlitz  1947, Bieloussova, 1951, etc.). The high ribonucle ic  
a c id  c o n te n t in  the  liver is p ro b ab ly  co rre la ted  w ith  the  pro tein -fo rm ing  cap ac i
t y  o f  t h a t  organ. O bviously, in  th is case th e  change tak in g  place in  th e  r ib o n u c 
le ic  a c id  con ten t does n o t s ta n d  in  quite th e  sam e re la tion  to  th e  g ro w th  p o te n 
t ia l i ty  in  vitro, as it  does in  th e  case of em b ry o n ic  fib rob lasts.

C om pared to  f ib ro b la s t cu ltures, a n o th e r  essen tia l difference is t h a t  in 
l iv e r  e x p ian ts  grow th is n o t o f one un ifo rm  ty p e , b u t all th ree com m on ty p e s  
o f  g ro w th  occur, g row th  o f w andering  cells, g ro w th  of th e  fib rob last ty p e , and 
e p ith e lia l  grow th.

B ecause of th is  m ixed  ty p e  of g row th  an d  because, as has b een  seen, 
th e  ribonuc le ic  acid d isap p ears  v e ry  rap id ly  fro m  a considerable p o rtio n  o f  the  
p a re n c h y m a l cells, we feel t h a t  in  certa in  re sp ec ts  histochem ical m e th o d s  are 
p re fe ra b le  to  chem ical ones in  exam ining th e  connection  betw een g ro w th  p o te n 
t i a l i ty  a n d  nucleic acid  c o n te n t. B y  m eans o f  p u re ly  chem ical m ethods i t  w ould 
n o t  b e  possible to  give an  answ er, for in s tan ce , to  th e  question in  w h a t degree 
does responsib ility  for th e  changes in  th e  nucle ic  acid conten t re s t u p o n  the 
in te r s t i t ia l ,  th e  p a ren ch y m al, and  th e  b lood  cells (!) respectively? N o r could 
i t  b e  e s tab lished  in  w h a t m an n e r nucleic ac id  m etabolism  changes in  th e  cells 
t h a t  c o n s titu te  th e  source o f  p ro liferation , seeing th a t  th e  changes in  th e  com 
p o n e n ts  of th e  great m ass o f  cells perish ing  in  th e  centre greatly  in flu en ce  the  
a n a ly tic a l  resu lts. This ho lds tru e  p a rtic u la rly  in  respect of the  liver in  w hich , 
as h a s  b een  seen, th e  changes in  th e  ribonucleic  acid  conten ts during  c u ltiv a tio n  
a re  so v e ry  great an d  ra p id . Davidson  an d  W aym outh  m ention in  one o f  then- 
p a p e rs  (1949) th a t  in  f ib ro b la s t cu ltures, th e y  failed  to  notice an y  p e rm a n e n t 
in c re a se  in  th e  level o f desoxyribonucleic ac id . T h is th e y  explain b y  assum ing  
t h a t  th e  phosphorus co n ten t o f th e  cu ltu res k eep s  on increasing only  u n t i l  the  
c e n tra l  necrosis is ba lanced  b y  peripheral g ro w th , and  vice versa . W ish in g  to  
o b v ia te  th is  in terference th e y  cu t th e  ex p ian ts  in to  considerably sm aller pieces, 
p re su m a b ly  reducing th e re b y  th e  ra tio  of th e  m ass of cells undergoing  necrosis. 
I n  l iv e r  cu ltures, as could b e  seen, m arked  necrosis of the  cen tra l p a r ts  is 
p re c e d e d  b y  a rap id  decrease in  th e  ribonucleic  acid conten t.

In  th e  course of th e  experim en ts it h as  b een  found th a t  ribonucle ic  acid 
d isa p p e a rs  very  qu ick ly  fro m  th e  m ajor p a r t  o f parenchym al cells. D avidson
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an d  W aym outh  also h ad  observed th a t  in  f ib ro b la s t cultures th e  in i t ia l  de
crease in  ribonucleic acid is fa r  m ore m ark ed  th a n  in  desoxyribonucleic acid , 
an d  th a t  the g rea test decrease tak es  place in  th e  f i r s t  24 hours (see also W aym outh  
1949, H u ll and  K irk  1950). In  th e  p resen t ex p erim en ts  it  was n o t possib le  to  
estab lish  th e  e x te n t to  w hich ribonucleopro te in  decomposes or d isap p ears  ; 
i t  could only  he s ta ted  th a t  it  has lost its  a b ility  to  s ta in  w ith  pyron ine . F ro m  th e  
h isto log ical p rep ara tio n s i t  seems th a t  u n d e r g iven  circum stances one h as  to  
ta k e  in to  account n o t only  th e  enzym atic  decom position  of ribonucleic  acid , 
b u t  also th e  possib ilities th a t  th e  p a renchym al cells give off b its o f p la sm a  con
ta in in g  ribonucleop ro te in , or th a t  th e  p y ron inoph ile  substance is be ing  d e tru d e d  
from  th e  cells. The fa c t th a t  in  necrob io tic  processes th e  ribonucleic ac id  co n te n t 
o f th e  cy top lasm  coagulates to  granules of la rg e r size had  also been  observed  
b y  Brachet in  tra n sp la n ts  g rafted  in to  b lastocoele  (1947).

A ccording to  our f in d in g s  a de fin ite  p a ra lle lism  can be e s tab lish ed  b e 
tw een  th e  ribonucleic acid co n ten t o f th e  m arg in a l cells o f th e  liv e r e x p la n t 
and  th e  g row th  of th e  cu ltu re . The question is th e re b y  raised w heth er th e  d if
ference in  th e  grow th  p o te n tia lity  of th e  liver o f em bryonic and a d u lt an im als 
o f  d iffe ren t age can  be b ro u g h t in to  re la tio n  w ith  th e  changes of th e  nucleic 
acid co n ten t, f ir s t  o f  all o f th e  ribonucleic acid co n ten t, of the  liver. T h e  d a ta  
in  th e  lite ra tu re  disagree on th e  point o f how  th e  ribonucleic acid and ih e  desoxi- 
ribonucleic acid co n ten ts  o f th e  liver change in  th e  em bryonic life a n d  a fte r  
b ir th . A ccording to  Geschwind and L i  (1949), in  r a ts  th e  ra tio  of ribonuc le ic  acid 
to  desoxyribonucleic acid rises from  0.98 to  1,94 fro m  the 16th to  th e  31st d ay , 
an d  reaches 2,83 on th e  40 th  day  after b ir th . T he sam e authors s ta te  t h a t  fo l
lowing b ir th  b o th  th e  ribonucleic and  th e  desoxyribonucleic acid levels de
crease, th e  ra te  o f  decrease being  more m arked  w ith  the form er. F lexner  and  
Flexner (1951) found  th a t  in  th e  foetal guinea p ig  th e  ribonucleic acid  co n ten t 
decreases b y  50 per cen t from  th e  30th day  o f g esta tio n  u n til b irth . A t b i r th  th e  
liver con ta in s th e  sam e am o u n t of ribonucleic acid  as th a t  of the  a d u lt, in  sp ite  
o f th e  fac t th a t  it  is s till grow ing. According to  th ese  au thors, th e  ra te  o f  p ro te in  
syn thesis n o t being  in  p rop o rtio n  to  th e  increase  in  ribonucleic acid, o u r  view s 
o f th e  correlation  betw een  th e  tw o should be rev ised . Also, th e y  d ra w  a t te n 
tio n  to  th e  in terference in analy tica l w ork caused  b y  the  presence o f  h a e m a 
topo ie tic  islets. W hile according to  Caspersson (1941), in the  liver o f th e  chick  
em bryo  th e  co n cen tra tion  o f nucleotides decrease w ith  developm ent, Leslie  
and  D avidson  found  th a t  th e  average ribonucleic  acid con ten t o f its  cells does 
n o t change betw een th e  8 th  d ay  of incubation  an d  the  second day a fte r h a tc h in g . 
No d a ta  are given concerning th e  la te r  life.

I t  is obvious from  th e  above th a t  no d e fin ite  a ttitu d e  can be  ta k e n  in 
respect of th e  changes ta k in g  place in the  nucle ic  acid conten t of liv e r tissu e . 
T here is a lack  of congru ity  in the analy tica l d a ta , an d  widely diverging re su lts  
follow from  th e ir  d ifferen t in te rp re ta tio n s . T h u s, fo r  instance, while Caspersson
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h a s  e ssen tia lly  based  h is re su lts  upon th e  chan g es in  nucleotid  co n cen tra tio n , 
L eslie  a n d  Davidson ap p ro ach  the changes in  th e  ribonucleic acid  co n ten t 
o f  o n e  single cell. W e h a v e  found  no d a ta  o n  th e  changes in  the g ro w th  p o te n 
t i a l i ty  o f  hepatic , or o f  a n y  o ther, tissue in  d ependence  on the  nucleic acid  con
t e n t  o f  th e  tissue to  be  ex p lan ted .

I t  has been found  t h a t  from  exp ian ts o f  a d u lt  r a t  liver the  p y ro n in o p h ile  
s u b s ta n c e  disappears com ple te ly  w ith in  24 h o u rs . In  em bryonic liv er e x p ian ts , 
on  th e  o th e r hand , a m a rg in a l zone is fo rm ed  in  w hich the  ribonucleic ac id  con
t e n t  o f  th e  cells does n o t a p p ea r to  decrease ev en  tem porarily . T he fo rm a tio n  
o f  th i s  zone should obv io u sly  be in te rp re te d  as a consequence o f  th e  cap a
b i l i ty  o f  th e  p aren ch y m al cells to  sy n the tize  ribonucleic  acid un d er g iven  c ir
c u m s ta n c e s , and of th e  fa ilu re  of irreversib le  decom posing processes to  assert 
th e m se lv e s  w ith in  th a t  zone. As against th is , a n d  u n d er the given c ircum stances 
o f  c u ltu re , the  p a ren ch y m al cells of the a d u lt liv e r  are  incapable o f sy n th e tiz in g  
r ib o n u c le ic  acid, w herefore exlusively d ecom position  processes ta k e  p lace  in  it . 
P re su m a b ly , the decisive d ifference betw een  th e  a d u lt and  the em bryonic  liv e r  cells 
o u g h t n o t  to  be sought in  th e ir  ribonucleic ac id  c o n te n ts , b u t in  the d iffe ren t ra te s  
a n d  cond itions of ribonucleic  acid synthesis. R ibonucle ic  acid has a doub le  function  
in  l iv e r  tissue. F irs tly , as long  as the  liver is g row ing (em bryonic life , p o s tn a ta l  
p e r io d  o f  grow th, reg en e ra tio n , neoplastic g ro w th ) th e  com pound h as  a role in  
th e  sy n th es is  of p ro te in  fo r th e  new  cells, q u ite  in  th e  sense of Caspersson e t al., 
B rächet, Kedrovski, e tc . Secondly , another p a r t  o f ribonucleic acid in  th e  cy to 
p la s m  o f th e  liver cell is lik e ly  to  p lay  a ce rta in  p a r t  in  the p roduction  o f p lasm a 
p ro te in  p ro b ab ly  a lread y  d u rin g  em bryonic  life . I t  can also be p resu m ed  th a t  
in  th e  a d u lt anim al sy n th es is  of p lasm a p ro te in  rem ains th e  only  fu n c tio n  of 
so m e considerable p a r t  o f  th e  ribonucleic ac id  in  the  hepatic  p a ren ch y m a. 
T h e  cells are unable to  re sy n th e tize  th is  p a r t  o f  th e  ribonucleic acid  u n d e r  th e  
g iv e n  experim en ta l co n d itio n s in  vitro. (F o rm u la tin g  th e  sam e p ro b lem  on 
a n o th e r  p lane, one m a y  sa y  th a t  the  n u tr i t io n a l  and resp ira to ry  conditions 
a d e q u a te  for the g row th  o f  th e  em bryonic liv e r  tissu e , are in su ffic ien t fo r th a t  
o f  th e  a d u lt liver). T he conception  th a t  ribo n u c le ic  acid fulfills such  a double 
fu n c tio n  in  the liver seem s to  find  su p p o rt in  th e  observation o f  Chantienne  
(c it . Bracket 1947), acco rd in g  to  which rib o n u c le ic  acid is p resen t in  th e  liver 
cells in  (both) u ltracen trifu g ab le  and  n o n -u ltracen trifu g ab le  form s. In  em bryonic  
l iv e r  th e  proportion o f th e  la tte r  is co n sid e rab ly  greater. I t  m ay be assum ed  
t h a t  w ith  developm ent th e  granules c o n ta in in g  ribonucleic acid becom e in- 
re a s e d  in  size and m ore com plex, in the  fo rm in g  o f w hich various enzym es also 
p a r t ic ip a te  (e. g. o x id a tiv e  enzym es). A lso, i t  is possible th a t  th e  enzym es in  
th e  g ran u les  p lay  an  im p o r ta n t role in  th e  syn th esis  of ribonucleic acid , b u t 
t h a t  th e  conditions fo r  th e ir  ac tiv ity  are n o t  given under the  c ircum stances 
p re v a ilin g  in  the u su a l cu ltu res . Of course, fu r th e r  investigations are  n eeded  to  
a n sw e r these  questions, w hich  are all of a h y p o th e tic a l na tu re .
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The problem s are m ade m ore com plex b y  th e  fac t th a t  while we h a v e  observed 
ch iefly  th e  basophilia  o f th e  ep ithelial cells and  its  change, a t th e  sam e tim e 
in  m a n y  cases m erely p ro life ra tion  of th e  in te rs titiu m  was exp erien ced . This 
speaks for a close para lle lism  betw een th e  d ifferen tia tion  of the ep ith e liu m  and 
th e  in te rs titiu m  b u ilt in to  i t ,  considering th a t  in  tissue cu ltu res fro m  a d u lt liver 
no ou tg row th  of connective tissue cells can  be  observed. Q uestions concerning 
th e  conditions and  the  p o te n tia lity  o f g row th  of ep itha lia l tissu e  co n stitu te , 
how ever, a fu rth e r  prob lem .

In  some of our p rep ara tio n s  i t  was no ticeab le  th a t  th e  m a rg in a l zone 
co n ta in in g  pyroninophile  substance  has n o t en tire ly  been fo rm ed  from  the 
o u te rm o st cells. The la t te r  m ay  be d estroyed  w hen preparing  th e  sec tions and 
i t  is qu ite  possible th a t  th e  p roduc ts th e re b y  released  co n trib u te  to  th e  increase 
in  nucleic acid syn thesis  in  th e  ad jo in ing  cells. W hether th e  e x p la n ta tio n  was 
m ade w ith  or w ith o u t em bryon ic  e x tra c t seem s to  have little  in flu en ce  e ith er 
up o n  th e  d issapperance of ribonucleic acid or th e  fo rm ation  of th e  m arg in a l zone 
s ta in in g  w ith  pyronine.

The above p e rm it th e  assum ption  th a t  th e  capacity  of h e p a tic  cells to  
sy n the tize  ribonucleic acid has a defin ite  p a r t  in  ihe d e te rm in a tio n  of the 
g row th  of liver ex p ian ts . I n  th is , how ever o th e r fac to rs and com plex  enzym atic  
processes certa in ly  p a r tic ip a te  as well.

Summary

By means of histochem ical exam ination of tissue cultures prepared from  th e  liver of 
chick and ra t embryos, and of ra ts  of different age, it  could be established th a t  —  (i) from 
expiants made of adult liver RNA disappears com pletely w ithin 24 hours, and  th a t  these 
expiants show no sigus of grow th ; (ii) in embrionic liver expiants a m arg inal zone forms 
in which the RNA conten t of the  parenchym al cells does no t decrease, and  th a t  these 
cultures show 100 per cent grow th ; (iii). The process of disappearance of th e  RNA content 
becomes irreveisible as soon as in 8 hours.

The observations revealed a definite parallelism  between the R N A -synthetizing capa
city  of the liver cells and th e ir capacity  to  proliferate in tissue culture. T he findings are 
discussed in detail.

We wish to th an k  D r Ila  Nyerges for her valuable help.
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