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Abs t rac t .  B ind ing  s i t e s  f o r  r a t  a t r i a l  n a t r i u r e t i c  pep t i de  (6-33) 
(ANP) were quan t i t a t ed  i n  t h e  sub fo rn i ca l  organ o f  c h r o n i c a l l y  de- 
hydrated homozygous B r a t t l e b o r o  r a t s  unable t o  synthesize vasopres- 
s i n ;  heterozygous B r a t t l e b o r o  r a t s ,  t h e i r  con t ro l s ,  Long Evans r a t s  
and Long Evans r a t s  a f t e r  4  days o f  water  de r i v a t i o n .  B r a i n  sec- 
t i o n s  were incubated i n  t h e  presence o f  12$-ANP and t h e  r e s u l t s  
analyzed by au torad iogra  hy coup1 ed t o  computerized microdensi tom- 
e t r y  and comparison t o  1951-standards. B r a t t l  eboro r a t s  and water  
depr ived Long Evans r a t s  presented a  h i ghe r  number o f  ANP b ind ing  
s i t e s  than  t h e i r  normal l y  hydrated con t ro l s .  Our r e s u l t s  suggest 
a  r o l e  o f  ANP b ind ing  s i t e s  i n  t h e  sub fo rn i ca l  organ i n  t h e  cen- 
t r a l  r e g u l a t i o n  o f  f l u i d  balance and vasopressin secre t ion .  

I n t r oduc t i on .  The a t r i a l  n a t r i u r e t i c  
f a c t o r  (ANF) and re1  ated pept ides,  
f i r s t  i d e n t i f i e d  i n  t h e  mammalian ca r -  
d i ac  a t r i u m  are  re leased i n t o  t h e  c i r -  
c u l a t i o n  i n  response t o  volume expan- 
s ion ,  and may p l ay  a c t i v e  r o l e s  i n  
card iovascul  a r  r e g u l a t i o n  and f l u i d  
homeostasi s  th rough receptor-medi a ted  
ac t i ons  i n  t h e  k idneys,  adrenal glands 
and vascu la tu re  (1,2,3). 

Ce r ta i n  e f fec ts  o f  ANF, however, 
cou ld  be c e n t r a l l y  mediated. ANF mod- 
u l  a tes  vasopressin sec re t i on  a c t i n g  a t  
t h e  hypothalamic and p i t u i t a r y  1  eve1 s  
(4,5). B ind ing  s i t e s  f o r  r a t  ANF (8 -  
33) a re  l o c a l i z e d  i n  t h e  sub fo rn i ca l  
organ, a  c i  rcumvent r i cu l  a r  s t r u c t u r e  
devoid o f  b l  ood-brai n  b a r r i e r  and i n- 
vo l  ved i n  b l  ood pressure regu l  a t  i on 
and t h e  sec re t i on  o f  vasopressin ( 6 ) .  

We have used q u a n t i t a t i v e  auto- 
rad iograph ic  methods coupled t o  com- 
pu te r i zed  microdensi  tometry (8,9) t o  
cha rac te r i ze  and q u a n t i t a t e  b i  nd i  ng 
s i t e s  f o r  l Z 5 1 - r a t  a t r i a l  n a t r i u r e t i c  
pep t i de  (6-33) (ANP) i n  t h e  sub fo rn i -  
c a l  organ of homozygous B r a t t l  eboro 
r a t s ,  unable t o  syn thes ize  vasopressin 

and s u f f e r i n g  from chron ic  dehydrat ion 
(d iabe tes  i n s i  p idus)  ( l o ) ,  heterozygous 
B r a t t l  eboro r a t s  and t h e i r  normal l y  
hydrated con t ro l s ,  Long Evans r a t s .  To 
assess t h e  r o l e  o f  ANP i n  acute dehy- 
d r a t i o n  we s tud ied  ANP b ind ing  s i t e s  
i n  water depr ived Long Evans r a t s .  ANP 
c l o s e l y  resembles r a t  ANF (8-33) con- 
t a i n i n g  a t  t h e  N-terminus o n l y  two 
amino ac ids  more (Ser-Leu) than  t h i  s  
pep t ide  (11) .  

Mater i  a1 s  and Met hods. Ma1 e  9-week 
01 d  homozygous B r a t t l  eboro r a t s  (01) , 
heterozygous B r a t t l  eboro r a t s  (HZ) ,  
normal l y  hydrated Long Evans c o n t r o l s  
(LE), and LE r a t s  water depr ived f o r  4 
days were housed i n d i v i d u a l l y  i n  rneta- 
bo l  i c  cages under normal 1  abora to ry  
cond i t i ons  f o r  one week a f t e r  be ing  
purchased from Blue Spruce Farms, A1 t a -  
mont, NY. Mean d a i l y  water  i n t a k e  was 
8+2, 9+5 and 75+5 m1/100g weight f o r  
LEY HZ, and D I  r a t s ,  respec t ive ly .  

The r a t s  were s a c r i f i c e d  by decapi- 
t a t i o n  between 09.00 h r  and 11.00 hr ,  
t h e i  r b ra ins  immedi ate1 y  removed and 
f rozen by immersion i n  isopentane 
(-30°C). W i t h i n  24 h r s  o f  s a c r i f i c e ,  
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Figure  1: Autoradiographic l o c a l  i r a t i o n  o f  [ 1 2 5 ~ ] - ~ ~ ~  b ind ing  s i t e s  
i n  a  coronal  sec t i on  a t  t h e  l e v e l  o f  t h e  sub fo rn i ca l  organ 
i n  t h e  DI B r a t t l e b o r o  r a t .  The sec t i on  was incubated i n  t h e  
presence o f  0.3 nM [1251]-ANP and exposed f o r  2.5 days t o  
L ~ H I - U ~  t r o f  i lm. The arrow p o i n t s  t o  t h e  sub fo rn i ca l  organ. 

F igure  2: Scatchard ana l ys i s  of 1251-ANP b ind ing  t o  t h e  subforn ica l  
organ. Sol i d  c i r c l e s :  LE. Open c i r c l e s :  DI. Data 
represent a  t y p i c a l  experiment which was r e p l i c a t e d  5  t imes 
( D I )  o r  8 t imes (LE) per  group. C o r r e l a t i o n  c o e f f i c i e n t s  
( r )  are:  DI :  -0.9188; LE: -0.8532. 

t i s s u e  sec t ions  (16 pm) were cu t  i n  a 
c r y o s t a t  a t  -14"C, thaw-mounted onto 
g e l a t i  n-coated g lass  s l  ides, and p l  ac- 
ed under vacuum a t  4°C u n t i l  incuba- 
t i o n .  

Rat a t r i a l  n a t r i u r e t i c  pept ide  (6-  
33) (ANP) b ind ing  s i t e s  were l abe led  
i n  v i t r o  by incubat ion  w i t h  (3-[ lz51]- 
i odotyrosyl  28) ANP ( speci f i c  ac t  i v- 
i t y  1750 C i  /mmol , Amersham Corp., Ar- 
1 i ngton Hts., I L ) .  Scatchard ana l ys i s  
was performed u s i  ng consecut ive sec- 
t i o n s  from i n d i v i d u a l  bra ins.  Tissue 
sec t ions  were preincubated a t  20°C f o r  
15 min i n  50 nirl Tris-HC1 b u f f e r ,  pH 
7.4 and were incubated f o r  60 min a t  
room temperature i n  50 mM T r i  s-HC1 buf -  
f e r ,  pH 7.4, con ta in i ng  100 mM NaC1, 5 
nirl MgC12, 0.5% bovine serum a1 bumi n, 
40 pg/ml baci  t r a c i n ,  4 pg/ml leupept i  n, 
2 pg/ml chymostatin, 0.5 pg/ml phenyl- 
methylsul  f o n y l - f l  uo r i de  (PMSF) (6 ) ,  and 
1251-ANP i n concent ra t ions  ranging 
from 10 t o  400 pM. Non-speci f ic  b ind-  
i ng was determined i n  consecutive sec- 

t i o n s  i n  t h e  presence o f  unlabeled ANP 
( a t r i  a1 pept ide,  r a t ,  28 aminoacids, 
Peninsula Laborator ies,  Inc., Belmont, 
CA) , i n concent ra t ions  rang i  ng from 
0.025 t o  1 pM. A f t e r  incubat ion ,  t h e  
s l i d e s  were washed th ree  t imes (2 min 
each) i n  Tris-HC1 b u f f e r  a t  4°C and 
d r i e d  under a c o l d  stream o f  a i r .  

Q u a n t i t a t i o n  o f  ANP b ind ing  s i t e s  was 
performed by au torad i  ography w i t h  c ~ H ] -  
U l  t r o f  i l m  (LKB Indus t r ies ,  R o c k v i l l  e, 
MD) computeri z microdensi tometry and 

f 9 5  compari son t o  I -s tandards (8,9). 

B ind ing  da ta  were ca l cu la ted  and 
Scatchard p l  o t s  were generated by 1 i n -  
ea r  regression.  A1 1 da ta  were pre- 
sented as t h e  mean 2 S.E.M. S t a t i s -  
t i c a l  d i  f ferences between groups were 
analyzed us ing  t h e  Student 's  t - t e s t .  

Resul ts .  Saturabl  e, s i  ng l  e c l ass  
b ind ing  s i t e s  f o r  ANP were concentra- 
t e d  i n  t h e  subforn ica l  organ (Fig.  1, 
2) o f  bo th  D I  and LE ra t s .  The addi- 
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TABLE I. BRAIN ANP BINDING SITES I N  LE, BRATTLEBORO 

AND WATER DEPRIVED RATS 

S t r a i n  B ind ing  A f f i n i t y  (Ka) Maximum Bind ing  Capaci ty (Bmax) 
( X ~ O ~ M - ~ )  ( fmol /mg p r o t e i n )  

LE Cont ro l  
(8  16.3 t 2.8 

LE Water 
Depr ived 

(8  14.1 +_ 3.0 

Values a re  means + S.E.M. 
a: p<0.005, vs. c o n t r o l  LE. 
b:  p<0.005, vs. HZ. 

Numbers between parenthes is  a re  number o f  animals pe r  group, assayed 
i n d i v i d u a l  ly. 

t i o n  o f  unlabeled ANP o r  ANF (8-33) 
r e s u l t e d  i n  a  displacement o f  more 
than 80% of t h e  l Z 5 1 - ~ ~ p  b ind ing  ( r e -  
s u l t s  no t  shown). D I  r a t s  had a  much 
h ighe r  maximum b i  ndi  ng capac i ty  (Bmax) 
than t h e  LE c o n t r o l s  (Fig.  2 and Table 
I ) .  HZ r a t s  had a  Bmax o f  in te rmed ia te  
va lue  between those o f  LE c o n t r o l s  and 
D I  r a t s .  LE r a t s ,  when water depr ived 
f o r  4  days, showed an increase i n  t h e  
number o f  ANF b ind ing  s i t e s  i n  t h e  suh- 
f o r n i c a l  organ, o f  a  magnitude s i m i l a r  
t o  t h a t  observed i n  D I  r a t s  (Table 1) .  
I n  con t ras t  t h e r e  were no d i f f e rences  
i n  t h e  b ind ing  a f f i n i t y  constant  (K ) 
between t h e  groups (Fig.  2 and Table I?. 
Discussion. ANF and re1 ated pept ides 
have been proposed t o  be invo lved i n  
t h e  r e g u l a t i o n  o f  e x t r a c e l l u l a r  f l u i d  
(1) .  Evidence has been accumulating 
which suggests t h a t  these pept ides may 
ac t  as hormones, being re leased by l e f t  
a t r i a l  cardiomyoci tes t o  t h e  c i r c u l a -  
t i o n  t o  a c t  a t  d i s t a n t  receptor  s i t e s  
( 1  3 )  The pept ides  produce n a t r i -  
u r e s i s  and d iu res i s ,  e f f e c t s  which are 
phys i  01 og i ca l  l y  oppos i te  t o  those o f  
t h e  a n t i d i u r e t i c  hormone, a r g i n i n e  
vasopressin (1). Modul a t i o n  o f  vaso- 
p ress in  re lease by ANF and r e l a t e d  

pept ides cou ld  be considered an exam- 
p l e  o f  t h e i r  hormonal e f f ec t s .  ANF 
can re1 ease vasopressi n f rom is01 ated 
p o s t e r i o r  p i t u i t a r y  1  obes (5 ) .  How- 
ever, d i s tens ion  o f  t h e  l e f t  a t r i um 
induces a  decrease i n  plasma l e v e l s  
o f  vasopressin (12) and syn the t i c  ANF 
can i n h i b i t  dehydra t ion- i  nduced vaso- 
p ress in  re1 ease i n  v i vo  (4 ) .  Thus, 
t h e  ove ra l l  e f f e c t  o f  ANF i n  vasopres- 
s i n  re1 ease by t h e  i n t a c t  hypothalamic- 
hypophyseal system may be one o f  de- 
creased hormone re1 ease. 

Vasopressin re lease f rom t h e  poster-  
i o r  p i t u i t a r y  i s  modulated by s t imu la-  
t i o n  o f  h igher  b r a i n  s t ruc tu res ,  such 
as those t h e  subforn ica l  organ, a  c i r -  
cumventr icular  organ devoid o f  blood- 
b r a i n  b a r r i e r  (7 ) .  Dur ing dehydration, 
b lood borne f a c t o r s  such as angioten- 
s i n  I 1  s t imu la te  subforn ica l  organ re -  
ceptors,  r esu l  t i  ng i n  increased d r i n k -  
i n g  behavior, metabol i c  a c t i v i t y  i n  
t h i s  area, and vasopressin re lease (7, 
13,14). 

The d i  sc re te  1  ocal i z a t  i o n  o f  ANP 
b ind ing  s i t e s  i n  t h e  subforn ica l  organ 
repor ted  here i s  i n  agreement w i t h  
previous observat ions o f  a  h i g h  con- 
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c e n t r a t i o n  o f  b i nd ing  s i t e s  f o r  t h e  l Z 5 1 - a t r i a l  n a t r i u r e t i c  f a c t o r  
r e l a t e d  pept ide  syn the t i c  ANF (8-33) (ANF) i n  r a t  t i ssues .  Histochem- 
i n  t h i s  s t r u c t u r e  (6 ) ,  and suggest i s t r y  82:441-452, 1985. 
t h a t  t h e  sub fo rn i ca l  organ cou ld  a l so  3. Napier  MA, Vandlen RL, Algers-  
be t h e  t a r g e t  s i t e  i n  t h e  c e n t r a l  Schonberg G, N u t t  RF, Brady S, L y l e  
r e g u l a t i o n  of vasopressin sec re t i on  
by b l  ood-borne ANF. T, Winquist  R, Faison EP, Heinel  

LA, B la i ne  EH. S p e c i f i c  membrane 

Our observat ions o f  a  h i gh  number o f  
ANP b ind ing  s i t e s  i n  t h e  sub fo rn i ca l  
organ o f  D I  r a t s  and o f  an increased 
number o f  ANP b ind ing  s i t e s  i n  water 
depr ived  LE r a t s  supports a  r o l e  o f  ANF 
pept ides i n  t h e  c e n t r a l  c o n t r o l  o f  
f l u i d  balance. Lack o f  vasopressin i n  
homozygous B r a t t l  eboro r a t s  r e s u l t s  i n 
excessive d r i n k i n g ,  h i gh  c i r c u l a t i n g  
ang io tens in  I 1  1  eve ls  and a  metabol- 
i c a l  l y  hyperac t i ve  sub fo rn i  ca l  organ- 
p o s t e r i o r  p i t u i t a r y  a x i s  (15). I n  
normal animal s  acute dehydra t ion  pro-  
duces a  s i m i l a r  cons te l  l a t i o n  o f  symp- 
toms (13,16) as we1 1  as increased an- 
g i o t e n s i n  I 1  receptors  i n  t h e  sub for -  
n i c a l  organ (17) .  Dehydrat ion a1 so 
r e s u l t s  i n  increased ANF conten t  i n  
t h e  hea r t  (18)  p robab ly  a  r e s u l t  o f  
reduced re1  ease i n t o  t h e  c i r c u l a t i o n .  

The present  f i n d i n g s  o f  increased 
ANP b ind ing  s i t e s  i n  t h e  sub fo rn i ca l  
organ o f  D I  r a t s  cou ld  represent  up- 
r e g u l a t i o n  o f  ANP receptors  due t o  
decreased s t imu l  a t i o n  f rom b l  ood borne 
ANP, o r  be d i r e c t l y  r e l a t e d  t o  a l t e r -  
a t i o n s  i n  ang io tens in  receptors  i n  
t h i s  area. Our f i n d i n g s  suggest t h a t  
t h e  sub fo rn i ca l  organ might  be t h e  t a r -  
get s i t e  f o r  c e n t r a l  i n t e r a c t i o n s  be- 
tween ANF and ang io tens in  and p rov ide  
f u r t h e r  evidence f o r  a  r o l e  o f  ANF and 
re1  ated pept ides  i n  vasopressi n  secre- 
t i o n  and i n  t h e  r e g u l a t i o n  o f  f l u i d  
homeostasi s. 
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