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Alpha  A d r e n e r g i c  Contro l  of  G r o w t h  H o r m o n e  in Adul t  Male  Rats  

W. Ruc~I, A. L. J~TON, B. t3UCHER, P. ~/[ARBACI-I a n d  W. DOEPFNER 

Biological and Medical Research Division, Sandoz Ltd., CH-dO02 Basel (Switzerland), 16 December 7975. 

Summary .  I n t r a v e n o u s  in j ec t ion  of 0.1 m g / k g  c lonidine  in to  r a t s  u n d e r  u r e t h a n e  a n a e s t h e s i a  i nduced  a p r o m p t  a n d  
long- las t ing  release of g r o w t h  ho rmone ,  e s t i m a t e d  .by r a d i o i m m u n o a s s a y  ( IRGH) ,  wh ich  could be  abol i shed  b y  0.2 
m g / k g  p h e n t o l a m i n e  g iven  in to  t he  3rd vent r ic le .  I n j e c t i o n  of 3 ~g/kg  c lonidine  in to  t he  3rd ven t r i c l e  s t i m u l a t e d  also 
the  release of I R G H  s igni f icant ly .  I n t r a v e n o u s  a d m i n i s t r a t i o n  of 0.32 m g / k g  p h e n y l e p h r i n e  c a u s e d  a smal l  a n d  t r a n -  
s ien t  release of I R G H  only.  These  resu l t s  p rov ide  ev idence  t h a t  cen t r a l  a -adrenerg ic  s t i m u l a t i o n  re su l t ing  in an  increased  
G H  secre t ion  is one i m p o r t a n t  m e c h a n i s m  in t h e  r egu la t i on  of th i s  h o r m o n e  in t he  ra t .  

I t  is well  e s t ab l i shed  t h a t  m o n a m i n e s  p a r t i c i p a t e  in  t he  
h y p o t h a l a m i c  con t ro l  of g r o w t h  h o r m o n e  (GH) secre t ion  
in m a n  (BLACKARD a n d  HEIDINGSFELDER 1, BOVD et  at.% 
SMYTHE a n d  LAZAI~US a, LAL e t  al.4), b a b o o n s  (GALE a n d  
TOIVOLA ~, TOIVOLA a n d  GAL~6), rhesus  m o n k e y s  (JACOBY 
et  al. 7, BROWN a n d  CHAMBERS s), dogs (GANONG et  al. 9) a n d  
r a t s  (MOLLER et  al.~~ COLLU et  al. ~5, KATO et  a1.16). 

M/2LLER et  al. ~~ ~x, us ing  t he  t ib i a l  p l a t e  b ioa s say  for 
G H  d e t e r m i n a t i o n ,  d e m o n s t r a t e d  t h a t  d rugs  w h i c h  
in te r fe re  w i t h  cen t r a l  ad renerg ic  m e c h a n i s m s  can  b lock  
insu l in - induced  release of G H  in t he  ra t .  A d m i n i s t r a t i o n  
of n o r e p i n e p h r i n e  (NE) or d o p a m i n e  (DA) in to  t he  l a te ra l  
ce reb ra l  ven t r i c l e  of n o r m a l  a n d  h y p o p h y s e c t o m i z e d  
r a t s  was  followed b y  decreases  in  G H  levels in t h e  a n t e r i o r  
p i t u i t a r y  a n d  dep le t ion  of h y p o t h a l a m i c  G H  re leas ing  
fac to r  M/?LL~R et  al. x~, ~ 

l'-IControl 0.9%NaC[ i.v. 
DCIonidine 0.1 mg/kg i.v. 
QPhenylephrine 0.32 mg/kg i.v. 
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Fig. 1. Serum IRGH following i.v. administration of clonidine and 
phenylephrine. *p < 0.05; **p < 0.01; ***p < 0.001 vs control. 
Values represent mean ~z SElVf of 10 to 11 animals for each group. 

[ ]  Control 0.9%NaCl 
60 _1--1Clonidine 31Jg/kg i 

50 

4O 

30 
E 

.m 

o ~ m 
(.9 

0 
20 40 min 

Time 

Fig. 2. Effect of clonidine injected into the 3rd ventricle on serum 
IRGH. *p < 0.05; **p < 0.005 vs control. Values represent mean 

SEiVf of 18 to 20 animals for each group. 

Fol lowing  t he  i n t r o d u c t i o n  of r ad io immuno log i ca l  
m e t h o d s  for G H  d e t e r m i n a t i o n ,  d i sc repanc ies  were  found  
to  occur  b e t w e e n  resu l t s  o b t a i n e d  b y  b ioa s say  a n d  t h o s e  
o b t a i n e d  w i t h  r a d i o i m m u n o a s s a y .  COLLU et  al. 15 found  
t h a t ,  in  t h e  ra t ,  i n t r a v e n t r i c u l a r  a d m i n i s t r a t i o n  of D A  
induced  a decrease  in p l a s m a  i m m u n o r e a c t i v e  G H  ( IRGH) ,  
whereas  c en t r a l  i n j ec t ion  of N E  h a d  no  effect. 

La ter ,  KATO et  al. 16 r epo r t ed  increases  of p l a s m a  I R G t t  
in r a t s  a f t e r  sys t emic  a d m i n i s t r a t i o n  of p h e n t o l a m i n e  
a n d  c h l o r p r o m a z i n e  b u t  also a f t e r  t h e  s y m p a t h o m i m e t i c  
a g e n t  m e t h y l a m p h e t a m i n e .  IV[0LLER et  al. ~4 d e m o n s t r a t e d  
t h a t  a d m i n i s t r a t i o n  of F L A  63, a d o p a m i n e h y d r o x y l a s e  
i n h i b i t o r  as well  as L-dopa i n to  c~-methyl tyrosine 
t r e a t e d  r a t s  lowered p l a s m a  I1RGH. Th i s  led h i m  to  
p o s t u l a t e  t h a t  G H  secre t ion  is u n d e r  a dua l  amine rg ic  
con t ro l ;  an  a -adrenerg ic  c o m p o n e n t  wh ich  s t i m u l a t e s  a n d  
a dopamine rg i c  c o m p o n e n t  wh ich  i nh ib i t s  t he  secre t ion  
of GH.  

W e  h a v e  e x a m i n e d  t he  effects of c lonidine,  a c e n t r a l l y  
ac t ing  e - a d r e n o c e p t o r  s t i m u l a n t  d r u g  (ScI~MITT e t  al. 17) 
a n d  p h e n t o l a m i n e ,  a n  a - a d r e n o c e p t o r  b lock ing  agent ,  in  
o rder  to  c lar i fy  t he  role w h i c h  cen t r a l  e - ad renocep to r s  
p l a y  in  t h e  con t ro l  of G H  secre t ion  in  t h e  r a t .  

Material and methods. A d u l t  S p r a g u e - D a w l e y  ma le  
r a t s  (200-240 g) were used. The  an ima l s  were k e p t  u n d e r  
s t a n d a r d  condi t ions ,  i.e. 14 h l igh t  ( from 04.00 h -18 .00  h), 
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Effect of phentolamine injected into the 3rd ventricle on the clonidine 
induced IRGH release. 

Drugs or solvent IRGH ng/cm a 

Control (0.9% NaCI i.v.) 
Clonidine (0.1 mg/kg i.v.) 
Phentolamine into the 3rd ventricle (0.2 mg/kg) 
Phentolamine into the 3rd ventricle (0.2 mg/kg) 
+ clonidine (0.1 mg/kg i.v.) 

24.8 -4- 6.7 
58.0 ~2 12.7 �9 
17.1 • 2.6 

21.2 ~ 6.9 ~ 

�9 p < 0.05 vs. control; ' p  < 0.05 vs. clonidine: Phentolamine was 
given 10 min prior to the clonidine administration. Serum IRGH 
was determined 40 min after the clonidine administration. Values 
represent mean • SEM of 16 to 21 animals in each ~oup. 

24~ Food  was r emoved  on the  evening preced ing  the  
exper iment .  On the  day  of the  e x p e r i m e n t  the  animals  
were anes the t i zed  wi th  u r e thane  (1.35 g/kg i.p.); 45 min 
later,  t he  t e s t  subs tances  were in jec ted  in to  a jugular  
vein  in a vo lume of 0.2 cmS/100 g bodyweigh t .  

For  in ject ion in to  the  3rd ventr ic le ,  t he  anes the t i zed  
ra ts  were placed in a s te reo tax ic  appa ra tu s  2 rain before 
inject ion.  A small  hole, app rox ima te ly  1 m m  in d iamete r  
was dril led beh ind  the  b regma  and  a cannula  of 0.5 m m  
outer  d ianle ter  lowered into t he  3rd vent r ic le  a t  its 
junc t ion  wi th  the  la tera l  ventr ic les  using the  coordina tes  
of DE GROOT'S at las  ~. The drugs  or so lvent  were in jec ted  
in a volume of 10 ~1 using a microsyr inge.  10, 20, 40 and  
80 min a f te r  i.v. or in t r aven t r i cu la r  inj ections, the  animals  
were decap i t a t ed  and  serum samples  were collected for 
G t t  de te rmina t ion .  The serum was kep t  f rozen a t  --20 ~ 
unt i l  assayed.  Serum I R G I t  was  measured  in t r ip l ica te  
w i th  double  a n t i b o d y  r ad io immunoas say  using N I A M D  
R G H - R P - 1  as s t a n d a r d  1~. 

The following drugs were employed :  clonidine HC1, 
phen to l amine  IIC1 and  pheny lephr ine  HC1. D a t a  were 
eva lua ted  s ta t i s t ica l ly  w i th  S t u d e n t ' s  t-test.  

Resu l t s .  Figure  1 shows the  t ime  p a t t e r n  of I R G H  
release induced  by  0.1 mg/kg  elonidine. The release was 
immed ia t e  (10 min) and  long last ing.  P l a sma  levels were 
still s ignif icant ly  e leva ted  80 min  af ter  the  in ject ion 
(p < 0.01). I n t r a v e n o u s  in jec t ion  of 0.32 mg/kg  phenyl -  
ephr ine  (Figure 1) el ici ted only  a shor t  las t ing small  in- 
crease of se rum I R G H  10 min  af ter  its admin i s t r a t i o n  
(p < 0.05). 

Figure  2 d e m o n s t r a t e s  the  effect  of admin i s t r a t i on  of 
3 tzg/kg clonidine in to  the  3rd vent r ic le ;  20 and  40 min  
af ter  the  inject ion,  se rum I R G H  was s ignif icant ly  e leva ted  
(p < 0.05; p < 0.005 respect ively) .  

GI t  release induced by  0.1 mg/kg  i.v. clonidine, mea-  
sured  40 min  af ter  its admin i s t r a t i on  was comple te ly  
abol ished by  p r e t r e a t m e n t  w i th  0.2 mg/kg  p h e n t o l a m i n e  
in to  t he  3rd vent r ic le  10 rain pr ior  to  the  clonidine 
in jec t ion  (Table). 

D i s c u s s i o n .  Clonidine is a p o t e n t  ~-adrenoceptor  
s t imu lan t  bo th  in t he  cent ra l  ne rvous  sy s t em and  in 
t he  pe r iphe ry  (KoBINGtgR and  WALLAND 20, STRUYKER 
BOUDIER et  al.~). I t  has  been  shown t h a t  it  can  inf luence 
several  cent ra l ly  regula ted  au tonomic  funct ions ,  such as 
blood pressure  (KOBII~G~R and  WALLAND~0, b o d y  t em-  
pe ra tu re  (MASKREY et  al.~), food in take  (BROEKKAMP 
and  VA~ ROSSUM ~a) blood glucose (BOCK and  ZWlE~O~N ~) 
and  ACTH secret ion (GASrONa~). 

Our f indings clearly d e m o n s t r a t e  t h a t  clonidine s t imu-  
lates  the  release of I R G H .  This  effect  could be abol ished 
comple te ly  by  cent ra l  admin i s t r a t i on  of phen to lamine ,  
suggest ing t h a t  cen t ra l  c~-adrenoceptors are concerned  in 

I R G H  release (Table). F u r t h e r  s u p p o r t  for a cent ra l  
mechan i sm was p rov ided  by  the  fact  t h a t  I R G H  s t imula-  
t ion occurred in response  to  3 ~g/kg clonidine, when  
in jec ted  in to  the  3rd vent r ic le  (Figure 2), whereas  the  
same dose given sys temat ica l ly  elici ted a non-s igni f icant  
I R G I I  release only. 

I t  is unl ikely t h a t  clonidine s t imula tes  I R G H  secret ion 
by  o the r  mechanisms .  Stress s t imul i  such as insulin- 
induced  hypoglycemia ,  inha la t ion  of e the r  (ScHALCH and 
IREIC~LI~25), cold exposure  (EIs~NBERG et  al.~6), hist-  
amine  and  formal in  s t ress  (KATO et  al. ~) e i ther  lower or 
fail to inf luence p l a sma  I R G H .  

In our exper iments ,  pheny lephr ine ,  a select ive a- 
ad renocep to r  s t imu lan t  w i th  min imal  cen t ra l  effects 
(GooDMAN and  GILMA~ 27) induced  a smal l  and  shor t -  
las t ing release of I R G H ,  BIRGE e t  al. 2s d e m o n s t r a t e d  t h a t  
ne i ther  NE,  DA nor  pheny leph r ine  s igni f icant ly  inf luenced 
the  secret ion of I R G t I  of isolated pi tu i tar ies .  Since b o t h  
the  p i t u i t a ry  and  the  h y p o t h a l a m u s  are to a ce r ta in  
e x t e n t  pe rmeable  to  ca techo lamines  (AXELROD et al. 2~, 
WILSON et al.3~ it can be assumed t h a t  the  effect  of 
pheny leph r ine  was due to  an ac t ion  a t  the  level of the  
h y p o t h a l amu s .  

Our resul ts  are no t  in accordance  wi th  the  resul ts  of 
COLL,: et  al. ~5 who were unable  to d e m o n s t r a t e  any  
effect  of in t r aven t r i cu la r ly  admin i s t e red  N E  on p lasma  
I R G H  in rats .  One exp lana t ion  for th is  d i sc repancy  m i g h t  
be t h a t  i n t r aven t r i cu la r ly  in jec ted  N E  is metabo l ized  
before it reaches  its site of act ion.  

KATO et  al. ~6 repor ted  t h a t  sys temic  admin i s t r a t i on  of 
p h e n t o l a m i n e  caused a t r ans i en t  release of IIRGH in rats .  
In  these  exper iments ,  sys temic  admin i s t r a t i on  of a m p h e t -  
amine  in to  ra t s  also caused a release of I R G H  (J~ATO et  
a1.16). On the  o ther  hand ,  KOKKA et  al. 3~ d e m o n s t r a t e d  an 
inhib i t ion  of I R G H  release in response  to a m p h e t a m i n e .  

At  p resen t  i t  is diff icult  to  reconcile these  confl ic t ing 
results .  I t  is possible  t h a t  the  same drug  - depend ing  on 
the  dosage and  the  expe r imen ta l  p rocedure  - exer t s  
d i f ferent  effects on GH secretion.  Moreover,  i t  c an n o t  be 
excluded t h a t  the  same n e u r o t r a n s m i t t e r  or drug  m a y  have  
opposi te  effects  on the  release of GH if it  acts  a t  d i f ferent  
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sites within the central nervous system. Such a possibility 
is supported by the recent findings of HAL~ and SYMING- 
TON32 who studied the effects of DA on F S H  release by 
isolated pituitaries in the presence of whole hypothalami, 
when release was increased, while in the presence of 
median eminence tissue release was decreased. 

Tl~ere is considerable evidence that  central e-adreno- 
ceptor stimulation induces the release of I R G H  in higher 
species. In dogs, phentolamine, administered intraventric- 
ularly, abolished the release of I R G H  induced by the NE 
precursor L-dopa (GANONG 9). In conscious cats similar 
results were obtained with phenoxybenzamine but not 
with the dopamine receptor  blocking agent pimozide 
(Ru th  and GALE, unpublished observations). BROWN 
and CHAMBERS s reported tha t  systemic administration 
of clonidine and DL-threodops (the immediate precursor 
of NE) induced an increase of I R G H  in rhesus monkeys. 

TOIVOLA and GALE 6 demonstrated that  microinjection 
of NE into or in the vicinity of the ventromedial  nucleus 
of baboons induced a release of IRGH. 

In humans, I R G H  release following insulin hypo- 
glycemia was at tenuated by phentolamine (BLACKARD 
and HEIDINGSFELDER1). More recently, it was demon- 
strated that  clonidine increased I R G H  in human sub- 
jects (LAY et al.4). 

Our findings provide evidence that  c~-adrenergic 
stimulation is one important  mechanism in the regulation 
of GH secretion in the rat, as already postulated by 
M/JXLER et al. 14. I t  seems, therefore, tha t  the control of 
Gt{ secretion through an e-adrenergic mechanism in this 
species is probably similar to that  found in higher species, 
including primates. 

3~ D. H. HALE and R. ]3. SYMINGTON, S. Aft. rned. J. 46, 787 (1972). 

Chromatographic Conditions in the Expression of Corticosteroid Receptor Specificity 

M. K. AGARWAL 

Ins t i tu t  Na t iona l  de la Santd et de la Recherche Mddicale, Unitd 36, 17, rue du Fer  g Mou l in ,  F - 7 5 0 0 5  Par i s  (France), 
7 October 1975. 

Summary .  I t  is shown that  cytosol preparations bound with various concentrations of a steroid are necessary to 
reveal physicochemically distinct, heterogeneous and polymorphic receptors present in the hormone specific target 
organ, that  these cannot be fully appreciated in one-shot experiments at suboptimal steroids levels, and that  they 
escape detection by equilibrium binding and Scatchard analysis alone. 

The first step in the mechanism of corticosteroid hor- 
mone action is currently believed to consist of the binding 
of the steroid molecule with its appropriate intracellular 
receptor leading, thereafter, to timely, sequential and 
selective genetic modulation a. Contrary to the usual 
association-dissociation studies used to reveal the pres- 
ence of high affinity hormone-specific binding sites in the 
target tissue, in 1970 we pioneered partial purification 
of corticosterone binders in rat liver and demonstrated 
that  the receptor moieties exist subdivided into physico- 
chemically distinct subpopulations which, naturally, 
cannot be revealed by Scatchard analysis alone 2. More 
recently, these same techniques were adapted to revealing 
a mineralocorticoid (aldosterone) specific receptor present 
only in the target tissue kidney, and absent from the 
liver 3. In the present report we describe the saturation 
characteristics and chromatographic beh-aviour of these 

latter in comparison with the glucocorticoid receptors 
that  appear to be identical in most tissues studied. We 
chose to employ DE-52 gels for this purpose since they 
appear to be ideally suited as compared to a number of 
other chromatographic procedures tested ~. 

Mater ia l  and method. Male, Wistar rats (150-200 g) 
were bilaterally adrenalectomized 2-3 days prior to 
sacrifice by exsanguination under light ether anaesthesia. 
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Fig. 1. Dose dependant separation of aldosterone binding proteins in rat kidney. 
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