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m i t o c h o n d r i a l  c r i s tae  (i.e., ~m ~ of SER,  R E R ,  and  mi to-  
chondr ia l  cristae/~zm ~ of cy top lasm)  were  e s t i m a t e d  b y  
conven t i ona l  s tereologic m e t h o d s  ~, us ing  t he  s ampl ing  
p rocedures  p rev ious ly  r epo r t ed  ~. The  abso lu te  a m o u n t  of 
t he  va r ious  organel les  in  t h e  i nd iv idua l  g lomerulosa l  cell 
was o b t a i n e d  b y  d e t e r m i n i n g  t he  ave rage  cel lular  vo lume  
w i t h  t he  same ind i rec t  a p p r o a c h  de ta i led  in a n  earl ier  
c o n t r i b u t i o n  ~0. S t u d e n t ' s  t - tes t  was used for the  s t a t i s t i ca l  
e v a l u a t i o n  of results .  

Results  and discussion. Accord ing  to  w h a t  was r epo r t ed  
p rev ious ly  ~,~, b o t h  c A M P  a n d  c G M P  were found  to 
reverse,  a l t h o u g h  no t  comple te ly ,  t he  h y p o p h y s e c t o m y -  
i nduced  a t r o p h y  of t h e  zona  g lomeru losa :  in  fact ,  t h e  
vo lume  of ceils, nuclei,  m i t o c h o n d r i a l  c o m p a r t m e n t  as 
well  as t he  surface of S E R  and  m i t o c h o n d r i a l  c r i s tae  
d isp lay  a s ign i f ican t  increase,  whi le  t he  v o l u m e  of l ip id  
c o m p a r t m e n t  shows a cons iderab le  decrease  (Table).  

The  poss ib i l i ty  t h a t  t h e  t r oph i c  ac t ion  of c G M P  consis ts  
in  t he  compe t i t i ve  i n h i b i t i o n  of ad rena l  phosphod ie s t e r a se  
can  be  d is regarded,  since theophy l l ine ,  whi le  signifi-  
c a n t l y  e n h a n c i n g  ~he g r o w t h  of i n t a c t  r a t  zona  g lomerulosa  
(p re sumab ly  b y  i n h i b i t i n g  t h e  c A M P  biologic degrada t ion) ,  
does no t  exer t  t r oph i c  ac t ion  on l 1-days h y p o p h y s e c t o -  
mized  r a t  g lomerulosa l  ceils, in  wh ich  t he  A T P - a d e n y l  
cyclase sys t em is no  longer  func t ion ing  11 (Table).  

The  Tab le  shows t h a t  t he  s i m u l t aneous  chronic  
a d m i n i s t r a t i o n  of emidoses  of c A M P  and  c G M P  induces  
full  m a i n t e n a n c e  of t he  g r o w t h  of h y p o p h y s e c t o m i z e d  
r a t  zona  glomerulosa.  Th i s  f ind ing  could be  r e a s o n a b l y  
exp l a ined  b y  a s suming  t h a t  c G M P  p o t e n t i a t e s  t he  cAMP- 
ac t ion  b y  i n h i b i t i n g  ad renocor t i ca l  phosphodies te rase .  
However ,  t he  fol lowing pieces of ev idence  are aga ins t  t h i s  
poss ib i l i ty :  1. t he  doses of s ingle cyclic nuc leof ide  
a d m i n i s t e r e d  in t h e  p r e s en t  s t u d y  were ve ry  high,  a n d  
2. c G M P  was no t  found  to ac t  s inergis t ica l ly  a t  h igh  doses 
of c A M P  ~2. 

On th i s  basis,  our  d a t a  seem to  be cons i s t en t  w i t h  t he  
h y p o t h e s i s  t h a t  cGMP, l ike cAMP, can  ac t  as an  in t r a -  

cel lular  m e d i a t o r  of t he  t roph ic  ac t ion  of A C T H  on t he  r a t  
zona  glomerulosa.  

However ,  i t  is to  be  s t ressed  t h a t ,  s ince r a t  ad r ena l  
g u a n y l  cyclase is no t  sens i t ive  to  A C T H  13 t he  chal lenge 
h y p o t h e s i s  t h a t  c G M P  can  func t ion  as an  in t r ace l lu la r  
m e d i a t o r  of o the r  g lomeru lo t roph ic  fac tors  (e.g., ren in-  
ang io t ens in  sys tem)  c a n n o t  be  excluded,  a t  p resen t .  
S tudies  are in progress  to  se t t le  th i s  p o i n t  ~4. 

Riassunto.  Oltre  il cAMP, anche  il c G M P  eserc i ta  az ione 
t rof ica  sul la  zona  g lomeru la re  di r a t to .  E n t r a m b i  i 
nuc leo t id i  ciclici per6, a n c h e  se s o m m i n i s t r a t i  in  a l te  dosi, 
n o n  a n n u l l a n o  c o m p l e t a m e n t e  gli  ef fe t t i  de l l ' ipof isec tomia .  
La  sommin i s t r a z ione  s i m u l t a n e a  di c A M P  a c G M P  provo-  
ca, invece,  p ieno  m a n t e n i m e n t o  del t ro f i smo del la  zona  
g lomeru la re  di  r a t t o  ipof isec tomizzato .  Viene  discussa  la  
poss ibi l i t~  che e n t r a m b i  i nuc leo t id i  ciclici i n t e r v e n g a n o  
nel la  med iaz ione  in t race l lu la re  del l ' az ione  glomerulo-  
t rof ica  de l l 'ACTH.  
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Estrogen-Induced Phosvit in Synthesis  in Cultured Chick Embryo Liver Cells 

P h o s v i t i n  is a yo lk  p ro t e in  of ce r t a in  ov ipa rous  ver te -  
bra tes .  I n  birds,  i t  is syn thes i zed  in l iver  of l ay ing  hens  
a n d  t r a n s p o r t e d  in  t h e  b lood  to  t he  deve lop ing  oocy te  1, 2. 
I n  male  a n d  i m m a t u r e  birds,  hepa t i c  syn thes i s  of phos-  
v i t i n  can  be induced  b y  es t rogen  a d m i n i s t r a t i o n  3, ~. Such  
a sys t em h a s  been  ex t ens ive ly  used for s t u d y i n g  t he  na-  
t u r e  of the  m e c h a n i s m  invo lved  in s te ro id  h o r m o n e s  re- 
gu la t ion  of specific p ro t e in s  syn thes i s  in  v ivo  2, 5-~. A n  in 
v i t r o  s y s t e m  could i m p r o v e  t he  e x p e r i m e n t a l  oppor tun i -  
t ies  for these  inves t iga t ions .  W e  h a v e  the re fo re  inves t i -  
ga t ed  t he  poss ib i l i ty  of s t i m u l a t i n g  p h o s v i t i n  syn thes i s  in  
ch ick  e m b r y o  l iver  cul tures .  

Materials  and methods. Livers  r e m o v e d  f rom 14-day old 
ch ick  e m b r y o s  were  gen t ly  cu t  in to  smal l  pieces, w a s h e d  
in T y r o d e ' s  so lu t ion  and  d issocia ted  in 0 .25% buf fe red  
t r y p s i n  (Difco) a t  room t e m p e r a t u r e  for 25-30 mill. The  
cells were t h e n  f i l tered t h r o u g h  a n y l o n  mesh,  cen t r i fuged  
(35 g, 10 rain) a n d  r e suspended  in 199 (Gibco, G r a n d  Is- 
land,  N.Y.)  w i t h  20% added  calf se rum and  penici l l in  
200 un i t s /ml .  5 ml  of cell suspens ion  (4 • l0  s cells/ml) were 
p u t  in  f lasks a n d  i n c u b a t e d  a t  37 ~ Cells o b t a i n e d  f rom 
t h e  same ch ick  e m b r y o s '  h e a r t s  were used as control .  

Estradiol-17-/3 (Merck;  in  p ropy l ene  glycol, 50 y/~l) was  
i nco rpo ra t ed  in t he  m e d i u m  a t  t he  f ina l  c o n c e n t r a t i o n  of 
500 y/cul ture .  The  t i m e  schedule  was recorded  in F igure  
l a .  45 l iver  cu l tu res  (25 t e s t  a n d  20 con t ro l  ones) a n d  20 

h e a r t  cu l tu res  (10 t e s t  and  10 con t ro l  ones) were car r ied  
ou t  and  were obse rved  da i ly  w i t h  an  i n v e r t e d  Re iche r t  
microscope.  Slides were f ixed in m e t h a n o l i c  a lcohol  and  
s t a ined  w i t h  May-Gr i imwald -Giemsa .  

Af te r  col lec t ion a n d  c e n t r i f u g a t i o n  (35 g-10 rain) t he  
cu l tu re  m e d i u m  was dia l ized ex tens ive ly  aga ins t  0.90/o 
NaC1, lyophi l ized,  dissolve in 0.5 ml  0.9% NaC1 a n d  t h e n  
e x a m i n e d  b y  m e a n s  of t h e  O u c h t e r l o n y  l0 double  gel im-  
munod i f fus ion  a n d  t he  i m m u n o e l e c t r o p h o r e t i c  micro-  
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t e c h n i q u e  of SCHEIDI~GGER 11 aga in s t  a n t i p h o s v i t i n  an t i -  
s e rum (an t i -Ph ,  Calb iochem) a n d  t he  a n t i - t o t a l  a d u l t  
ch icken  se rum a n t i s e r u m  (ant i -TACS,  Colorado Se rum 
Co). Tile p ro t e in  P was d e t e r m i n e d  on  10% t r i ch lo roace t i c  
acid p rec ip i t a t e s  b y  t he  m e t h o d  of BARTLETT 12 a f t e r  a lka-  
l ine  hydrolys is ,  cons idered  specific for p h o s v i t i n  5 a n d  t h e  
p ro t e in  c o n t e n t  accord ing  to t i le  m e t h o d  of LowRY et  al.lK 

Results. Cell g rowth .  24 h a f t e r  t h e  in i t ia l  p la t ing ,  l iver  
cu l tu res  e x a m i n e d  b y  ti le i n v e r t e d  microscope e x h i b i t e d  
s ingle wel l - isola ted colonies of cells, i n t e r r u p t e d  b y  large 
cell-free spaces. S t a ined  colonies were m a i n l y  fo rmed  b y  
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Fig. la). Time schedule: 0 represents the experimental starting 
point (24 h after plating), dotted arrow the moment of estradiol- 
17-/~ administration in test cultures and solid arrow the moment of 
hormone removal, b) Protein P concentration in nutrient fluids 
removed from liver cultures for the indicated incubation hours. 
Each point represents averages of 5 independent determinations, 
each in duplicate. Ranges give the minimum and maximum values 
observed. 

f l a t t e n e d  p a r e n c h y m a l  cells in  monolayers ,  well  a t t a c h e d  
to  t h e  glass b o t t o m  pol igonal  in shape.  Some cells were 
b inuc lea te .  A t  th i s  t i m e  t h e  m e d i u m  was ch an g ed  a n d  t he  
t e s t  cu l tu res  were s u p p l e m e n t e d  w i t h  t h e  h o rmo n e -con -  
t a i n i n g  nu t r i en t .  As i n c u b a t i o n  proceeded,  no  dif ference 
was found  be tween  the  con t ro l  an d  t h e  t r e a t e d  cul tures .  
Cellular colonies b e c a m e  so conf luen t  as to  m a k e  a con- 
t i n u o u s  cel lular  layer  w i t h i n  2-3 days.  Ep i the l i a l - l ike  ceils 
are well  p re se rved  a n d  a d h e r e n t  to  each  other .  Fus i fo rm 
(f ibroblast ic)  ceils appea red  in m o n o l a y e r  a f t e r  2-3  days,  
nea r  a n d  a t  t h e  edges of p a r e n c h y m a l  cell sheets .  H e a r t  
cu l tu res  grew v e r y  well  a n d  w i t h i n  3-4 days  h a d  a v e r y  
large popu la t i ons  of well  sp read  cells, f r e q u e n t l y  t r i a n g u l a r  
or s te l la te  in  shape.  

Immunochemical analysis. N u t r i t i o n a l  med ia  o b t a i n e d  
f rom cont ro l  l iver  cu l tu res  a t  t h e  fol lowing i n c u b a t i o n  
t i m e s  24, 55 a n d  108 h a f t e r  t h e  in i t ia l  p la t ing ,  an d  checked  
for  p h o s v i t i n  b y  t h e  double  d i f fus ion  test ,  showed  no reac- 
t ion.  On t h e  o the r  hand ,  w h e n  t h e  same  med ia  were t e s t ed  
aga ins t  a n t i - T A C S  a n t i s e r u m  us ing  i m m u n o e l e c t r o p h o r e -  
sis, a t  leas t  two f rac t ions  were de tec ted .  Two se rum pro-  
t e ins  h a v e  been  also d e m o n s t r a t e d  in t h e  h o r m o n e - t r e a t e d  
l iver  cu l tu res  a t  55 an d  108 i n c u b a t i o n  hours .  A s l igh t  re- 
ac t ion  was obse rved  aga ins t  a n t i - P h  a n t i s e r u m  in fluids 
f rom 24 h i n c u b a t e d  t e s t  l iver  cul tures ,  whi le  a s t rong  
r eac t ion  occur red  w i t h  med ia  f rom cul tures  wh ich  were 
t r e a t e d  for 55 h a n d  108 h. No r eac t ion  was obse rved  
w h e n  med ia  r e m o v e d  a t  t i le same  i n c u b a t i o n  t i m e  f rom 
t e s t  an d  con t ro l  h e a r t  cu l tu res  were t e s t e d  b o t h  aga ins t  
a n t i - p r o t e i n  a n d  a n t i - P h  a n t i s e r u m  (Figure 2). 

Biochemical analysis. D a t a  conce rn ing  p ro t e i n  P concen-  
t r a t i o n  are recorded  on  t h e  g r a p h  (Figure l b ) .  P r o t e i n  P 
was c lear ly  de t ec t ab l e  a f t e r  24 h of i n c u b a t i o n  in t h e  l iver  
t e s t  cu l tu res  a n d  increases  qu i te  l inea r ly  for t h e  o t h e r  in-  
c u b a t i o n  period.  

Discussion. U n d e r  our  e x p e r i m e n t a l  condi t ions ,  p r i m a r y  
cu l tu res  of ch ick  e m b r y o n i c  l iver  cells grew v e r y  well, as 
d e m o n s t r a t e d  b o t h  b y  t he i r  m o r p h o l o g y  a n d  ab i l i ty  to  
p roduce  se rum prote ins .  E s t r a d i o l  17-fi induces  b o t h  de 
novo  p h o s v i t i n  syn thes i s  in  l iver  cells g rown in v i t ro  and  
t h e  secre t ion  of th i s  s u b s t a n c e  in to  t h e  ex t r ace l lu l a r  me-  
d ium.  T h e  lag pe r iod  in  v ivo  (24 h) 4, 5, 7 is in  good agree- 
m e n t  w i t h  our  o b s e r v a t i o n s  in  vi t ro .  P h o s v i t i n  syn thes i s  
con t inues  in  v i t ro  w i t h  increas ing  i n t e n s i t y  for a t  leas t  48 h 
a f te r  r e m o v a l  of t h e  ho rmone .  T h e  ab i l i t y  of l iver  cells to  
be  affected b y  es t rogen s t i m u l a t i o n  is a l r eady  p r e s en t  in 
t h e  e m b r y o n i c  per iod.  Fo r  t h e  es t rogenic  effect, n e i t h e r  
a n i m a l  i n t e g r i t y  14 n o r  o rgan  s t r u c t u r a l  m a i n t e n a n c e  are 
requi red  and,  therefore ,  t h e  h o r m o n e  d i r ec t ly  ac t s  u p o n  
l iver  cells 15. 
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Fig. 2. Ouchterlony test; the central well contain anti-Ph antiserum; 
the peripheral welis are phosvitin (Ph) and preparations from treated 
cultures nutritional medimn (NM). 

Riassunto. ~ s t a t a  d i m o s t r a t a  la capac i tk  di  cu l tu re  pr i -  
mar i e  di fegato  e m b r i o n a l e  di s in te t i zza re  fosv i t ina  in  
v i t ro  dopo t r a t t a m e n t o  con estrogeni .  
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