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Further Investigations on the Trophic Effect of 3':5'-Cyclic Adenosine Monophosphate and 
3':5'-Cyclic Guanosine Monophosphate on the Zona Glomerulosa of 
Hypophysectomized Rat Adrenal Cortex 

In  earlier con t r ibu t ion  1 it was r epor ted  t h a t  ACTH and  
Y: Y-cyclic adenosine  m o n o p h o s p h a t e  (cAMP) enhance  the  
g rowth  of the  r a t  adrena l  zona glomerulosa.  Since ACTH 
was found to  s t imula te  adenyl  cyclase in capsular  adrena l  
(zona glomerulosa) in v i t ro  2 we suggested t h a t  cAMP can 
func t ion  as an int raeel lular  med ia to r  of t he  glomerulo- 
t roph ic  act ion of ACTH. More recent ly  we have  shown t h a t  
also Y : 5"-cyclic guanos ine  m o n o p h o s p h a t e  (cGMP) 
exer ts  t roph ic  act ion on the  ra t  zona glomerulosa  ~. 
Since phosphod ies te rase  (the enzyme  des t roy ing  the  
biologic ac t iv i ty  of cAMP) is act ive agains t  all the  pur ine  
cyclic nucleot ides  4, t he  poss ibi l i ty  t h a t  the  cGMP 
glomerulo t rophic  act ion consis t  in the  inh ib i t ion  of th is  
enzyme remained ,  however ,  to  be set t led.  Fu r the rmore ,  
according to  w h a t  r epor ted  for the  ra t  zona fasciculata5 8, 
ne i ther  cAMP nor CGMP were found  to  paral lel  comple te ly  
the  t roph ic  effect  of ACTH on glomerulosal  ceils. 

I t  therefore  seemed wor thwhi le  to invest igate ,  by  
m o r p h o m e t r i c  m e thods  and  electron microscopy,  bo th  
the  effects  of theophyl l ine ,  a phosphod ies te rase  inh ib i to r  4, 
and of the  s imul taneous  admin i s t r a t i on  of cAMP and  
cGMP on the  m a i n t e n a n c e  of t he  g rowth  of h y p o p h y s -  
ec tomized  r a t  zona glomerulosa.  

Mater ia l s  and methods. The animals  used in th is  invest i -  
ga t ion  were young  adul t  male albino ra ts  (Sprague-  
Dawley) weighing abou t  120-140 g. The ra ts  were 
ma in t a ined  on Pur ina  r a t -mouse  chow and  t a p  wa te r  ad 
l ibi tum.  The animals  were d iv ided into 7 expe r imen ta l  
groups.  5 groups were h y p o p h y s e c t o m i z e d  by  the  para-  
pha ryngea l  approach .  The comple teness  of t he  opera t ion  
was  checked at  autopsy.  

On the  6th pos topera t ive  day, 4 h y p o p h y s e c t o m i z e d  
groups  were given ip in ject ions  of 20 mg cAMP/kg,  
20 mg cGMP/kg,  10 mg cAMP plus 10 mg cGMP/kg,  or 
60 mg theophy l l ine /kg  (Sigma Chemical  Company,  
St. Louis, Mo.) for 5 consecut ive  days.  An in tac t  group 
received ip in ject ions  of 60 mg theophyl l ine /kg  for 
5 consecut ive  days.  The o the r  2 groups  ( intact  and  
hypophysec tomized )  received dai ly  ip in jec t ions  of no rma l  
saline. 

Sliced pieces of the  r ight  adrenal  were processed for 
e lectron microscopy.  Thick and th in  sect ions were cut  a t  
the  level of t he  zona glomerulosa and  observed  wi th  the  
l ight  microscope and  the  Hi t ach i  HU-12 electron micro- 
scope, respect ively.  

The pe rcen t  of cellular vo lume occupied by  the  var ious  
o rgand ie s  and  the  ' concen t ra t ion '  of s mo o t h  (SER) and 
rough (RER)  endoplasmic  re t icu lum m e m b r a n e s  and  
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Changes in morphometric parameters of rat zona glomerulosa after hypophysectomy, and treatment with theophylline and Y: 5'-cyclic nucle- 
otides 

Parameters Control (6) Hypophysec- Theophylline Hypohysee- Hypophysec- Hypophysec- Hypophysec- 
tomy (4) (6) tomy-theo- tomy-cAMP tomy-eGMP tomy-eAMP + 

phylline (5) (5) (6) cGMP (5) 

Volume of ~xm 3 624,54- 70.6 376.54- 39.7  736.94- 78.4 384.74- 40 .1  543.4i  54.6 
cells Pl <0.01 <0.01 <0.01 <0.05 

P~ N.S. <0.01 
Volume of ~zm a 105.2 4- 11.5 81.9 4- 7.8 136.9 4- 13.2 83.2 4- 9.1 98.1 = 10.2 
nuclei Pl <0.01 <0.01 <0.01 N.S. 

P2 N.S. <0.02 
Volume of [xm 3 138.1 4- 14.1 86.8 4- 9.4 156.6 4- 16.2 88.3 4- 10.3 109.7 4- 11.2 
mitochondrial Pl <0.01 <0.05 <0.01 <0.01 
fraction P2 N.S. < 0.01 
Surfaceof p.m 2 447.44- 50.6  268.74- 28.1  507.74- 54.3  265.34- 28.6  379.84- 40.7 
mitochondrial Pl <0.01 <0.05 <0.01 <0.02 
cristae p~ N.S. <0.01 
Surfaceof p.m e 2209.2 4- 209.4 1030.2 4- 111.2 2841.8 4- 293.7 1079.6 4- 110.6 1983.3 4- 198.1 
SER PL <0.01 <0.01 <0.01 <0.05 

P~ N.S. <0.0t 
Surfaceof ~xm 2 109.64- 15.7 106.84- 14.8 111.44- 17.2 108.94- 17.3 109.7:~ 14.8 
RER Pl N.S. N.S. N.S. N.S. 

P2 N.S. N.S. 
Volume of ~xm 3 41.4 4- 5.6 62.7 • 7.0 43.7 q- 4.8 60.8 4- 6.9 45.4 4- 5.1 
lipid px <0.01 N.S. <0.01 N.S. 
compartment P2 N.S. <0.01 

532.2 :~ 53.2  648.7 • 74.5 
<0.0I N.S. 
<0.01 <0.01 

96.3 4- 9.7 109.4 4- 11.9 
N.S. N.S. 
<0.02 <0.01 
106.7 ! 10.6  142.3 4- 14.6 

<0.01 N.S. 
<0.01 <0.01 

358.7 -l- 40.4 448.9 + 51.7 
<0.01 N.S. 
<0.01 <0.01 

1961.54-197.4 2230.2i211.8 
<0.05 N.S. 
<0.01 <0.01 
105.9 -4- 17.5 107.4 • 16.5 

N.S. N.S. 
N.S. N.S. 

46.3 • 5.6 40.4 4- 5.3 
N.S. N.S. 
<0.01 <0.01 

Animals were treated as described in the text. The number of rats in each group is indicated in parentheses. Each value represents the group 
mean • S.E. PI, level of significance of the difference from the control group. P2, level of significance of the difference between hypophy- 
sectomized and hypophysectomized theophylline-, and cyclic nucleotide-treated groups. N.S., not significant (p > 0.05). 
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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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