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L i v e r  H o m e o s t a s i s  : an  in  v i t r o  E v a l u a t i o n  of a P o s s i b l e  S p e c i f i c  C h a l o n e  

The e lucidat ion of t he  b iochemical  mechan i sms  con- 
t rol l ing cellular prol i ferat ion,  which  are f u n d a m e n t a l  for 
t issue homeos tas i s  in the  organs of t he  adul t  animal ,  
poses one of t he  mos t  chal lenging p rob lems  of con tem-  
po ra ry  biological research.  The impl ica t ions  for an under-  
s t and ing  of the  na tu re  of, and  possible  control  of ma l ignan t  
g rowth  are obvious.  F r o m  th is  po in t  of view, considerable  
in te res t  has  focused on the  inves t iga t ion  of t issue specific 
g rowth- inh ib i to r s  called chalones,  which  have  been de- 
scr ibed for granulocytes  and  e ry th rocy te s  1, ep idermis  ~, 
k idney  3, e n d o m e t r i u m  4 and  lung t issues 5. 

These inh ib i to ry  g rowth  mechan i sms  somet imes  even 
remain  opera t ive  in es tab l i shed  lines of cul tured  cells 
exhib i t ing  con tac t  inh ib i t ion  of growth6, 7. Other  endo- 
genously p roduced  g rowth  regulators ,  poss ib ly  keto-  
a ldehydes ,  have  also been  repor ted  s, as well as less well 
def ined p roduc t s  9. 

The hyperp las ia  of ra t  l iver following par t ia l  hepa-  
t e c t o m y  offers a sui table  biological sys t em to inves t iga te  
changes  in homeos ta t i c  g rowth  mechanisms .  Norma l  adul t  
r a t  se rum has been  claimed to  con ta in  a g rowth  inhib i tor  
for l iver  which  is decreased following par t ia l  hepa tec-  
t o m y  1~ On the  o ther  hand ,  t he  se rum of par t i a l ly  
hepa t ec tomized  ra ts  has  been  c la imed ):o con ta in  a g rowth  
p r o m o t e r  ~2. Liver  hyperp las ia  has  been  corre la ted wi th  
changes  in se rum pro te ins  ~0, ~3, ~, and  has  been  shown to  
be af fec ted  by  l iver m a c e r a t e s ~ ,  ~5, specific p ro te ins  
isolated f rom liver t issue ~6, as well as non-specif ic  enzymes  
such as arginase~7. 

The p resen t  work  was a imed at  the  in v i t ro  eva lua t ion  
and  proper t ies  of t he  growth- regula t ing  subs tance  occur- 
r ing in normal  ra t  serum, by  means  of its effect  on p r i m a r y  
cul tures  of ra t  l iver embryon ic  f ibroblasts .  

Experimental.  Male albino r a t s  180-200 g were  par t ia l ly  
hepa t ec tomized  (left and  med ian  lobes) by  a s t a n d a r d  
t echn ique  under  e ther  anaesthesia .  Blood was r emoved  
by  cardiac  puncture ,  using a plast ic  syringe, 48 h pos t -  
operat ively ,  also under  e ther  anaesthesia .  The serum was 
recovered by  cen t r i fuga t ion  f rom the  chilIed c lo t ted  
blood, pooled,  and  steri l ized by  Millipore f i l t rat ion.  Blood 
ob ta ined  by  decap i t a t ion  gave ident ical  results,  ind ica t ing  
t h a t  possible t races  of e ther  remain ing  in the  se rum were 
non- toxic .  Control  ra t s  were sham opera ted .  

Suspensions  of liver cells were p repa red  by  t ryps in iz ing  
several  l ivers ob ta ined  f rom one l i t ter  of app rox ima t e l y  
15-day-old ra t  embryos .  A p p r o x i m a t e l y  2 -5 •  cells 
were inocula ted  into smal l  Carrel flasks conta in ing  5 ml  of 
l ac t a lbumin  p h o s p h a t e  m e d i u m  (LP) lS wi th  10% of the  
appropr i a t e  se rum under  test .  Af ter  3-4 days  the  un- 
a t t a c h e d  cells were r emoved  and fresh med ium added  
unt i l  6-7 days,  when  the  ceils were f ixed and  s ta ined  
wi th  haematoxy l in .  Cultures exh ib i ted  the  typ ica l  pa t -  
t e rns  of g rowth  of paral lel  or iented  f ibroblasts ,  a l though  
the  morpho logy  of the  colonies was somet imes  af fec ted  
by  the  d i f ferent  serums.  Cell g rowth  was scored by  
count ing  cells pe r  field in several  comple te  t raverses  
across t he  d i ame te r  of t he  flask using an inver ted  micro- 
scope. 

Results. The effect  of d i f fe rent  serums on the  g rowth  of 
ra t  embryon ic  liver f ibroblas ts  is shown in Table  I. Prolif ic 
g rowth  is found  in media  conta in ing  foetal  bovine  se rum 
(FBS) or new-born  r a t  se rum (NBRS) (less t h a n  14 days  
old). Normal  r a t  se rum (NRS) is however  s t rongly  inhi- 
b i tory ,  while  se rum f rom ra ts  48 h af ter  par t ia l  hepa-  
t ec tomy ,  regenera t ing  se rum (RegS) is s ignif icant ly  less 
inhibi tory .  B e t t e r  g rowth  of cul tures was ob ta ined  in 
flasks p recoa ted  wi th  p repara t ions  of ra t  tai l  collagen 
bu t  in these  cases t he  di f ferent ia l  effect  of the  serums 

on growth  t en d ed  to  be obscured.  Dialysis  of t he  serums 
aga ins t  L P  medium,  or hea t ing  to 56~ for 1 h fu r the r  
reduced  the  g rowth - suppor t i ng  proper t ies  of the  serums.  
This  p r e s u m a b l y  indicates  the  presence  of dia lyzable  or 
the rmolab i le  g rowth  factors.  The inhib i tor  in N R S  is 
however  non-dialyzable ,  while F B S  conta ins  a non-  
dialyzable  g rowth -p romot ing  factor,  poss ib ly  fetuin,  as 
is shown in Table II .  

Table I. The effect of different serums on the growth of rat embryonic 
liver fibroblasts 

Serum Cells/mm ~ % 
Mean ~ S.D. 

Foetal bovine serum (FBS) 357 4-35 100 
New-born rat serum (NBRS) 321 • 30 90 
Normal rat serum (NRS) 136 4- 12 38 
Heated NRS 68 ~ 8 19 
Regenerating (48 h) serum (RegS) 218 • 25 61 
Heated RegS 89 ~ 9 25 

LP medium containing 10% of the different sera. Mean • S.D. for 
5 different experiments of cell growth after 6-7 days. 

Table If. The growth of rat embryo liver cells in media containing 
different proportions of dialyzed sera 

Growth (% of control) 

+ F B S  0% + F B S  10% + F B S  25% + F B S  50% 

25 41 54 60 

+ N R S  0% + N R S  10% + N R S 2 5 %  + N R S 5 0 %  

54 42 23 18 

All sera were dialyzed at 4 ~ to equilibrium with LP medium. Control 
was undialyzed FBS 10% with a growth of 345 cells/mm ~. Results 
are the mean of 2 experiments. 
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No i n h i b i t o r y  effects o n  g rowth  of r a t  e m b r y o n i c  k i d n e y  
ceils could be  de tec ted ,  wh ich  grew prol i f ica l ly  in  10% 
concen t r a t i ons  of all  serums.  Mouse e m b r y o n i c  l iver  cells 
were, however ,  i n h i b i t e d  b y  N R S .  

Since t he  e v a l u a t i o n  of se rums  b y  means  of p r i m a r y  
embryon ic  l iver  cu l tu res  is tedious ,  o the r  sys tems  were  
tes ted .  G r o w t h  of a n  e s t ab l i shed  l ine of h u m a n  k i d n e y  
T-cells was  s l ight ly  i n h i b i t e d  in med ia  c o n t a i n i n g  N R S  
or RegS  w h e n  c o m p a r e d  to F B S  or n e w - b o r n  calf  serum,  
whi le  3T3 cells h a r d l y  grew a t  all  in N R S  or RegS.  Fo r  
b o t h  cell l ines the  p r o m o t i n g  effect  of RegS  over  N R S  

w a s  no longer  s igni f icant .  Tes ts  based  u p o n  t he  p r o m o t i o n  
of D N A  synthes is ,  as m e a s u r e d  b y  t h e  i nco rpo ra t i on  of 
3H-TdR,  were also t r ied.  I n c o r p o r a t i o n  in to  r a t  or mouse  
t h y m o c y t e s  in  tr is- lOmM p h o s p h a t e  m e d i u m  19 was  
app rec i ab ly  depressed  b y  N R S  or RegS  c o m p a r e d  to  
FBS.  D N A  syn thes i s  in  n e w - b o r n  r a t  l iver  f ragments ,  as 
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The chromatography on DEAE-cellulose of the proteins from dif- 
ferent sera. The sera were dialyzed against 5 mM phosphate buffer 
pH 8.0 and 5 ml separated by step-wise elution from the columns. 
The arrows indicate the points of addition of the following buffers: 
0.02M NaHePO4; 0.05M NaH~PO4; 0.05M NaH2PO 4 + 0.02M 
NaCI; 0.05M NaH2PO a + 0.05M NaC1; O.05M NaH2PO a + 0.1M 
NaC1. 

m e a s u r e d  b y  the  glass f ibre  disc m e t h o d  2~ was no t  
s ign i f i can t ly  d i f fe rent  for t he  3 types  of s e rum tes ted .  
All  sys t ems  however ,  fai led c lear ly  to  d i f f e ren t i a t e  N R S  
f rom RegS  as was found  for t he  g r o w t h - p r o m o t i n g  proper -  
t ies  us ing  e m b r y o n i c  l iver  cell cul tures .  

A b iochemica l  c h a r a c t e r i z a t i o n  of t he  p ro te ins  in  t he  
d i f fe ren t  se rums  has  been  a t t e m p t e d .  The  t o t a l  p ro t e in  
c o n t e n t s  of RegS  and  N B R S  was app rec i ab ly  lower t h a n  
for N R S  whi le  F B S  h a d  a n  even  lower t o t a l  p ro t e in  
c o n t e n t  ( s t a rva t i on  for  48 h did  no t  reduce  t he  se rum 
p ro t e in  con ten t ) .  The  a l b u m i n  c o n t e n t s  of N R S  a n d  RegS  
was, however ,  p r o p o r t i o n a t e l y  less t h a n  for F B S  or N B R S .  
This  effect  of pa r t i a l  h e p a t e c t o m y  has  been  n o t e d  b y  
o the r  i nves t iga to r s  21. The  s epa ra t i on  p a t t e r n s  of p ro te ins  
o b t a i n e d  b y  co lumn  c h r o m a t o g r a p h y  on DEAE-ce l lu lose ,  
also differ  s ign i f ican t ly  as is seen f rom the  Figure.  Ft3S 
con ta ins  app rec i ab ly  less of t h e  ear ly  e lu ted  g lobul in  
f rac t ions  t h a n  does N R S .  F u r t h e r  t e s t i ng  of t h e  i n d i v i d u a l  
f rac t ions  will, however ,  be  requ i red  to locate  t he  non-  
d ia lyzab le  i n h i b i t o r y  fac to r  in  N R S .  

Thus ,  in  s m n m a r y ,  n o r m a l  r a t  s e rum con ta ins  a h igh  
M W  i n h i b i t o r  wh ich  r e t a rd s  t he  g r o w t h  of r a t  e m b r y o  
l iver  cells in  vi t ro .  The  a c t i v i t y  of th i s  s u b s t a n c e  is de-  
creased a f t e r  pa r t i a l  h e p a t e c t o m y  and  is essen t ia l ly  non -  
ex i s t en t  in t he  se rum of new-bo rn  rats ,  or of foeta l  calves.  
I t  does no t  af fec t  t h e  g r o w t h  of e m b r y o  k i d n e y  cells in  
v i t ro  and  hence  m a y  be  a chalone-I ike  m a t e r i a l  =2. 

Zusammen/assung. Es wird  gezeigt,  dass Se rum n o r m a l e r  
R a t t e n  e inen  H e m m s t o f f  h o h e r n  Molekn la rgewich t s  ent -  
h/ilt,  der  das  W a c h s t u m  e m b r y o n a l e r  Leberze l len  der  
R a t t e  in  v i t ro  ve r l angsamt .  
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C o n v e r s i o n  of 7 - H y d r o x y b u t y r a t e  to 7 - A m i n o b u t y r a t e  by M o u s e  B r a i n  in v ivo  I 

y - H y d r o x y b u t y r a t e  (GHBA)  causes  CNS depress ion  in 
animals ,  i nc lud ing  m a n  "-r a n d  has  been  used as a n  
a n a e s t h e t i c  a d j u v a n t  in  m a n  5, ~. G H B A  m a y  ac t  ind i rec t ly  
since CNS effects occur  s lowly a f t e r  sys temic  a d m i n i s t r a -  
t ion  a n d  since i t  a p p a r e n t l y  exer t s  no  d e p r e s s a n t  effect  
on  single neurones  w h e n  appl ied  i on tophore t i ca l l y  ~. 
G H B A  reduces  t h e  b io syn thes i s  of ;~ -aminobu ty ra te  
(GABA) f rom glucose in v ivo  s w i t h o u t  a f fec t ing  t he  
t o t a l  a m o u n t  of G A B A  in t he  b ra in ,  a n d  a d i rec t  con- 
vers ion  of G H B A  to  G A B A  b y  h o m o g e n a t e s  of b r a i n  
has  been  r epo r t ed  9. I t  seemed of in te res t ,  therefore ,  to  
t e s t  w h e t h e r  G H B A  is c o n v e r t e d  to  G A B A  in vivo.  

Swiss a lb ino  mice  (20-30 g) were in jec ted  i.p. w i t h  
500 ~zC/kg label led  G H B A - N a  + (Schwarz  B i o R e s e a r c h  
I n c . ; s p e c i f i c  r ad ioac t iv i ty ,  5.5 m c / m m o l e ;  1-14C-carbo - 
xyl- label led)  p lus  500 m g / k g  un labe l l ed  G H B A - N a +  
( B r i c k m a n  a n d  Co.); t he  in jec ted  v o l u m e  was a b o u t  
0.6 ml  pe r  mouse  (pH 7.4). A n i m a l s  were d e c a p i t a t e d  

15-180 m i n  a f t e r  in jec t ions  and  t h e i r  b ra ins  were qu ick ly  
removed ,  weighed  a n d  homogen ized  in 3 ml  of 80% 
e t h a n o l  (V/V). H o m o g e n a t e s  were  cen t r i fuged  for 30 m i n  
a t  15,000 • g a n d  s u p e r n a t a n t s  were acidif ied to p H  2.0 
a n d  app l ied  to co lumns  of t he  ca t ion  exchange  resin,  
Dowex  5 0 W - X 2  (hydrogen  form).  G H B A  was e lu ted  
s epa ra t e ly  f rom the  ' a m i n o  acid f rac t ion '9 .  Al iquo ts  of 
t he  a m i n o  acid f r ac t ion  were sepa ra t ed  c h r o m a t o g r a p h i -  
cal ly and  q u a n t i t a t e d  s p e c t r o p h o t o m e t r i c a l l y  for indi-  
v i d u a l  amino  acids 1~ R a d i o a c t i v i t y  was m e a s u r e d  w i t h  
a P a c k a r d  l iquid  sc in t i l l a t ion  counter ,  and  cor rec t ions  
for q u e n c h i n g  were m a d e  b y  a m e t h o d  of e x t e r n a l  
s t a n d a r d i z a t i o n .  

Resu l t s  in  Tab le  I show t h a t  label led  a m i n o  acids were 
syn thes ized  f rom the  label led  Gt-IBA in all  exper imen t s ,  
for t h e  p r o p o r t i o n  of t h e  t o t a i  r a d i o a c t i v i t y  e lu ted  f rom 
t h e  res in  b y  t h e  NH~Ot-I was far  g rea te r  t h a n  could be  
accoun ted  for b y  impur i t i e s  no t  e lu ted  b y  t he  w a t e r  


