
15. 11. 1971 Specialia 1257 

The Regulatory Role of Phosphodiesterase in Adenosine Cyclic 3', 5'-Monophosphate Mediated A C T H  

Action 

The  m e d i a t i o n  b y  adenos ine  cyclic 3', 5 ' -monophos -  
p h a t e  in  a d r e n o c o r t i c o t r o p h i c  h o r m o n e  (ACTH) ac t ion  is 
n o w  v e r y  well  d o c u m e n t e d  z. The re  is a s t i m u l a t o r y  effect  
of t he  h o r m o n e  on  ad r ena l  a d e n y l  cyclase2;  A C T H  effect  
on  cAMP-spec i f ic  p h o s p h o d i e s t e r a s e  (PD) is no t  clear3, 4. 
A s t i m u l a t o r y  ef fec t  is r evea l ed  in  t h e  p r e s e n t  s t u d y  b y  
us ing  sod ium d e o x y c h o l a t e  (DOC). 

3 m a t u r e  f emale  w h i t e  r a t s  were  each  in j ec t ed  i.m. w i t h  
0.2 U A C T H  in 0.33 m l  sal ine.  T h e  s a m e  v o l u m e  of sa l ine  
was  g iven  to  each  of 3 con t ro l  ra ts .  A f t e r  1 h, t h e  r a t s  were 
d e c a p i t a t e d .  A d r e n a l s  were  r emoved ,  f reed of ad ipose  t is-  
sue  a n d  qu i ck ly  f rozen a t  -60°C.  A d r e n a l s  of each  g roup  
were  h o m o g e n i z e d  in 3 m l  of  0 . 2 5 M  sucrose  in 0.1 M tris- 
HC1 buffer ,  p H  7.8. T h e  h o m o g e n a t e s  were  cen t r i f uged  a t  
30,000 × g  for  30 ra in  a t  4°C. T h e  pe l le t s  were  r e s u s p e n d e d  
i n  3 m l  of h o m o g e n i z a t i o n  m e d i u m  a n d  d iv ided  i n t o  2 
po r t ions .  T o  1 p o r t i o n  was  a d d e d  DOC to  a f ina l  concen-  
t r a t i o n  of 0 .38%.  T h e  s a m e  v o l u m e  of w a t e r  w as  a d d e d  to  
t h a  o t h e r  po r t i on .  These  4 r e suspens ions  were  t h e n  cen t r i -  
fuged  a t  30,000 × g  for  30 rain,  a n d  t h e  pe l le t s  were resus-  
p e n d e d  in  h o m o g e n i z a t i o n  m e d i u m  to  t h e  in i t i a l  vo lume.  
0.1 m l  a l i quo t s  f rom each  of t he  10 e n z y m e  p r e p a r a t i o n s  
were  a s sayed  for P D  ac t iv i ty .  T h e  as say  m i x t u r e  c o n t a i n -  
ed, in  a f ina l  v o l u m e  of 0.25 ml  a f t e r  e n z y m e  add i t ion ,  
2 m M  cAMP,  0.166 IzC/ml 3H-cAMP,  2 m M  MgCt~ a n d  
50 m M  i r is -He1 buffer ,  p H  7.8. I n c u b a t i o n  l a s t ed  for 
15 m i n  a t  37 °C. The  r eac t i on  was  t e r m i n a t e d  b y  boi l ing  in 
w a t e r  for  3 rain.  D e n a t u r e d  p r o t e i n  was s e d i m e n t e d  a t  
5,000 × g for  15 rain.  0.2 m l  of t h e  s u p e r n a t a n t s  was  appl i -  
ed  to  W h a t m a n  3 m m  p a p e r  a n d  deve loped  d o w n w a r d s  
for  2 0 h  w i t h  95% e thano l -1  M a m m o n i u m  ace ta te ,  
2.9 m M  E D T A ,  p H  8.0 (70/30, v /v) .  U V - a b s o r b i n g  spo ts  
co r r e spond ing  to  c A M P  were  cut ,  soaked  in 2 ml  0 . 1 N  
HC1 o v e r n i g h t  a n d  c o u n t e d  in 10 ml  BRAY'S s c i n t i l l a n t  5 in 
a Nuc l ea r  Chicago M a r k  I l iqu id  sc in t i l l a t ion  c o u n t i n g  
sys tem.  P r o t e i n  c o n t e n t s  of the  e n z y m e  p r e p a r a t i o n s  were 
d e t e r m i n e d  b y  t h e  m e t h o d  of LowRY% 

The  resu l t s  (Figure  1) i nd i ca t e  t h a t  A C T H  a d m i n i s t r a -  
t i on  in v ivo  does no t  h a v e  a m a r k e d  effect  on e n z y m e  act i -  
v i t i e s  of b o t h  p a r t i c u l a t e  ~ a n d  s u p e r n a t a n t  f rac t ions .  The  
r a t i o  of ac t iv i t i e s  fo t h e  2 f r ac t ions  appea r s  to  be  unaf fec t -  
ed, w i t h  2.64 for  t he  e x p e r i m e n t a l  g roup  aga i n s t  2.45 for  
t h e  cont ro l .  T h e  ra t io  of ac t iv i t i e s  of r e suspens ion  to  wash,  
however ,  i nd ica tes  a 45 % decrease  a f t e r  A C T H  t r e a t m e n t .  
A C T H  m a y  t h u s  r e n d e r  t h e  m e m b r a n e  b o u n d  e n z y m e  more  
suscep t ib le  to  so lub i l i za t ion  u p o n  washing .  

P D  a c t i v i t y  is i n h i b i t e d  in 3 of t h e  4 e n z y m e  p repa ra -  
t ions  t r e a t e d  w i t h  DOC. T h e  excep t ion  is t h e  resuspen-  
s ion f rom t h e  e x p e r i m e n t a l  g roup  wh ich  shows a n  increase  
b y  2.5 folds ove r  t he  same  e n z y m e  p r e p a r a t i o n  w i t h o u t  
DOC. I n  add i t ion ,  DOC increases  t he  r a t io  of ac t iv i t i e s  of 
r e suspens ion  to  wash,  b u t  t he  increase  is g rea t e r  in  t h e  ex- 
p e r i m e n t a l  g roup  t h a n  in t h e  cont ro l .  The  overa t l  e f fec t  is 
t h a t ,  a f t e r  DOC t r e a t m e n t ,  e n z y m e  a c t i v i t y  of p a r t i c u l a t e  
f r ac t i on  f rom t h e  e x p e r i m e n t a l  g roup  e x h i b i t s  a n  inc rease  
whi le  t h a t  f rom t h e  con t ro l  shows  a decrease.  The  r a t i o  of  
p a r t i c u l a t e  to  s u p e r n a t a n t  a c t i v i t y  is t h u s  increased  in t h e  
e x p e r i m e n t a l  g r o u p  b u t  is dec reased  in t h e  cont ro l .  

T h e  inc rease  of P D  a c t i v i t y  in  r e suspens ion  f rom A C T H -  
t r e a t e d  r a t s  is n o t  due  to  a s t i m u l a t o r y  ef fec t  f r om t h e  
r e s idua l  DOC lef t  a f t e r  wash ing .  P a r t i c u l a t e  a n d  super -  
n a t a n t  f r ac t i ons  were  p r e p a r a t e d  f rom a d r e n a l  homoge -  
n a t e s  f r o m  3 e x p e r i m e n t a l  a n d  3 con t ro l  r a t s  as  desc r ibed  
above .  0.1 m l  a l i quo t s  of t h e  4 e n z y m e  p r e p a r a t i o n s  were  
a s sayed  in t h e  p resence  of va r i ous  c o n c e n t r a t i o n s  of  DOC 
in t h e  s a m e  a s say  mix tu re .  

T h e  ef fec t  of DOC o n  P D  a c t i v i t y  is a n  o u t r i g h t  inh ib i -  
t i o n  f rom low to  h i g h  c o n c e n t r a t i o n s  (F igure  2). I n  t h e  ab -  
sence  of  DOC, A C T H  a d m i n i s t r a t i o n  in v i v o  does  n o t  ap -  
pea r  to  a f fec t  e n z y m e  ac t iv i t i e s  of b o t h  p a r t i c u l a t e  a n d  
s u p e r n a t a n t  f rac t ions .  H o w e v e r  e n z y m e  p r e p a r a t i o n s  
f rom t h e  e x p e r i m e n t a l  group,  b o t h  t he  p a r t i c u l a t e  a n d  t h e  
s u p e r n a t a n t  f rac t ions ,  a re  d i s t i nc t l y  less i n h i b i t e d  b y  
DOC t h a n  t h e  co r r e spond ing  p r e p a r a t i o n s  f rom the  con-  
trol .  
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1. ACTH and DOC effect on phosphodiestcrase 
activity. Each value is the average of 2 duplicate 
samples. Enzyme activity = ~molc cAMP de- 
graded]mg protein, 15 min. 
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2. Effect of increasing DOC concentrations on phospho- 
diesterase activity. The fractions are: • • ,  ACTH, 
particulate; I. & ,  ACTH, supernatant; O -  - - G ,  
control, particulate; / ~ -  - -A  , control, supernatant. 

T h e  increase  ot P D  a c t i v i t y  in t h e  p resence  of DOC a f t e r  
A C T H  a d m i n i s t r a t i o n  in v i v o  sugges t s  t h a t  t h e r e  is a hor -  
m o n a l  effect  o n  t h e  e n z y m e  ac t i v i t y .  I t  is v e r y  l ike ly  t h a t  
A C T H  s t i m u l a t e s  a de n o v o  syn thes i s  of P D  in  t h e  adrenaIs ,  
a n  effect  s imi la r  to  t h a t  a sc r ibed  to  insu l in  s . T he  newly  
syn the s i zed  enzyme,  however ,  is n o t  accessible  to  t h e  
subs t r a t e .  T h e  e x a c t  s i te  whe re  de novo  s y n t h e s i s  t akes  
place  a n d  t he  n a t u r e  of b a r r i e r  to  t he  s u b s t r a t e  are open  to  
specu la t ion .  

Rdsumd. Le d6soxycho /a t e  de soude  i n h i b e  f o r t e m e n t  
l ' ac t iv i t6  de  la  phosphod ie s t6 r a se  su r r6na l i enne  du  ra t .  
P a r  cen t re ,  l ' a d m i n i s t r a t i o n  de I ' A C T H  in v ivo  a n g m e n t e  
ce t t e  ac t iv i t6  en pr6sence  du  d6oxycho la te .  I n  v i t ro ,  chez  
le r a t  t r a i t6  p r 6 a l a b l e m e n t  p a r  le I 'ACTH,  ce t t e  ac t iv i t6  

es t  mo ins  inh ib6e  p a r  le d6soxycho la t e  d a n s  la  f r ac t i on  
pa r t i cu l ih re  c o m m e  darts  la  f r ac t i on  s u r n a g e a n t e .  L ' a c t i o n  
de  I ' A C T H  joue  donc  u n  r N e  r6gu la t eu r  de  Ia phosphod i e s -  
t6rase.  
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T h e  E f f e c t  o f  D i h y d r o e r g o t a m i n e  on the  P h o s p h o d i e s t e r a s e  Act iv i ty  of  Cat Grey  Mat ter  

Since t he  i nves t i ga t i ons  of SUTHERLAND1-3 i t  has  been  
a s sumed  t h a t  cyclic adenos ine  m o n o p h o s p h a t e  (cAMP) 
fulfi ls t h e  f u n c t i o n  of a second messenge r  in  c e r t a i n  hor -  
m o n e  effects.  Acco rd ing ly  t h e  s t a t i s t i ca l  l ife of c A M P  in 
t h e  cell  a p p e a r s  to  be  a m e a s u r e  of t he  a c t i v i t y  of m a n y  
hormones .  SUTHERLAND was t he  f i r s t  t o  obs e r ve  t h e  ac t i -  
v a t i o n  of a d e n y l  cyclase  (ACase) b y  ad rena l ine .  LA~GAN a, 
MIYAMOTU, K u o  a n d  GR~ENGARD ~ p o i n t e d  o u t  t he  im-  
p o r t a n c e  of c A M P  for c e n t r a l  n e r v o u s  R N A  m e t a b o l i s m  
a n d  l o n g - t e r m  m e m o r y .  T h e  c o n c e n t r a t i o n  of t h e  second 
messenger  d e p e n d s  u p o n  p h o s p h o d i e s t e r a s e  (PEase) ,  t h e  
e n z y m e  w h i c h  i n a c t i v a t e s  c A M P  b y  c leavage  to  5 ' -AMP,  
as  well  as u p o n  a d e n y l  cyclase.  T h e  c l eavage  proceeds  b y  
nuc leoph i t i c  s u b s t i t u t i o n  a t  C3 of t h e  r ibose  moie ty .  T h e  
l i be ra t i on  occurs  in  t h e  p resence  of Mg ++ in o rder  to  
p re se rve  t he  s ter ic  con f igu ra t ion  of t i le  e n z y m e  molecule.  

All  s u b s t a n c e s  a f fec t ing  one  of these  e n z y m e  s ys t ems  
t h u s  inf luence  t h e  c o n c e n t r a t i o n  of i n t r ace l l u l a r  cAMP.  
P E a s e  inh ib i to r s ,  such  as m e t h y l x a n t h i n e s ,  caffeine,  t heo -  
phy l l ine ,  p a p a v e r i n e  a n d  2-bromlyserg ic  ac id  d i e t h y l a m i d e  
( B O L  148)*, ~ i n v e s t i g a t e d  b y  KIJKOVETZ a n d  POCH s re in -  
force t h e  e f fec t  of c A M P  in a m a n n e r  s imi l a r  to  t h e  care-  

cho lamines .  The  a c t i v i t y  of va r ious  i nh ib i t o r s  differs  f rom 
o rgan  to  organ,  as  t{UKOVETZ a n d  POcn  8 r ecen t l y  showed  
in t h e  case of papave r ine .  VTILLIAMS 9 found  a s imi la r  s t a t e  
of affairs  in  t h e  g rey  m a t t e r .  H e  n o t e d  t h a t  t h e o p h y l l i n e  
h a d  on ly  a s l igh t  P E a s e - i n h i b i t o r y  ef fec t  on  ce rebra l  cor tex ,  
as  c o m p a r e d  w i t h  o t h e r  organs .  
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