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St imula t ion  of Growth  H o r m o n e  Secret ion Fo l lowing  T w o  Success ive  Intracarot id  Injections of Sta lk  
Median E m i n e n c e  Extract  in Urethane  Anes thes i zed  Rats  I 

The  ev idence  in f a v o u r  of t he  ex is tence  in t h e  hypo-  
t h a l a m u s  of a g r o w t h  h o r m o n e  re leas ing  fac tor  ( G H - RF)  
has  been  g a t h e r e d  in d i f fe ren t  species of an imals ,  and  
biological  and  r ad io im m uno l og i ca l  p rocedures  h a v e  been  
used for e v a l u a t i n g  t h e  effects of such  a pr inc ip le  on  t he  
release of G H  in v i t ro  and  in v ivo  2 7. I n  v ivo  s tud ies  
pe r fo rmed  in p r i m a t e s  w i t h  r ad io immuno log i ca l  m e t h o d s  
h a v e  conf i rmed  t he  p r o p e r t y  of G H - R F  to  release G H  in to  
t he  c i r cu la t ionL  Th i s  p r o p e r t y  was f i rs t  h y p o t h e s i z e d  b y  
a u t h o r s  who, us ing  rats ,  h a v e  found  a dep le t ion  of p i tu -  
i t a r y  b ioas sayab le  G H  af te r  a d m i n i s t r a t i o n  of s t a lk  
m e d i a n  eminence  (SME) ex t r ac t s  ~, 5. D i s t u r b i n g l y  enough,  
however ,  no  c o n s i s t e n t  resu l t s  h a v e  been  o b t a i n e d  w h e n  
G H - R F  c o n t a i n i n g  p r e p a r a t i o n s  were t e s t ed  in v ivo  in 
r a t s  w i t h  t he  he lp  of r ad i o i m m uno l og i ca l  m e t h o d s  7-9. 
H a v i n g  r ecen t ly  found  t h a t  adu l t  ma le  r a t s  anes thes i zed  
w i t h  u r e t h a n e  r ep re sen t  an  e x t r e m e l y  well  su i ted  p repa -  
r a t i o n  for t he  s t u d y  of G H  secre t ion  in t h i s  species, us ing  
r a d i o i m m u n o l o g i c a l  p rocedures  1~ we h a v e  used  th i s  
t y p e  of a n i m a l  p r e p a r a t i o n  to s t u d y  t h e  effect  of in t r a -  
ca ro t id  in jec t ions  of SME ext rac t s .  These  ex t r ac t s  h a v e  
been  r e p e a t e d l y  shown  to  deple te  p i t u i t a r y  s tores  of 
b ioas sayab le  G H  a f t e r  in j ec t ion  in to  t he  ca ro t id  a r t e r y  ~. 

Mater ia ls  and methods. A d u l t  Sp rague -Dawley  male  
ra ts ,  250-300 g b o d y  weight ,  were anes thes i zed  w i t h  
u r e t h a n e  (1500 mg/kg ,  i.p.) a r o u n d  09.00 h. A p o l y e t h y l e n e  
c a t h e t e r  was  t h r e a t e d  in to  t he  j ugu la r  vein,  and  a n o t h e r  
one in t h e  lef t  ca ro t id  a r te ry .  T he  an i m a l s  were t h e n  
a l lowed to  sleep u n d i s t u r b e d  and  u n r e s t r a i n e d  for 2 h. 
H e p a r i n e  (1.0 mg/0 .5  ml) was t h e n  in j ec t ed  a n d  a f i rs t  
base- l ine  b lood  sample  col lected f rom t he  jugu la r  ve in  
( ind ica ted  on  t h e  t a b l e  as -10'  value) .  A 0.75 e q u i v a l e n t  
of SME ex t rac t ,  o b t a i n e d  f rom coeva l  ma le  r a t s  and  
p r e p a r e d  as p rev ious ly  descr ibed  4, was  in jec ted  in to  t he  
ca ro t id  a r t e r y  10 m i n  a f te r  t he  f i rs t  s ample  was col lected 
(0' t ime) .  A b lood  sample  was col lected 10 m i n  l a t e r  
(10' value) .  The  an i m a l s  were t h e n  a l lowed to  sleep 
u n d i s t u r b e d  f o r  a n  a d d i t i o n a l  hour ,  a n d  a second base-  
l ine  b lood sample  was t h e n  w i t h d r a w n  (second - 10' value) .  
A second i n t r a c a r o t i d  in j ec t ion  of a 0.75 e q u i v a l e n t  of t he  
same  SME e x t r a c t  used for the  f i rs t  i n j ec t ion  was g iven  
10 m i n  l a t e r  (second 0' t ime) ,  a n d  a b lood  sample  col lected 
a f t e r  an  a d d i t i o n a l  10 m i n  per iod  (second 10' value) .  R a t  
No. 76 received,  in  t h e  same fashion,  2 successive in jec t ions  
of a ce rebra l  cor tex  (CC) e x t r a c t  o b t a i n e d  f rom t h e  same  
a n i m a l s  f rom wh ich  t he  SME e x t r a c t  in j ec ted  to r a t s  
No. 72 a n d  73 was ob ta ined .  The  CC e x t r a c t  in j ec ted  was 
e q u i v a l e n t  in  we igh t  to  t he  0.75 SME e x t r a c t  and  was 
t r e a t e d  in t he  same  way.  R a t  No. 70 rece ived  2 successive 
in jec t ions  of 30 m U  of vasopress in  (P i t ress in  | Pa rke -  
Davis) .  E a c h  b lood sample  (0.5 ml) was  replaced  w i t h  t he  
same  a m o u n t  of sal ine (0.9%). Blood samples  were cen- 
t r i fuged  a t  4 ~ t h e  p l a s m a  was s epa ra t ed  and  G H  mea-  
sured  w i t h  t he  double  a n t i b o d y  r a d i o i m m u n o a s s a y  m e t h o d  
of SCHALCH a n d  t~EICHLIN 11. 

Resul ts  and discussions.  The  resu l t s  are shown  in t he  
Table .  I n  all  r a t s  t r e a t e d  w i t h  SME, t he  f i rs t  i n j ec t ion  
d id  n o t  b r ing  a n y  s ign i f i can t  increase  of p l a s m a  GH.  B u t  
when ,  1 h later ,  a second in jec t ion  of t he  same e x t r a c t  
was  prac t iced ,  a qu i te  r e m a r k a b l e  increase  in p l a s m a  G H  
was obse rved  in all  an imals .  The  a m o u n t  of G H  found  to  
be  p r e sen t  in  t h e  0.75 e q u i v a l e n t  of SME e x t r a c t  ( abou t  
8 ng) is c e r t a in ly  too  low to exp la in  t he  rise of p l a s m a  G H  
obse rved  a f te r  t h e  second i n t r a c a r o t i d  in jec t ion .  Two 
successive in jec t ions  of a CC ex t rac t ,  or of a n  a m o u n t  of 
vasopres s in  e q u i v a l e n t  to  t h a t  k n o w n  to  be  p re sen t  in  a 
SMEI~, d id  no t  mod i fy  p l a s m a  GH.  

One poss ible  i n t e r p r e t a t i o n  for t h e  fac t  t h a t  on ly  t he  
second of two successive in jec t ions  of a SME crude  e x t r a c t  
was  able  to  s t i m u l a t e  t he  release of r a d i o i m m u n o a s s a y a b l e  
G H  in our  a n i m a l s  m i g h t  be  based  on t he  a s s u m p t i o n  
t h a t  2 pools of G H  coexis t  in r a t  p i tu i ta r ies .  A s torage  
pool  (S-GH), w h i c h  would  c o n s t i t u t e  t he  99.9% of t h e  
whole  p i t u i t a r y  GH,  would  be  in t he  form of a pro-  
hormone ,  i m m u n o a s s a y a b l e  b u t  devo id  of biological  
ac t iv i ty ,  and  t h u s  no t  b i o a s s a y a b l e ;  th i s  pool  would  no t  
be  read i ly  re leasab le  b y  G H - R F .  A smal l  f r ac t ion  of r a t  
p i t u i t a r y  G H  (a round  0 .1%) would  be  t he  re leasable  pool  
(R-GH),  b io logica l ly  ac t ive  and,  t h u s  b ioassayable ,  b u t  
also i m m u n o a s s a y a b l e .  The  R - G H  would  be  r ead i ly  
re leasable  b y  G H - R F ,  a n d  t h u s  r ap id ly  a n d  of ten  deple ted  
b y  m a n y  fac tors  (stress, cold, hypog lycemia ,  etc.), b u t  
a t  t he  same t i m e  c o n s t a n t l y  a n d  s lowly re fo rmed  f rom 
the  S-GH, u n d e r  t he  in f luence  of G H - R F  or of a h y p o t h e -  
t ica l  G H - s y n t h e s i z i n g  fac to r  (GH-SF) .  W h e n  a f i rs t  
i n j ec t ion  of a SME e x t r a c t  is given,  i t  would i m m e d i a t e l y  
deple te  t he  R - G H  t h u s  i nduc ing  a m e a s u r a b l e  decrease  of 
b ioas sayab le  G H ;  however ,  t he  a m o u n t  deple ted ,  a n d  
t h a t  re leased in the  blood, would be  too  smal l  to  be  
easi ly de t ec t ed  b y  a r a d i o i m m u n o a s s a y  (assuming  a t o t a l  
p i t u i t a r y  c o n t e n t  of 500 vg of r a d i o i m m u n o a s s a y a b l e  
G H  for a r a t  of 300 g b o d y  wt. ,  a dep le t ion  of 50% of 
t he  re leasable  pool  would induce  a decrease  of on ly  250 ng, 
a n d  a n  increase  in t he  c i rcula t ion ,  10 m i n  later ,  of on ly  
a b o u t  5 ng/ml) .  The  f i rs t  i n j ec t ion  of SME e x t r a c t  would  
also induce,  a t  t he  same  t ime,  a n  increased  t r ans fo r -  
m a r i o n  of S -GH in to  R-GH,  which ,  1 h later ,  would  be  
larger  t h a n  before  the  in jec t ion ,  due  to  a c o m p e n s a t o r y  
effect. A second in j ec t ion  of t he  SME ex t rac t ,  g iven  a t  
th i s  t ime,  would  t h e n  induce  an  increase  of c i r cu la t ing  
G H  which  could easi ly be de t ec t ed  b y  a r a d i o i m m u n o a s s a y  
(if t he  R - G H  pool  increases  to  0 .4%, in the  example  
g iven  above ,  t h e  p l a s m a  G H  could increase  b y  a b o u t  
20 ng/ml)  (Figure  A, B, C, D). I t  is also possible  t h a t  
p a r t  of t h i s  increase  is due  to  t he  passage  in to  c i rcu la t ion  
of a ce r t a in  a m o u n t  of i m m u n o a s s a y a b l e  p ro -hormone .  
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Plasma growth hormone (GH) in urethanc anesthesized d ~ rats after intracarotid injections of stalk-nledian eminence (SME) extract, cerebral 
cortex (CC) extract, or vasopressin 

GH (ng/ml) 
Groups Rat No. First Injection~ Second Injection ~ 

- -10'  10' - -10'  10' 

49 7.0 8.0 5.9 52.0 
65 7.6 7.0 5.6 20.0 

SME 0.75 equiv./0.2 ml 72 b 14.2 13.5 9.0 30.0 
73 b 12.5 17.0 13.0 32.0 

CC 0.75 equiv./0.2 ml 76 b 12.4 13.0 12.4 17.0 
Vasopressin 30 mU]0.2 ml 70 13.0 10.0 9.8 9.8 

The first injection was given 2 h after the beginning of the anesthesia, the second injection 1 h after the first injection. Both injections were 
given at 0'. b SME and CC extracts were obtained from the same animals 

GH"RF 
(~.-sF) 

I: 

GH - R F  

('GH'SF) 

Schematic representation of a rat anterior pituitary and of a pituitary 
vein. A) Pituitary GH is represented in the form of a storage pool 
(S-GH), the most abundant (99.9%), and a releasable pool (R-GH), 
the least abundant (0.1%). Both pools would be measurable by a ra- 
dioimmunoassay, but a bioassay would detect only the R-GH. Pro- 
portions are not respected in the figures. 

B) Under the influence of GH-RF, contained in a first injection of a 
SME extract, half the R-GH is immediatedly released in the circula- 
tion, thus halving the pituitary content of bioassayable GH, but 
leaving practically unchanged the total content of immunoassayable 
GH. The amount of GH liberated in the blood would be too small to 
be easily detected by a radioimmunoassay. 

C) Under the influence of the same GH-RF, or of a hypothetical GH- 
SF, the R-GH is slowly reformed, possibly from a pro-hormone 
existing in the storage pool. By a compensatory mechanism, the new 
pool of R-GH would be larger than before the injection (0.4% of total 
pituitary GH). 

D) The GH-RF contained in a second injection of a SME extract, 
given 1 h after the first one, halving again the R-GH pool, would 
release in the circulation an amount of GH, easily detectable, this 
time, by a radioimmunoassay. 

I n t e r e s t i n g l y  e nough ,  SPITZ e t  a1.18 h a v e  v e r y  r e c e n t l y  
f o u n d  t h a t  a s ingle  i n t r a v e n o u s  pu l s e  in jec t ion  of a rg in ine  
is i n c a p a b l e  of  s t i m u l a t i n g  t h e  re lease  of h u m a n  GH,  
whi le  a s ec ond  in j ec t ion  g iven  20 m i n  l a t e r  is h i g h l y  
effect ive.  D a t a  o b t a i n e d  w i t h  t h e  e lec t ron  m i c r o s c o p e  14, 15 
s eem also to  f a v o r  t h e  h y p o t h e s i s  t h a t  in jec t ions  of 
h y p o t h a l a m i c  e x t r a c t s  i nduce  n o t  on ly  the  release,  b u t  also 
t h e  r e s y n t h e s i s  of G H  f r o m  a b io log ica l ly  inac t ive  p r e cu r -  
sor  a n d  t h a t  u n d e r  c e r t a i n  c i r c u m s t a n c e s  t he  r e s y n t h e s i s  
can  be  m o r e  p r o n o u n c e d  t h a n  t h e  re lease  15. T w o  o r  m o r e  
success ive  in jec t ions  of  a h y p o t h a l a m i c  e x t r a c t  h a v e  
also b e e n  a d m i n i s t e r e d  b y  o t h e r  a u t h o r s  in o r d e r  to  
s t u d y  t h e  ef fec ts  on  t h e  sec re t ion  of r a t  fo l l i c l e - s t imula t ing  
h o r m o n e  ( F S H )  or  l u t e in i z ing  h o r m o n e  (LH).  I t  is 
i n t e r e s t i n g  to  not ice  t h a t  p l a s m a  L H  levels were  inc reased  
b y  e v e r y  i n j ec t i on  16, a n d  t h a t  p i t u i t a r y  F S H  s to res  were  
dep le t ed  o n l y  b y  t h e  f i r s t  in jec t ion ,  whi le  t he  second  
induced ,  on  t h e  c o n t r a r y ,  a n  increase  lL These  r e su l t s  
ind ica te  t h e  ex i s t ence  of  s o m e  d i f fe rences  in t h e  con t r o l  
of s y n t h e s i s  a n d  re lease  of t h e  t w o  g o n a d o t r o p i n s  a n d  of 
GH.  

Rdsumd. R a t s  m a l e s  adu l tes ,  anes th6s i6s  avec  l 'ur6-  
t h a n e ,  r e ~ u r e n t  d e u x  i n j ec t i ons  i n t r a c a r o t i d i e n n e s  succes-  
s i r e s  d ' u n  e x t r a i t  d ' ~ m i n e n c e  m 6 d i a n e  de ra t ,  s6par6es  p a r  
u n  i n t e r v a l  de t e m p s  d ' u n e  heure .  S e u l e m e n t  ap r6s  la 
seconde  in j ec t i on  on  o b s e r v a  une  Caugmenta t ion  h a u t e -  
m e n t  s ign i f i ca t ive  de la q u a n t i t 6  c i r cu lan te  d ' h o r m o n e  
s o m a t o t r o p e .  
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