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A C o r r e l a t i o n  of  R e l e a s e  of  P o l y p e p t i d e  H o r m o n e s  a n d  of  I m m u n o r e a c t i v e  N e u r o p h y s i n  f r o m  

I s o l a t e d  R a t  N e u r o h y p o p h y s e s  

Tile nature of the cellular mechanisms involved in the 
release of polypeptide hormones from the neurohypophysis 
following the influx of calcium into the depolarized nerve 
endings x has not yet been fully characterized. Some 
investigators * have suggested tha t  secretion occurs from 
an extragranular pool; on the other hand, ]DOUGLAS et 
al. ~,* have proposed tha t  release may occur by exocytosis 
(reverse pinocytosis, emiocytosis), and have recently 
published electron micrographs tha t  show images consist- 
ent with exocytosis in ra t  and hamster neurohypo- 
physes*. They have suggested tha t  a critical test to 
differentiate between the 2 hypotheses would be to 
determine whether neurophysins are released with the 
polypeptide hormones upon stimulation. 

Neurophysins are sulfur-rich proteins, whose subcellular 
distribution is similar to tha t  of oxytocin and vaso- 
pressin ~,~. They represent as much as 50% of the soluble 
proteins found in the neurosecretory granules ~. Thus 
release of such proteins in response to the same stimuli 
inducing polypeptide hormone release would be more 
consistent with the exocytosis hypothesis. 

"With the advent  of a specific and sensitive radio- 
immunoassay for neurophysins ~-', it has been demon- 
strated that  plasma neurophysin levels rise in conditions 
presumed to be associated with increased secretion, of 
neurohypophysial hormones in man ~ and in experimental  
animals ~°. The present s tudy has employed an in vitro 
preparation allowing for determination of polypeptide 
hormone and neurophysin release. 

The neurohypophysis was isolated from each of 54 rats 
(200-300 g body wt.) which had free access to water and 
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Fig. 1. Relation between stiululation intensi ty and output  from iso- 
lated rat  neurobyphyses. The points show hormone (A) and neuro- 
physin (B) output  in 10 rain period of incubation following a 30 sec 
train of electrical stimuli (50 Hz, 2 msec) applied to the pi tu i tary  stalk 
at  the indicated intensity.  Points are mean 4- S.E.M. of 4-6 respon- 
ses obtained in separate experiments, each on a different neurohypo- 
physis. 
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Fig. 2. Relation between hormone and neurophysin output  following 
electrical st imulation of isolated neurohypophyses. Data are from 72 
incubation periods in 54 single neurohypophyses. The neurophysin 
output  (ng/giand/10 min) during each incubation is plotted along the 
abscissa, the hormone output  (mU oxytocin/gland/10 man) along the 
ordinate. Regression lines have been drawn for x = /(y), and y = ](x). 

food to the t ime of decapitation. The cut  end of the 
pi tui tary stalk was tied to a platinum wire and inlmersed 
in 2.0 ml of Locke's solution in a test tube continuously 
gassed with 95% O2 - 5% COy After a 10 min preincuba- 
tion period, the preparation was transferred into a solution 
in which 154 m M  NaC1 had been replaced by an equimolar 
amount  of choline chloride, since it  has been demonstrated 
tha t  release of neurohypophysial hormones is potentiated 
in sodium-deficient media *,ix. Secretion was evoked by 
electrical stimuli (30 sec train, 2 msec bipolar pulses, 
0.25 to 10.0 mA, 50 Hz) applied as described elsewhere 1~, 
and was followed by a 10 rain incubation period. The 
milk-ejection act ivi ty  of this incubation medium was 
determined in a rat bioassay x3, in which lysine-vasopressin 
was approximately 4 times less potent  than oxytocin; no 
a t tempt  was made to differentiate between" the two 
hormones, and results are expressed in international units 
(U) of oxytocin. The neurophysin content of the same 
incubation media was determined in triplicate by radio- 
immunoassayT, s. 
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F igu re  1 shows t h a t  t h e  mi lk -e j ec t ion  a c t i v i t y  a n d  t he  
n e u r o p h y s i n  c o n t e n t  of t h e  i n c u b a t i o n  m e d i a  fol lowing 
e lect r ica l  s t i m u l a t i o n  a re  r e l a t ed  to  s t i m u l a t i o n  in t ens i ty ,  
t h e  2 cu rves  be ing  S-shaped .  I n  F igu re  2, resu l t s  f rom each  
i n d i v i d u a l  i n c u b a t i o n  h a v e  been  p l o t t e d  acco rd ing  to i t s  
n e u r o p h y s i n  (abscissa) a n d  h o r m o n e  (ord ina te)  con ten t .  
T h e  2 regress ion  l ines (x = - 1 4 . 6  + 0.79y, a n d :  y = 
21.4 + 1.14x) h a v e  been  c o m p u t e d ;  t h e i r  co r re l a t ion  
coeff ic ient  is equa l  to  0.95. T h e  fac t  t h a t  t h e  i n t e r c e p t  is 
d i f f e r e n t  f rom zero is n o t  u n c o m m o n  w h e n  biological  a n d  
i m m u n o r e a c t i v e  po tenc ie s  of s u b s t a n c e s  are  d e t e r m i n e d ,  
a n d  m a y  also d e p e n d  o n  t h e  d i f f e ren t  sens i t iv i t i es  of t h e  
2 assays .  

S tud ie s  on  t h e  b i n d i n g  of t h e  p o l y p e p t i d e  h o r m o n e s  to  
neu rophys ins~ ,  5 h a v e  led to  t h e  sugges t ion  t h a t  neuro -  
p h y s i n s  a re  i n v o l v e d  in  t h e  i n t r a c e l l u l a r  s to rage  a n d  
t r a n s p o r t  of t h e  h o r m o n e s ;  t h e i r  f a t e  d u r i n g  t h e  sec re to ry  
process  h a s  h o w e v e r  long  r e m a i n e d  obscure .  T h e  p r e s e n t  
s t u d y  i n d i c a t e s  t h a t  n e u r o p h y s i n s  a n d  p o l y p e p t i d e  
h o r m o n e s  a re  re leased  in  a f ixed  r a t i o  f r o m  i so la ted  r a t  
n e u r o h y p o p h y s e s  ove r  a t  l eas t  a 10-fold r a n g e  of h o r m o n e  
output.  UTTENTHAL e t  al.  ~4 h a v e  r e c e n t l y  s h o w n  t h a t  
i so la ted  porc ine  n e u r o h y p o p h y s e s  l i be ra t e  lys ine-vaso-  
p re s s in  a n d  n e u r o p h y s i n  w h e n  exposed  to  so lu t ions  
c o n t a i n i n g  a h i g h  KC1 c o n c e n t r a t i o n .  These  resu l t s  sugges t  
t h a t  t h e  d e t e r m i n a t i o n  of p l a s m a  n e u r o p h y s i n  levels  could  
se rve  as  a c l in ical ly  useful  i ndex  of  t h e  sec re to ry  a c t i v i t y  
of t h e  n e u r o h y p o p h y s i s ,  s ince  t h e  a s say  of t h e  v e r y  s m a l l  
q u a n t i t i e s  of p o l y p e p t i d e  h o r m o n e s  in  b lood  poses  impor -  
t a n t  t e chn i ca l  p rob lems .  I t  r e m a i n s  to  be  s h o w n  h o w e v e r  

t h a t  t he  r a t io  is a lways  f ixed w i t h  d i f f e ren t  e x p e r i m e n t a l  
cond i t ions ,  a n d  w h e t h e r  i t  ref lects  t h e  r a t i o  found  in the  
n e u r o s e c r e t o r y  granulesaL 

Rdsumd. L a  s t i m u l a t i o n  ~lec t r ique  de n e u r o h y p o p h y s e s  
de  r a t  in  v i t r o  p r o v o q u e  la  l ib6ra t ion  c o n j o i n t e  d ' h o r -  
m o n e s  e t  de  n e u r o p h y s i n e .  Ce t te  o b s e r v a t i o n  sugg~re 
que  la  secr6 t ion  n e u r o h o r m o n a l e  imp l ique  l ' ex t ru s ion  du  
c o n t e n u  des g ranu les  neurosecr6to i res .  
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Subcellular Distribution o f  ~2p L a b e l l e d  Phospholipids: Stimulation by T h y t r o p a r  a n d  L o n g  Acting 
Thyroid Stimulator 

T h y t r o p a x  (TSH) el ici ts  n u m e r o u s  b i o c h e m i c a l  re- 
sponses  in  i t s  t a r g e t  t i s sue - thyro id ,  b o t h  in v i v o  a n d  in 
v i t r o  ~, 2. I nc r ea sed  i n c o r p o r a t i o n  of 32Pi i n to  t he  p h o s p h o -  
l ip ids  of t h y r o i d  is one  of t he  ear l ies t  effects  of T S H S - L  
Long  ac t ing  t h y r o i d  s t i m u l a t o r  (LATS) p r e s e n t  in  t h e  
s e r u m  of p a t i e n t s  suffere ing  w i t h  Graves '  disease h a s  also 
b e e n  s h o w n  to  m i m i c  t h e  a c t i o n  of T S H  on t h y r o i d a l  
p h o s p h o l i p i d  m e t a b o l i s m  8, 9. 

Subce l lu la r  d i s t r i b u t i o n  of 32P-labelled p h o s p h o l i p i d s  
in  con t ro l  a n d  T S H - s t i m u l a t e d  t h y r o i d s  ha s  b e e n  s t ud i ed  
b y  KOGL a n d  VAN DEENEN x0 a n d  KERKOF a n d  TATA ll. I n  
t h e  p r e s e n t  s tud ies  subce l lu l a r  f r a c t i o n a t i o n  a n d  locatisa-  
t i o n  of t he  r a d i o a c t i v i t y  in  t h e  T S H  a n d  L A T S  s t i m u l a t e d  
t h y r o i d s  h a v e  b e e n  a t t e m p t e d  w i t h  a v iew to  ana lyze  
t h e  d i s t r i b u t o r y  p a t t e r n  of t h e  ~2P-labelled p h o s p h o l i p i d s  
in  t he se  organel les .  

Materials and methods. T h y t r o p a r  (TSH) was  a generous  
g i f t  of A r m o u r  P h a r m a c e u t i c a l  C o m p a n y ,  Chicago.  L A T S  
was  g i f t  of MRC,  London .  N a 2 H ~ P O 4  was  t h e  p r o d u c t  of 
I so tope  Divis ion,  B A R e ,  Ind ia .  

B o v i n e  t h y r o i d s  f rom f resh ly  s l augh t e r ed  a n i m a l s  were 
sl iced (100-150 m g  bi t s )  a n d  5 g of b o v i n e  t h y r o i d  slices 
(pooled slices f rom a t  l eas t  6 t hy ro id s )  were  i n c u b a t e d  in 
150 m l  Tris-Ct buf fe r  (pH 7.4; 50 m M )  c o n t a i n i n g  NaC1 
131 r a M ;  KC1 5 m]l,I, MgSO4 1.2 r a M ;  CaCI~ 0.8 m M  a n d  
Na~H a~PO 4 - 1 mCi  for  I h a t  37 °C in  a m e t a b o l i c  s h a k e r  
u n d e r  100% oxygen .  T S H  a n d  L A T S  were  used  a t  a con-  
c e n t r a t i o n  of 100 m U / m l  a n d  1.5 M R C  mil l i  u n i t s / m l  re-  
spec t ive ly .  A f t e r  t h e  i n c u b a t i o n  per iod,  t he  slices were  
w a s h e d  seve ra l  t i m e s  w i t h  0.1 M K H , P O 4  a n d  n o r m a l  sali- 
ne. Subce l lu l a r  f r ac t ions  were  p r e p a r e d  b y  t h e  d i f fe ren t i a l  
c e n t r i f u g a t i o n  of t h e  t h y r o i d a l  h o m o g e n a t e  in  4 vo l umes  

of 0 . 2 5 M  sucrose.  T h e  1000 g s e d i m e n t  (10 mil l  cen t r i fu -  
ga t ion)  was  d i scarded .  T h e  10,000 g s e d i m e n t  o b t a i n e d  
a f t e r  20 ra in  c e n t r i f u g a t i o n  was  t a k e n  as t he  m i t o c h o n -  
d r i a l  f rac t ion .  The  m i c r o s o m a l  f r ac t i on  was  t h e  105,000 g 
s e d i m e n t  (1 h cen t r i fuga t ion ) .  L ip ids  were e x t r a c t e d  f rom 
t h e  h o m o g e n a t e ,  subce l lu la r  f r ac t i on  a n d  a p o r t i o n  of t h e  
105,000 g s u p e r n a t a n t  w i t h  20 vo lumes  of CHC13: CH3OH 
(2:1 v /v )  m i x t u r e  a n d  pur i f i ed  accord ing  to  t h e  m e t h o d  of 
FOLC~I e t  al, 1~. T h e  t o t a l  l ip id  r a d i o a c t i v i t y  was m e a s u r e d  
us ing  15.0 ml  of t he  sc in t i l l a to r  f luid (PPO-5  g a n d  d ime-  
t h y l  P O P O P - 0 . 3  g in  I L  Toluene)  a n d  c o u n t e d  in N u c l e a r  
Chicago L iqu id  Sc in t i l l a t ion  Counter .  I n d i v i d u a l  p h o s p h o -  
l ipids  were  reso lved  on  TLC a n d  t he  p h o s p h o l i p i d  zones  
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