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A b s t r a c t .  The s y n t h e t i c  fragment (Arg 101-Tyr 126) of a t r i a l  
n a t r i u r e t i c  f a c t o r  (ANF) induces r e l e a s e  of a r g i n i n e  v a s o p r e s s i n  
from t h e  i s o l a t e d  p o s t e r i o r  l o b e  of t h e  r a t  hypophysis i n  v i t r o .  
At a  p h y s i o l o g i c a l  c o n c e n t r a t i o n  ( 3  x  10-1%) ANF was t h r e e  t imes 
more e f f e c t i v e  than  6 1  rnM KCL. I n  v i t r o  b ind ing  s t u d i e s  w i t h  1251- 
ANF r e v e a l e d  t h e  presence  of h igh  a f f i n i t y  r e c e p t o r  s i t e s  d i sp lay-  
i n g  a  pK = 9.9, a Kd = 0.14 nM, a  Bmax = 20 f m o l / p o s t e r i o r  l o b e  and 
and IC50 = 200 PI:. These r e s u l t s  s u g g e s t  t h a t  a r g i n i n e  v a s o p r e s s i n  
r e l e a s e  by s y n t h e t i c  a t r i a l  n a t r i u r e t i c  f a c t o r m a y b e  r e c e p t o r m e d i a t e d  
@ 1985 Soc i e ty  for  Experimental Biology and Medicine. 

The c a r d i o c y t e s  of t h e  a t r i a  i n  mam- 
mals (1 ,2 ,3 )  and of bo th  a t r i a  and ven- 
t r i c l e s  of non mammalian v e r t e b r a t e s  
(4) harbour,  a p a r t  from t h e i r  contrac-  
t i l e  appara tus ,  a  l a r g e  Golgi  complex 
and s e c r e t o r y - l i k e  g ranules .  These 
g r a n u l e s  have been shown t o  be  made up 
of p r o t e i n s  (5) and t o  c o n t a i n  a  p e p t i -  
de ( a t r i a l  n a t r i u r e t i c  f a c t o r  (ANF)) 
which induces d i u r e s i s  and n a t r i u r e s i s  
o f  r a p i d  o n s e t  and s h o r t  d u r a t i o n  (6,7). 
The a c t i v e  (C-terminal) p o r t i o n  of  t h e  
p e p t i d e  h a s  been i s o l a t e d ,  sequenced 
and s y n t h e t i z e d  (8) .  I s o l a t i o n  of l a r -  
g e r  molecular  weight  forms has  r e v e a l e d  
e x t e n s i o n  i n  t h e  N-terminal p o r t i o n  of 
t h e  molecule (9, lO) and,  f i n a l l y ,  c lo-  
n i n g  of t h e  r a t  cDNA h a s  d e l i n e a t e d  a  
long p e p t i d e  of 152 amino a c i d s  (14,15) 
t h e  C-terminus of which is  i d e n t i c a l  
w i t h  t h e  p o r t i o n  which had p r e v i o u s l y  
been s y n t h e t i z e d .  The s i g n a l  p e p t i d e  
be ing  made up of 24 amino a c i d s ,  t h e  
remaining ones have been numbered from 
1 t o  128 from t h e  N- t o  C-terminus ac- 
cord ing  t o  s t a n d a r d  p r a c t i c e .  We have 
shown t h a t  t h e  s y n t h e t i c  fragment 
(Arg 1 0 1  - Tyr 126) possesses  t h e  same 
b i o l o g i c a l  a c t i v i t y  a s  i t s  n a t i v e  
c o u n t e r p a r t  a s  r e g a r d s  i n d u c t i o n  of  
d i u r e s i s ,  n a t r i u r e s i s ,  v a s o d i l a t i o n  
and i n h i b i t  ion  of a r t e r i a l  c o n t r a c t i o n  
produced by catecholamines o r  angioten-  
s i n  1 8  1 1  ANF is  a l s o  a  p o t e n t  

i n h i b i t o r  of bo th  a l d o s t e r o n e  and c o r t i -  
s o l  s e c r e t i o n  from beef  a d r e n a l  c o r t e x  
and a c t s  on t h e s e  t a r g e t  c e l l s  through 
r e c e p t o r s  (12,13) .  We now r e p o r t  t h a t  
ANF is a  p o t e n t  s t i m u l a n t  o f  a r g i n i n e  
v a s o p r e s s i n  (AVP) s e c r e t i o n  from t h e  
i s o l a t e d  p o s t e r i o r  l o b e  of t h e  hypophy- 
sis and t h a t  i t  may a c t  through s p e c i f i c  
r e c e p t o r s .  

MATERIALS AND METHODS 

P r e p a r a t i o n  of n e u r a l  l o b e s :  Female 
Sprague-Dawley r a t s  (190-210 g  b.w.) 
were maintained w i t h  f r e e  a c c e s s  t o  food 
and wate r  f o r  one week p r i o r  t o  exper i -  
ments. The r a t s  were d e c a p i t a t e d ,  t h e  
b r a i n s  q u i c k l y  removed and t h e  neurohy- 
pophysis  i s o l a t e d  from t h e  a n t e r i o r  lobe  
w i t h  t h e  a i d  of a  magnifying g l a s s .  Neu- 
ral  l o b e s  ( i n c l u d i n g  p a r s  in te rmedia )  
were c u t  i n  f o u r  and p laced  i n  1 mlme- 
d i m  s a t u r a t e d  w i t h  95% 02 5% C02 (Mini- 
mrm E s s e n t i a l  Medium, ~ u l b e c c o ' s M o d i f -  
i c a t i o n ,  0.05% bovine serum albumin ad- 
ded (Flow L a b o r a t o r i e s ) )  a t  3 7 ' ~  f o r  a  
40 min e q u i l i b r a t i o n  per iod .  A f t e r  d i s -  
c a r d i n g  t h e  f i r s t  i n c u b a t i o n  medium, t h e  
samples were exposed t o  f r e s h b a t h  f l u i d  
a t  1 0  min i n t e r v a l s  over  p e r i o d s  of up 
t o  30 min. A f t e r  each  p e r i o d ,  themedia  
were immediately assayedby  radioimmuno- 
assay  (RIA) f o r  t h e i r  c o n t e n t  of AVP. I n  
each experiment ,  i s o l a t e d  r a t  n e u r a l l o -  
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F i g .  1. E f f e c t  o f  ANF and KC1 d e p o l a r i z a t i o n  on a r g i n i n e  
v a s o p r e s s i n  r e l e a s e  from i s o l a t e d  r a t  neurohypophyses .  

bes  were randomly a l l o c a t e d  t o  one of 
s i x  groups: Group 1 medium only:  Group 
2,  medium p l u s  ~ X ~ O - ~ ~ M  ANF; Group 3,  
medium p lu s  3x10'11~ ANF; Group 4 ,  me- 
dium p lu s  ~ X ~ O - ~ ~ M  ANF; Group 5 ,  medium 
p lu s  3 x 1 0 ' ~ ~  ANF; Group 6 ,  medium con- 
t a i n i n g  61 mM K C 1 .  I s o l a t e d  n e u r a l  lo -  
bes of B ra t t l ebo ro  r a t s  and i s o l a t e d  
a n t e r i o r  hypophyses of Sprague-Dawley 
r a t s  processed a s  descr ibed  above s e r -  
ved a s  ab so lu t e  con t ro l s .  

R I A  of AVP: AVP conten t  i n  t h e  incuba- 
t i o n  medium was measured by RIA (16).  
White New Zealand r a b b i t s  were immuni- 
zed wi th  a r g i n i n e  vasopress in  conjuga- 
t ed  t o  thyroglobul in  g iv ing  on a n t i s e -  
rum wi th  a  c ro s s - r eac t i v i t y  of 0% wi th  
oxytocin and of l e s s  than 0.02% wi th  
lys ine-vasopress in  and arginine-vasoto-  
c i n .  Scatchard a n a l y s i s  showed t h e  
presence of a  s i n g l e  ant ibody popula- 
t i o n  w i th  a  b ind ing  capac i t y  of 5 .7  
pmol/L and an a f f i n i t y  cons t an t  (K1) of 
0.122 ~ / p m o l .  The s t a t i s t i c a l  a n a l y s i s  
of s tandard  curves showed a d e t e c t i o n  
l i m i t  of 1 .5  pg l tube .  I n  a n a l y t i c a l  
recovery s t u d i e s  w i th  d i f f e r e n t  quant i -  
t i e s  of AVP s tandard  added tothemedium 
(50-125 n g / ~ )  t h e  mean recovery was 
97.2% (n=3),  t h e  within-assay coe f f i -  
c i e n t  of v a r i a t i o n  was 5.2% (n=8) and 
l i n e a r i t y  of d i l u t i o n  of t h e  samples 
was observed w i th  a  c o r r e l a t i o n  coe f f i -  
c i e n t  of 0.94%. S t a t i s t i c a l  a n a l y s i s  

was performed us ing  S tuden t ' s  t - t e s t .  
Resu l t s  a r e  expressed a s  mean f s tandard  
e r r o r  of t h e  mean. A pc0.05 was cons- 
i de r ed  a s  s i g n i f i c a n t .  (Fig.  1 ) .  

Receptor s tudy:  ANF was i od ina t ed  t o  a  
s p e c i f i c  a c t i v i t y  of 500Ci/mmol a s  
prev ious ly  descr ibed  (17) .  Rat p i t u i -  
t a r y  p o s t e r i o r  l obes  were r i n sed  i n  
0.9% NaCl and homogenized i n  50mM Tr i s -  
H C 1  pH 7.4, 150mM NaC1, 1mM MgC12, 0 .1  
mM EDTA a t  4 ' ~  (10 lobes / lO m l  b u f f e r ) .  
Following c e n t r i f u g a t i o n  a t  40,000 g 
f o r  10  min, t h e  membrane p e l l e t  was re-  
suspended a t  25OC i n  50mM Tris-HC1 pH 
7.4, 150 mMNaC1, 5 mMMnC12, 0.1mM 
EDTA, 0.5% BSA and a l i q u o t s  (0.8 lobe /  
tube)  were incuba ted  f o r  90 min i n  0.5 
m l  of  t h e  same b u f f e r  conta in ing  20,000 
CPM (40 pM) 1 2 5 ~ - ~ ~ ~  and vary ing  con- 
c e n t r a t i o n s  of  unlabeled ANF. Membrane- 
bound r ad io l i gand  was s epa ra t ed  by f i l -  
t r a t i o n  on GF/C g l a s s  f i b e r  f i l t e r s  and 
washed 5 t imes wi th  5 m l  of ice-cold 
b u f f e r .  The competi t ion curves were a- 
nalyzed by non-l inear  r eg r e s s ion  us ing  
a four-parametr ic  l o g i s t i c  equa t ion  (12, 
13)  o r  a  mass a c t i o n  model (12, 13 ) .  

RESULTS 

AW r e l e a s e :  A s  can be seen  i n  Fig.  1, 
ANF produced a massive r e l e a s e  of AVP 
from i s o l a t e d  r a t  neurohypophyses dur ing  
t h e  f i r s t  10  min of incuba t ion .  The 
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r e l e a s e  was more impor tan t  a t  a  concen- 
t r a t i o n  of 3x10-1°M than  t h a t  induced 
by KCL d e p o l a r i z a t i o n .  Exposure of t h e  
l o b e s  t o  h i g h e r  c o n c e n t r a t i o n  ( ~ X ~ O - ~ M ) ,  
of ANF induced a  l e s s e r  i n c r e a s e  than  
t h a t  observed a t  a  c o n c e n t r a t i o n  of 
3x10-1°M whi le  t h e  e f f e c t  of 3 x 1 0 ' ~ ~ ~  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
r e l e a s e  observed i n  medium a lone .  While 
i n  t h e  medium a l o n e  AVP r e l e a s e  c o u l d b e  
observed a f t e r  20 min. (0.19tO.O2ng/ml 
medium) and 30 min. (0.12+0.03ng/ml me- 
dium) and s t a t i s t i c a l l y  s i g n i f i c a n t  in-  
c r e a s e  of AW r e l e a s e  was s t i l l  p r e s e n t  
a f t e r  20 min. exposure of neurohypophy- 
s e s  t o  3 x 1 0 - ~ ~ ~  ANF (0.33+0.06ng/ml me- 
dium, p<0.025),  no f u r t h e r  s t i m u l a t i o n  
of AVP r e l e a s e  could be observed from 
t h e  n e u r a l  l o b e s  exposed t o  ANF a f t e r  
30 min. Potassium d e p o l a r i z a t i o n e v o k e d  
s i g n i f i c a n t l y  g r e a t e r  AVP r e l e a s e d u r i n g  
t h e  whole experiment  when compared t o  
t h e  c o n t r o l s  (20 min: 0.56+0.05ng/ml 
medium, p<0.001; 30 min: 0.33+0.08ng/ml 
medium, p<0.025). I n t e r e s t i n g l y ,  when 
i n t a c t  n e u r a l  l o b e s  were used i n  a  sep- 
a r a t e  s e r i e s  of exper iments ,  amuch smal- 
l e r  b a s a l  AVP r e l e a s e  was no ted  (9.7% 
of t h e  amount r e l e a s e d  by c u t  l o b e s )  and 
no i n c r e a s e  i n  AVP r e l e a s e  was observed 
when d i f f e r e n t  amounts of ANF were pre- 
s e n t  i n  t h e  media: only 7.6% of t h e  bas- 
a l  AVP r e l e a s e  when 3x10-1°M of ANF, and 
13.2% when 3 x 1 0 - 9 ~  of ANF was added. 

Radiol igand b i n d i n g  of lZ51 iodo ANF: 
Radiol igand b i n d i n g  of 1 L 3 ~ - A N ~  was 
s p e c i f i c  and d i s p l a y e d  and IC50 ( i n h i -  
b i t o r y  c o n c e n t r a t i o n a t  502 maximal e f -  
f e c t )  of 200 pM f o r  ANF a s  a  competing 
l i g a n d .  Computerized a n a l y s i s  of t h e  
compet i t ion  curve i n d i c a t e s  t h a t  ANF 
predominantly b inds  t o  h igh  a f f i n i t y  
r e c e p t o r  s i t e s  w i t h  a  pK of 9.9 (Kd= 
0.14 nM) and a  d e n s i t y  of 20fmol/poste- 
r i o r  lobe .  

Discuss ion .  The p r e s e n t r e s u l t s i n d i c a -  
t e  t h a t  s y n t h e t i c  ANF h a s  an  extremely 
p o t e n t  e f f e c t  on t h e  r e l e a s e  of AVPfrom 
t h e  i s o l a t e d  p o s t e r i o r  lobe  of  t h e  r a t  
hypophysis.  Receptors  f o r  ANF have now 
been d e s c r i b e d  and c h a r a c t e r i z e d  i n  
t h e  zona glomerulosa of t h e  a d r e n a l  
c o r t e x  (12, 1 3 ) ,  i n  a r t e r i a l  w a l l s  (24) 
i n  r e n a l  c o r t i c a l  membranes (24) and i n  
c u l t u r e d  r e n a l  t u b u l a r  c e l l s  of t h e  
LLC-PK1 l i n e  (24) .  Binding s i t e s  have 
been l o c a l i z e d  i n  a  v a r i e t y  of t i s s u e s  
by radioautography fo l lowing  i n j e c t i o n  

of l Z 5 1 - ~ ~ F  (25) .  The range of s t imula-  
t o r y  a c t i v i t y  of ANF on AVP r e l e a s e  (% 

300pM) c o r r e l a t e s  w e l l  wi th  t h e  IC50 
(200 pM) of  t h e  l i g a n d  f o r  r e c e p t o r  si- 
t e s  s u g g e s t i n g  t h a t  t h e  e f f e c t s  of ANF 
on t h e  p o s t e r i o r  l o b e  may be  recep tor -  
mediated.  

S e p a r a t e  s t u d i e s  have shown t h a t  ANF 
i n h i b i t s  b a s a l  a d e n y l a t e  c y c l a s e  a c t i v i -  
t y  of r a t  p o s t e r i o r  p i t u i t a r y  homogena- 
t e s  i n  a  dose-dependent manner (maximum 
i n h i b i t i o n  of 25% w i t h  a n  a p p a r e n t z i o f  
1 0 ~ ) .  ANF a l s o  i n h i b i t s  t h e  s t imula-  
t o r y  e f f e c t  on a d e n y l a t e  c y c l a s e  a c t i v i -  
t y  of v a r i o u s  a g e n t s  such a s  NECA (N- 
Ethylcarboxamide adenos ine) ,  sodium 
f l u o r i d e  and f o r s k o l i n  whose a c t i o n  on 
a d e n y l a t e  c y c l a s e  is n o t  r e c e p t o r  media- 
t e d  (18) .  

The enzymes necessary  f o r  t h e  forma- 
t i o n  and h y d r o l y s i s  o f  c y c l i c  n u c l e o t i -  
des  have been shown t o  be p r e s e n t  i n  t h e  
n e u r a l  l o b e  of t h e  p i t u i t a r y  gland and 
r e l e a s e  of AVP by K C 1  d e p o l a r i z a t i o n  is 
preceded by a  r i s e  of b o t h  CAMP and 
cGMP (19) .  Whether t h e  e f f e c t s  of ANF 
a r e  a l s o  mediated by c y c l i c  n u c l e o t i d e s  
remains t o  be  determined.  

The r e c e n t  o b s e r v a t i o n s  o f  t h e  pre-  
sence  of immunoreactive ANF i n r a t p l a s -  
ma a s  determined by radioimmunoassay 
(20) p rov ides  some evidence f o r  a  r o l e  
of t h e  p e p t i d e  a s  a  hormone. Our r e s u l t s  
sugges t  t h a t  increasedplasma concentra-  
t i o n  of ANF induced by varioushemodyna- 
mic s t i m u l i  might l e a d  t o  i n c r e a s e d  AVP 
s e c r e t i o n .  While d i s t e n s i o n  of t h e  
r i g h t  a t r i u m  does n o t  produce any chan- 
ge i n  t h e  p l a s m a t i c  l e v e l s  of AVP (22), 
d i s t e n s i o n  of t h e  l e f t  a t r i u m  induces a  
decrease  i n  p l a s m a t i c  AVP c o n c e n t r a t i o n  
(21) . When t h e  v a g i  a r e  cooled,  however, 
plasma AVP r i s e s  and s imultaneous d i s -  
t e n t i o n  of t h e  l e f t  a t r i u m  then  produces 
a  f u r t h e r  r i s e  of p l a s m a t i c  AVP (23) .  
Although t h e  p r e s e n t  r e s u l t s  i n d i c a t e  
t h a t  ANF h a s  a  d i r e c t  r e l e a s i n g  e f f e c t  
f o r  AVP on t h e  i s o l a t e d  p o s t e r i o r  lobe ,  
t h e  o v e r a l l  e f f e c t  o f  ANF on v a s o p r e s s i n  
r e l e a s e  by t h e  i n t a c t  hypothalamic-hypo- 
physea l  system a s  modulated by a  h o s t  of 
nervous r e f l e x e s  may be  q u i t e  d i f f e r e n t .  
I n  f a c t  t h e  above c i t e d  r e s u l t s  may in -  
d i c a t e  t h a t  t h e  o v e r a l l  e f f e c t  o f  a t r i a l  
d i s t e n s i o n ,  a s  p o s s i b l y  mediated bo th  
by ANF r e l e a s e  and by nervous r e f l e x e s ,  
may w e l l  be  a  d e c r e a s e  i n  AVP r e l e a s e .  
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