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s e rum (GIBCO).  The  cu l tures  were i n c u b a t e d  a t  37 ~ in 
a humid i f i ed  5% CO2/95 % air  a tmosphe re .  The  m e d i u m  
was changed  eve ry  2 days.  

Af ter  2 weeks of cu l t iva t ion ,  conf luency  was reached.  
A t  th i s  po in t  in  t ime,  t he  n o r m a l  n u t r i e n t  m e d i u m  was 
replaced b y  a serum-free  Eag le ' s  m e d i u m  s u p p l e m e n t e d  
w i t h  1 m M  c B c A M P  (Sigma Chemical  Co.), T he  cu l tu res  
were observed  w i th  an  i n v e r t e d  p h a s e - c o n t r a s t  micro-  
scope. 

Results and discussion. After  2 weeks of cu l t i va t i on  in 
n o r m a l  n u t r i e n t  med ium,  cu l tu res  f rom 8- and  12-day- 
old chick  e m b r y o s  cons is t  of a m o n o l a y e r  of po lygona l  
f la t  cells (ma in ly  a s t rob la s t s  an  d few m e s e n c h y m a l  cells) 
upon  which  d i f fe ren t i a ted  neu rons  are p r e s en t  7 (Figure  
1). I n  con t ras t ,  in cu l tu res  f rom 15-day-old  ch ick  em- 
bryos ,  v e r y  few neu r ons  are  p r e s en t  a n d  a l m o s t  all  t h e  
cells are f la t  and  po lygona l  (Figure 2). 

No morpholog ica l  a l t e r a t i on  of t he  f la t  cells could be  
obse rved  a f te r  r e m o v i n g  se rum f rom the  cu l tu re  med ium.  
Af te r  add i t i on  of d B c A M P  to  th i s  serum-free  m ed ium,  
t he  po lygona l  f la t  cells (as t roblas ts)  assume a s tar- l ike  
a p p e a r a n c e  (as t rocyt ic- l ike  cells). This  change  can  be  
observed  as ear ly  as a f te r  2 h of i ncuba t ion .  Howe-e r ,  t he  

re la t ive  a m o u n t  of morpho log ica l ly  changed  cells di f fered 
wide ly  accord ing  to  t he  a g e  of t h e  embryo .  

I n  8- and  12-day-old ch ick  e m b r y o  cul tures ,  m o s t  cells 
re ta in  an  u n d i f f e r e n t i a t e d  morphology ,  while  some o the r s  
undergo  an  a s t rocy t i cq ike  t r a n s f o r m a t i o n  a f te r  2 or 24 h 
i n c u b a t i o n  in the  presence  of d B c A M P  (Figure 3). A few 
more  cells are a l tered,  however ,  in  12-day-old t h a n  in 
8-day-old ch ick  e m b r y o  cul tures .  In  con t r a s t ,  in cu l tu res  
f rom 15-day-old embryos ,  m a n y  a s t rob la s t s  are t r ans -  
fo rmed  in to  m u l t i p o l a r  cells w i t h  m a n y  processes,  as 
shown  in  F igure  4. 

P rev ious  s tudies  h a v e  shown  t h a t  cyclic nuc leo t ides  
affect  t he  m o r p h o l o g y  of cu l tu red  a s t rob la s t s  f rom 17-21-  
day-o ld  r a t  e m b r y o s  a n d  f rom n e w b o r n  r a t s  a 5. I n  t he  
p r e sen t  expe r imen t s ,  t he  same morpholog ica l  a l t e ra t ion  
could be  seen in ch ick  e m b r y o  cu l tu red  a s t rob la s t s  a f te r  
t he  add i t i on  of dBcAMP.  I t  is of i n t e r e s t  t h a t  t he  
response  to  d B c A M P  is q u a n t i t a t i v e l y  m u c h  more  im- 
p o r t a n t  in  cu l tu res  f rom 15-day-old t h a n  in cu l tu res  
f rom 8- or 12-day-old  ch ick  embryos .  These  resu l t s  
a p p e a r  to  ind ica te  t h a t  a s t rob l a s t s  m u s t  h a v e  r eached  
some degree of m a t u r i t y  in  ovo to  b e c o m e  morpho log ica l ly  
changed  b y  cyclic nucleot ides .  W e  t h i n k  t h a t  th i s  pheno-  
m e n o n  f u r t h e r  agrees w i t h  a specific a n d  d i f f e ren t i a t ing  
ac t ion  of cyclic AMP.  
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Su~ezmary. Chick  e m b r y o  l iver  p r i m a r y  cul tures ,  w h e n  a d d e d  w i t h  p roges te rone ,  exh ib i t ,  in  c o m p a r i s o n  wi• t h e  con- 
trols,  a n o r m a l  g rowth ,  a decl ine of b o t h  ~H-ur idine  u p t a k e  and  i n c o r p o r a t i o n  in to  t o t a l  RNA,  a decl ine of 3H-leucine 
and  ~*C ser ine i n c o r p o r a t i o n  in to  t he  pro te ins .  P r oges t e rone  is n o t  able  to  s t i m u l a t e  p h o s v i t i n  syn thes i s  induc t ion .  

Ana lys i s  of in  v i t ro  effect  on  t a r g e t  t i ssues  a n d  cells of 
s te ro id  h o r m o n e s  r ep re sen t s  a n  i m p o r t a n t  too l  for s t u d y -  
ing t h e  m e c h a n i s m s  of t h e i r  ac t ion.  In  p rev ious  research,  
we h a v e  d e m o n s t r a t e d  t h a t  estradiol-17-fi  induces  in 
ch ick  e m b r y o  l iver  p r i m a r y  cu l tu res  t h e  de novo  syn thes i s  
of t h e  yo lk  p ro t e in  p h o s v i t i n  ~ and  a decl ined p r o d u c t i o n  
of t h e  ' sec re ted '  p ro t e insK I n  add i t ion ,  a decreased  in-  
co rpo ra t i on  of 3H-ur id ine  i n c o r p o r a t i o n  in to  t he  t o t a l  
R N A  h a s  been  de t ec t ed  ~. I n h i b i t i o n  of p r o t e i n  syn thes i s  
a n d  label led  u r id ine  i nco rpo ra t i on  can  be  obse rved  in  
v i t ro  also in i so la ted  bone  cells a f t e r  hyd r oco r t i sone  
a d m i n i s t r a t i o n  5. W e  h a v e  the re fo re  i n v e s t i g a t e d  w h e t h e r  
s imi la r  effects  could  be  d e m o n s t r a t e d  in l iver  cells follow- 
ing p roges t e rone  t r e a t m e n t .  

Material and methods. 14-day  ch ick  e m b r y o  l iver  cells 
were  cu l tu red  as p rev ious ly  desc r ibed  2; 24 h a f t e r  p la t ing ,  
t e s t  cu l tu res  were  suppl ied  w i t h  n u t r i e n t  c o n t a i n i n g  
p roges te rone  (Merck, 500 ~g /cu l tu re  in 10 V1 of p ropy l ene  

glycol) and  con t ro l s  w i t h  n u t r i e n t  a d d e d  w i t h  p ropy lene  
glycot alone,  Two i n d e p e n d e n t  se ts  of e x p e r i m e n t s  w i t h  
label led  precursors  were  ca r r ied  ou t :  in  t h e  first ,  b o t h  
con t ro l  and  t r e a t e d  cu l tu res  were  suppl ied  w i t h  t h e  
n u t r i e n t  c o n t a i n i n g  2 ~tCi/ml of aH-L-leucine (Radio-  
chemica l  Centre ,  A m e r s h a m ;  specific a c t i v i t y  58 Ci /mM) 
a n d  0.2 ~tCi/ml of i4C-L-serine (Rad iochemica l  Centre ,  
A m e r s h a m ;  specific a c t i v i t y  174 m C i / m M )  ; in  t he  second,  
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Table I. Alkali-labile protein phosphorous 

Culture media (F.g/ml) 

Control cultures (18 h in propylene glycol containing medium) 
Test cultures (18 h in progesterone containing medium) 
Test cultures (18 h in progesterone containing medium and 48 h in normal medium 
Test cultures (18 h in estradiol containiug medium and 48 h in normal medium) 

O 
0 
0 
3.7 8 

Mean of 4 independent experiments. 
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with the nutr ient  containing 0.5 [zCi/ml of 3H-uridine 
(Radiochemical Centre, Amersham; specific activity 41 
Ci/mM). The cultures were continued for 4.5, 9 and 18 h. 
In  a third experiment, media were replaced after 18 h of 
progesterone stimulation and cultures incubated for 
other 48 h. At the end of incubation, ceils were detached 
by t reatment  with 0.02% EDTA (37 ~ 10 rain), washed 
with EDTA and recovered by centrifugation (50 g, 10 
min). Cell counts were carried out by means of a Bfirker 
chamber. Ceils were subsequently homogenized at 0-4 ~ 
in 1 ml of 10% TCA using a Potter homogenizer with a 
teflon pestle. The disrupted cell suspension was centrifuged 
(1000 g, 10 rain) and acid-soluble and acid-insoluble 
material separately recovered and processed. 20 V1 of 
acid-soluble material were placed on a Whatman glass 
fibres disc GF/A (W. and R. Balstone Ltd., Maistone, 
England), transferred into a vial, added with 10 ml of a 
Spectrafluor PPO-POPOP scintillation fluid (Radio- 
chemical Centre, Amersham) and radioactivity measured. 
The TCA precipitate was washed twice with 5% TCA, 
methanol-ethyl ether (1/1 v/v), ether and then dissolved 
in 1 ml Soluene (Packard Ins t rument  Co. Inc.) and added 
to 10 ml of Spectrafluor PPO-POPOP scintillation fluid. 
Culture media recovered by centrifugation of disrupted 
cell suspension were precipitated with 10 % TCA, repeated- 
ly washed with 5% TCA and used for newly synthesized 
secreted proteins and phosphorous determinations. 
Radioactivity was recorded for 10 rain with a Packard 
scintillation counter 2425. Protein phosphorous was 
determined according to BARLETT'S method s, after alka- 
line hydrolysis considered specific for phosvitin 7. 

Resul ts  and  discussion. The results of our experiments 
are reported in Tables I and II.  Progesterone does not 
affect the survival and multiplication of the liver cells in 
vitro, as demonstrated by the cell counts. Moreover, 
hormone is unable to induce phosvitin synthesis during 
both the 18 h stimulation period and the subsequent 48 h, 
when estradiol-17-fl is able to do so. (Table I) On the 
other hand, protein and RNA synthesis are affected by 
hormonal treatment.  At 9 and 18 h, 3H-nridine incorpora- 
tion into RNA (TCA-precipitate) is depressed into the 
treated cultures in comparison with the controls (9 h: 
46%, 18 h:51%).  However, this decline is dependent 
upon a parallel reduction of labelled nucleotide uptake by 
the liver ceils. Indeed, the ratios acid-soluble/acid-in- 
soluble radioactivity are in close agreement between the 
treated and control cultures. Hormone therefore acts on 
cellular permeability. This effect is not  present at 4.5 h. 
Also 3H-L-leueine and 14C-L-serine incorporation into 
proteins (TCA precipitate) is decreased at 4.5 h (84% as 
measured both as labelled leucine and labelled serine 
incorporation) and at  9 h (71% and 88% respectively). 
Since there is no difference between control and treated 
cultures in labelled amino-acid uptake, the protein 
synthesis diminution is real. Correlatively a decrease in 
'secreted' protein synthesis at 9 h is detected in progester- 
one treated cultures (61% in comparison to the controls). 

In  conclusion, progesterone interfers with the liver 
cells protein synthesis. Since this effect is independent of 
phosvitin production stimulation, we suggest that  the 
phosvitin synthesis and that  of 'secreted' proteins are not 
mutual ly related; and that  the last effect is not  specifically 
estradiol-17-fi mediated. 
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