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The Invo lvement  of Cyclic 3', Y - A d e n o s i n e  M o n o p h o s p h a t e  in the Growth  H o r m o n e  Release  Mech-  
a n i s m  (s)  1 

I t  h a s  r e c e n t l y  b e e n  s h o w n  b y  SCHOFIELD 2 t h a t  t h e  
a d d i t i o n  of  t h e o p h y l l i n e  t o  a n t e r i o r  p i t u i t a r i e s  i n c u b a t e d  
in v i t r o  s i g n i f i c a n t l y  e n h a n c e s  t h e  o u t p u t  o f  g r o w t h  
h o r m o n e  (GH) in  t h e  i n c u b a t i o n  m e d i u m .  T h e s e  resu l t s ,  
w h i c h  a re  i n t e r p r e t e d  to  m e a n  t h a t  t h e  r e l ease  of  g r o w t h  
h o r m o n e  is s t i m u l a t e d  b y  a n  i nc r ea se  in  t h e  p i t u i t a r y  
level  of  cyc l ic  3', Y - a d e n o s i n e  i n o n o p h o s p h a t e  (3', 5 ' -AMP) ,  
p r o m p t e d  us  t o  i n v e s t i g a t e  w h e t h e r :  (1) t h e  a c t i o n  of  
t h e o p h y l l i n e ,  e v i d e n t  in  v i t ro ,  w a s  st i l l  p r e s e n t  in  v i v o ;  
(2) 3', 5 ' - A M P  was  c a p a b l e  b y  i t se l f  of  s t i m u l a t i n g  re l ease  
of  g r o w t h  h o r m o n e .  T h u s  t h e o p h y l l i n e  a n d / o r  3', 5 ' - A M P  
d i b u t y r a t e  w e r e  i n j e c t e d  i n t o  b r a i n  l a t e r a l  v e n t r i c l e  of  
t h e  r a t  a n d  t h e i r  e f f ec t  on  G H  re lease  f r o m  t h e  p i t u i t a r y  
w a s  e v a l u a t e d  b y  t h e  ' t i b i a  t e s t '  m e t h o d  of  GREENSPAN 
e t  al. 8. I n  a s e c o n d  ser ies  of  e x p e r i m e n t s  i t  w a s  s t u d i e d  
w h e t h e r  a n  e n h a n c e d  a v a i l a b i l i t y  of  3', 5 ' -AMP,  i n d u c e d  
b y  a p r e t r e a t m e n t  w i t h  t h e o p h y l l i n e ,  m i g h t  a l low G H  
re lease  in  r e s p o n s e  to  a s t i m u l u s  as  f o r m a l i n  a d m i n i s t r a -  
t ion .  S u c h  a s t i m u l u s  w a s  p r e v i o u s l y  f o u n d  i n a c t i v e  in 
t h e  r a t  in d e p l e t i n g  t h e  h o r m o n e  f r o m  t h e  p i t u i t a r y ,  a t  
v a r i a n c e  w i t h  o t h e r  s t r e s s fu l  p r o c e d u r e s 4 .  I n  ou r  e x p e r i -  
m e n t s ,  S p r a g u e - D a w l e y  f e m a l e  r a t s  of  120-140 g b o d y  
w e i g h t  m a i n t a i n e d  in g r o u p  cages ,  a t  c o n s t a n t  t e m p e r a -  
t u r e  (22 ~ 2 ~ w e r e  used .  All  a n i m a l s  w e r e  f a s t e d  ove r -  
n i g h t  b e f o r e  t h e  t r e a t m e n t .  T h e  fo l lowing  d a y  t h e y  w e r e  
i n j e c t e d  w i t h  t e s t  d r u g s  d i s s o l v e d  in  sa l ine .  (Fo r  o t h e r  
de t a i l s  of  t h e  e x p e r i m e n t a l  p r o c e d u r e  see  T a b l e  I a n d  I I ) .  

A n i m a l s  w e r e  ki l led  b y  d e c a p i t a t i o n  30 r a in  or  1 h 
b e f o r e  t h e  l a s t  i n j ec t ion .  T h e  p i t u i t a r i e s  w e r e  r e m o v e d ,  

p o o l e d  b y  g r o u p s  a n d  t h e i r  G H  a c t i v i t y  w a s  m e a s u r e d  
b y  t h e  ' t i b i a  t e s t '  m e t h o d  of  GREENSPAN e t  al. ~. S ince  
in  t h e  GREEXSPAN a s s a y  t h e  w i d t h  of  e p i p h y s e a l  ca r t i l age  
is d i r e c t l y  r e l a t e d  to  t h e  log-dose  of  G H  o v e r  t h e  l i nea r  
p o r t i o n  of  t h e  cu rve ,  t h e  r e su l t s  a re  e x p r e s s e d  d i r e c t l y  
in  t e r m s  of  t h e  w i d t h  of  e p i p h y s e a l  ca r t i l age .  T h e  s ignif i -  
c a n c e  of  d i f f e r e n c e s  b e t w e e n  g r o u p s  w a s  d e t e r m i n e d  b y  
S t u d e n t ' s  t - tes t .  A s a m p l e  of  v e n o u s  b l o o d  w a s  w i t h -  
d r a w n  f r o m  e x p e r i m e n t a l  r a t s  a t  t h e  t i m e  of  sacr i f ice  
for  b l o o d  g lucose  d e t e r m i n a t i o n s  (Glucos ta t ,  W o r t h i n g t o n ,  
B i o c h e m i c a l @  

Results. F r o m  t h e  r e su l t s  r e p o r t e d  in  T a b l e  I i t  a p p e a r s  
t h a t  wh i l e  cyc l ic  A M P  was  i n a c t i v e  in  u n t r e a t e d  a n i m a l s  
(g roup  3 vs.  1), in  r a t s  p r e t r e a t e d  s.c. w i t h  t h e o p h y l l i n e ,  
a c l ea r  e f f ec t  o n  G H  re lease  w a s  n o t i c e d  (group  5 vs.  1 
a n d  3). T h i s  is a p p a r e n t  f r o m  t h e  n a r r o w e r  e p i p h y s e a l  
c a r t i l age  in  h y p o p h y s e c t o m i z e d  r a t s  r e c e i v i n g  p i t u i t a r y  
h o m o g e n a t e s  f r o m  a n i m a l s  i n j e c t e d  w i t h  t h e o p h y l l i n e  
a n d  3', 5 ' -AMP.  O n  t h e  o t h e r  h a n d ,  t h e o p h y l l i n e ,  wh i ch ,  
w h e n  i n j e c t e d  s.c.  w a s  i n e f f e c t i v e  on  G H  re lease  (group  4 
vs.  1), w h e n  g i v e n  i n t r a v e n t r i c u l a r l y  i n d u c e d  a m a r k e d  

1 Supported by USPHS Research Grant No. HD 01109-03. 
2 j .  G. SC~O~rELD, Nature 215, 1383 (1967). 
3 F. S. GREENSPAN, C. H. LI, M. E. SIMPSON and H. M. EvANs, 

Endocrinology 45, 455 (1949). 
4 E. E. MCLLER, T. SAITO, A. ARIMURA and A. V. SCHALLY, Endo- 

crinology 80, 109 (1967). 

Table I. Effect of cyclic 3',5'  adenosine monophosphate (3',Y-AMP) given by intraventricular injection on pituitary growth hormone 
activity in animals pretreated or not with theophylline 

Group Treatment and dose No. of Epiphyseal width P Blood glucose 
animals (Ix) (mg]100 ml) 

1 Saline (0.02 ml e.v.) 6 
2 Theophylline (5 [zg/0.02 ml e.v.) 6 
3 3",5'-AMP (5 [xg]0.02 ml e.v.) 6 
4 Theophylline (50 mg/kg s.c.) 5 
5 Theophytline (50 mg/kg s.c.) + 6 

3',5'-AMP (5 [zg/0.02 ml e.v.) 

255 4- 7.7 - 84.7 4- 6.7 
213 4- 11.0 0.01 103.3 _~/1.7 
255 4- 8.2 n.s. 94.4 4- 4.4 
245 4- 8.2 n.s. 100.0 4- 3.9 
217 4- 9.7 0.01 108.6 4- 12.0 

Animals were injected with theophylline or 3', 5'-AMP by intraventricular injection (e.v.)~ or with theophylline by s.c. and killed 30 min 
after the last injection. In the combined treatment theophylline was given s.c. 2 h before 3', Y-AMP. In the 'tibia test' 6-8 hypophysectomized 
assay animals per group were used. Values are means and standard errors, n.s., not significant. 

The method described by NOBLE et al. 5 was used. 

Table II. Effect of formalin on pituitary growth hormone activity in animals pretreated or not with theophylline 

Group Treatment and dose No. of Epiphyseal width P Blood glucose 
animals (~z) (mg/100 ml) 

P 

1 Saline (0.5 ml/100 g s.e.) 6 250 4- 2.3 - 70.0 4- 9.0 
2 Formalin 10% (0.5 ml s.c./rat) 6 247 -t- 1.6 n.s. 105.0 4- 7.0 
3 Theophylline (50 mg/kg s.c.) 5 248 4- 4.0 n.s. 85.3 4- 8.5 
4 Theophylline (50 mg/kg s.c.) + 6 218 4- 9.8 0.01 117.3 4- 7.2 

Formalin 10% (0.5 ml s.c./rat) 

0.02 
n , s .  

0.001 

Animals were injected with formalin or with theophylline by s.c. injection and killed 1 h after the injection of formalin or 2 h after the injec- 
tion of theophyUine. In the combined treatment theophylline was given s.c. 1 h before formalin. In the 'tibia test' 6-8 hypophysectomized 
assay animals per group were used. Values are means and standard errors, n.s., not significant. 
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deplet ion of p i tu i t a ry  GH (group 2 vs. 1). No changes 
of blood glucose were not iced af ter  admin is t ra t ion  of 
cyclic A M P  or theophyll ine,  or bo th  compounds  at  the  
doses used. The  second series of exper iments  are sum- 
marized in Table  I I .  The  admin is t ra t ion  of formal in  to 
normal  ra ts  did no t  elicit  a s ignif icant  deple t ion  of 
p i tu i t a ry  GH (group 2 vs. 1), bu t  was effect ive in this 
sense in animals  p re t rea ted  1 h before wi th  theophyl l ine  
(group 4 vs. I and 2). Blood glucose levels found in formal in  
or theophyl l ine  plus formal in  t rea ted  rats  were signifi- 
can t ly  higher  t han  controls.  

Discussion. Our results  confirm and ex tend  the  pre- 
vious observat ions  of SCHOFIELD 2. In  fact  the  intra-  
vent r icu lar  admin is t ra t ion  of theophyl l ine,  which through 
inhibi t ion of phosphodies terase  p resumably  enhances  
endogenous levels of 3', 5 ' -AMP, brings about  a clear 
GH release. On considering this  result,  the  lack of effect 
of the  in t raven t r i cu la r  in jec t ion  of 3', Y-AMP appears  
surprising bu t  is p robab ly  due to the  low en t ry  into 
cells of the  nucleot ide ~, even if by  using the  d ibu ty ra t e  
de r iva t ive  a greater  ra te  of en t ry  into ceils would be 
expected  8. To al low the  appearance  of an effect  sustained 
by  the  low amoun t s  of 3', 5 ' -AMP able to pene t ra te  in to  
ceils, a con tempora ry  inhibi t ion of phosphodies terase  
seems to  be required.  This  is suggested by  the  observa t ion  
t h a t  theophyl l ine,  a l though ineffect ive in releasing GH 
when given by  s.c. inject ion,  favours  the  appearance  of 
a GH-releas ing effect in animals  t rea ted  in t ravent r icu la r ly  
wi th  3', Y-AMP. I t  is re levant  to this po in t  t h a t  GAGLIAR- 
DINO and MARTIN 7 observed a sharp rise in the  c i rcula t -  
ing levels of G H  in monkeys  t rea ted  i.v. wi th  3', 5 ' -AMP 
alone. Recen t ly  LEVlNE s has demons t ra ted  in the  human  
clearcut  increase of p lasma levels of G H  af ter  perfusion 
w i t h  d ibu tyr i l  3', 5 ' -AMP. These d a t a  f i t  in well  w i th  
our results in the  ra t  and in addi t ion  poin t  to differences 
among  species w i th  respect  to the  abi l i ty  of 3', 5 ' -AMP 
to pene t ra te  cell membranes  s. The  act ion of theophyl -  
l ine in the  processes of GH release depends upon the  
abi l i ty  of this  xan th ine  to inhibi t  the  cyclic nucleot ide 
phosphodiesterase  t h a t  hydrol izes  cyclic A M P  in the  
p i tu i t a ry  and/or  hypotha lamus .  I n  the  l ight  of the  results 
of VERNIKOS-DANELLIS and HARRIS 9, who have  shown 
t h a t  in v ivo  caffeine and theophyl l ine  marked ly  reduced 
the  phosphodies terase  ac t i v i t y  of t he  anter ior  p i tu i t a ry  
while being qui te  ineffect ive on the  enzyme ac t iv i ty  of 
the  hypo tha l amic  median  eminence;  and the  in v i t ro  

work  of SCHOFIELD2, it  would appear  t h a t  theophyl l ine  
g iven in t raven t r icu la r ly  releases GH,  since i t  is capable  
of reaching the  p i tu i t a ry  by  diffusion into  the  por ta l  
vessels. The observa t ion  t h a t  a stress ineffect ive  in 
releasing GH in the  rat,  such as formal in  adminis t ra t ion  4, 
induces this  effect when animals  are p re t rea ted  wi th  
theophyll ine,  is reminescent  of da t a  repor ted  by  VERNI- 
KOS-DANELLIS and HARRIS 9, who not iced tha t  p re t rea t -  
men t  of rats  wi th  theophyl l ine  resulted in a po ten t ia t ion  
of the  stress-induced secretion of ACTH.  Apparen t ly  the  
level  of 3', 5-AMP in the  p i tu i t a ry  media tes  the  secret ion 
of the  gland in response to impulses conveyed  by  different  
nervous  pa thways .  

Riassunto. I1 3', 5 ' -AMP d ibu t i r ra to  (5 tzg) in ie t ta to  nel 
ventr icolo la terale  del cervello di ra t to ,  p rovoca  una  spic- 
cata  l iberazione de l l 'o rmone somato t ropo  sol tanto in 
animal i  p r e t r a t t a t i  con teofil l ina (50 mg /kg  s.c.). La  teo- 
fillina per  v ia  s.c. (50 mg/kg) si d imos t ra  ina t t iva ,  ma  
l ibera ormone  somato t ropo  quando ~ in ie t t a t a  pe r  v ia  
endoventr icolare  (5 txg). Uno  s t imolo usua lmente  inca- 
pace di l iberare somato t ropo  (formalina) p rovoca  deple- 
zione de l l 'o rmone dal l ' ipofis i  in ra t t i  p r e t r a t t a t i  s.c. con 
teofillJna. I r isul tat i  sono in favore  di una  par tec ipaz ione  
del 3', 5-AMP nel meccanismo di l iberazione di o rmone  
somatot ropo.  
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Light  depr iva t ion  f rom adul t  female hamsters  (Meso- 
cricetus auratus) ei ther  by  exposure to darkness or by  
bl inding leads to gonadal  a t rophy  wi th in  8 weeks;  the  
gonadal  inh ib i tory  effects of darkness are p reven ted  if 
the  pineal  gland is r emoved  2,a. The  pineal  gland, or 
epiphysis  cerebri,  in the  hams te r  lies jus t  benea th  the  
confluence of sinuses be tween  the  cerebral  hemispheres  
and is a t t ached  to t he  ep i tha lamus  by  a tenuous  stalk.  
To tes t  the  effect of the  absence of l ight  on the  neuro-  
endocrine axis of female  hamsters  bl inded before pube r ty  
the  following exper iment  was performed.  

Materials and methods. Growth  of t he  endocrine and 
reproduc t ive  organs were compared  in the  fol lowing 
groups of hamsters :  (1) normal ;  (2) bl inded and sham-  
p inea lec tomized;  (3) bl inded and pinealectomized.  An- 
es thet ized animals  were opera ted  on using techniques  

previous ly  established 4,5. Since the  pineal  gland lies 
direct ly  under  the  confluence of sinuses i t  can be ext ir-  
pa ted  easily af ter  removing  a circular piece of bone over-  
lying the  area 4. Animals  were main ta ined  under  control led 
t empera tu re  (24 4- 2 ~ and l ight ing (14 h l ight  per  24 h 
period) conditions.  8-10 hamsters  f rom each of the  3 
groups were killed at  25 day  intervals  af ter  the  operat ions  
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