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Abstract. Binding sites for rat atrial natriuretic peptide (6-33)
(ANP) were quantitated in the subfornical organ of chronically de-
hydrated homozygous Brattleboro rats unable to synthesize vasopres-
sin; heterozygous Brattleboro rats, their contro'ls, Long tvans rats
and Long Evans rats after 4 days of lrater,qejrivation. Brain sec-
tions were incubated in the presence of r¿)l-ANP and the results
analyzed by autoradiogr?ehy coupled to computerized microdensitom-
etry and coflparison to IZ5l-standards. Brattleboro rats and water
deprived Long Evans rats presented a higher number of ANP binding
sites than their noñnally hydrated controls. our results suggest
a role of ANP binding sites in the subfornical organ in the cen-
tral requlation of fluid balance and vasopressin secretion.

Introducti on. fhe atrial natriuretic
factor (ANF) and related peptides,
first identified in the mammal ian car-
diac atrium are released into the cir-
culation in response to volume expan-
sion, and may play active roles in
cardiovascul ar regulation and fl uid
homeostasi s through recepto r-medi at ed
actions in the kidneys, adrenal glands
and vascul ature (1 ,2,3 ) ,

Certain effects of ANF, however,
could be centrally medíated. ANF mod-
ulates vasopressin secretion acting at
the hypothalamic and pituitary levels
(4,5). Einding sites for rat ANF (8-
33) are localized in the subfornical
organ, a ci rcunventri cul ar structure
devoid of blood-brain barrier and i n-
volved in blood pressure regulation
and the secretion of vasopressin (6).

l.le have used quantitative auto-
radiographic methods coupled to com-
puteri zed microdensitometry (8,9) to
characteri ze and quantitate binding
sites for 1251-¡¿¡ i¡¡¡¿1 natriureti;
peptide (6-33) (ANP) in the subforni-
cal organ of homozygous Brattl eboro
rats, unable to synthesize vasopressin

and suffering frofl chronic dehydration
(diabetes ins'ipidus)(10), heterozygous
Brattleboro rats and their normally
hydrated controls, Long Evans rats. To
assess the role of ANP in acute dehy-
dration we studied ANP bínding sites
in water deprived Long Evans rats. ANP

closely resenbles rat ANF (8-33) con-
taining at the N-tenninus onlY two
amino acids more (Ser-Leu) than this
peptide (11) .

I'laterials and lvlethods. llale 9-week
ilA-homot¡ous EiáiTTéboro rats (DI ),
heterozygous Brattl eboro rats (Hz),
norflal ly hydrated Long Evans control s
(LE), and LE rats water deprived for 4
days were housed individually in meta-
bolic cages under normal laboratory
conditions for one week after being
purchased frorn Blue Spruce Fanns, Alta-
mnt. NY. Mean daily water fntake was
812, 9r5 and 7515 ml/1009 l'reight for
LE, HZ, and DI rats, respectivelY,

The rats were sacrificed by decapi-
tation between 09.00 hr and 11.00 hr,
their brains inmediately removed and
frozen by immersion in isopentane
(-30'C). l,{ithin 24 hrs of sacrifice,
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Figure 1: Autoradiographic localization of [1251]-ANP binrljng sjtes
in a coro¡al section at the level of the subfornical organ
in the DI Brattleboro rat. The section uas incubated r; the
DIesence o' 0.3 nf1 [1251.]-ANP dnd exposed f0.2.5 days to
L 

rH I - tl I t ro f i I m. The arro\4 points to the subfornical organ.

Fjgure 2: Scatchard analysis of 125I-ANP bjñding to the subfornr'cal
organ. Solid circles: LE. open circles: DI. Data
represent a typical experiment which was replicated 5 tines
(DI) or 8 times (LE) per group. Correlatjon coeffjcjents(r) are: DI: -0.9IBBr LE: -0.8532,

tissue sections (16 pm) were cut in a
cryostat at -14"C, thaw-mounted onto
gel ati n-coated gl ass sl ides, and pl ac-
ed under vacuum at 4"C until incuba-
tion.

RaL atrial natrjuretic peptide (6-
33) (ANP) bindins sites wi:ró t¿Ueie¿
in vitro by.i.ncubltion with (3-[125t]-
i odotyrosyi 28 ) A\P (speci fic ¿cti v-
ity 1750 Cilrnrnol , Amersham Corp., Ar-
lington Hts., IL). 5c¿tchard analysis
was perfoñned using consecutive sec-
tions fron individual brains. Tissue
sections were preincubated at 20"C for
15 nin in 50 d'l Trís-HC1 buffer, pH
7.4 and were incubated for 60 nin at
room temperature in 50 !d'4 Tris-HC] buf-
fer, pH 7.4, containing 100 mM NaCl ,5
ttü tr4gCl2, 0.5% bovine serum albumin,
40 ¡g/ml bacit.acin, 4 pglrni leupeptin,
2 ug/ml chymostatin, 0.5 ug/ml phenyl -
fnq!hylsul fonyl-fluoride (PYSF)(6), and
r ¿! I -ANP in concentrations ranging
from 10 to 400 pNl. Non-specific bind-
ing was determined in consecutive sec-

tions in the presence of unldbeled ANP
(atrial peptide, rdt, 28 aminoacids,
Peni ns ul a Laboratories, Inc., Be'lmont,
CA), in concentrations ranging from
0.025 to 1 pl4. After incubatjon, the
sl ides were washed three times (2 min
each) in Tris-HC1 buffer at 4"C and
dried under a cold strean of air.

Quantitation of ANP binding sites -wasperformed by autoradiographl wttn ¡3¡¡-
Ultrofi lm (LKB Industries, Rockvil le,
l,lD ) computerizg4- microdensitonetry and
compari son to 1¿)l-standards (8,9),

Binding data were calculated and
Scatchard plots v{ere generated by lin-
ear regression. All data were pre-
sented as the mean r S.E.M. Statis-
tical differences between groups were
analyzed using the Student's t-test.

Resul tsr Saturable, single class
binding sites for ANP were concentra-
ted in the subfornical organ (Fig. 1,
2) of both DI and LE rats. lhe addi-
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TABLE T.

Stra i n Binding Affifrity (Ka)
(xI0YÍ- r )

aximun Binding Capacity (Bmax)

- (friol /mg protei n)

LE Control
(8)

LE liater
Deprived

(8)

Hz (5)

Dr (5)

16.3 12.8

14.1 ! 3.0

15.3 ! 1.5

12.4 ! 2.9

?9.0 ! 2.0

74.4

43.7

67.4

1 5.3 a b

! 1.0 a

! 6.9 a

values are neans 1 S.E.l'1.
a: D(0.005. vs. control LE.
b: p<0. OOs, vs. ttz.

¡lumbers between parenthesi s are
'indi vidual I y.

tion of unlabeled At{P or ANF (8-33)
resulted in a disolacement of mre
than 80% of ¡¡g 125i-4¡p binding (re-
sults not shovrn), DI rats had a much
higher maximum binding capacity (Bmax)
than the LE controls (Fig. 2 and Table
I). HZ rats had a Emax of inteñnediate
value between those of LE controls and
DI rats. LE rats, when |rater deprived
for 4 days, showed an increase in the
number of ANF binding sites in the sub-
fornical organ, of a magnitude similar
to that observed in DI rats (fable 1)'
In contrast there were no differences
in the binding affinity conslant (Ka)
between the groups (Fig. 2 and Table l).

Discussion. ANF and related peptides
ñáF6een proposed to be i nvol ved i n
the regulation of extracellular fluid
(1). Evidence has been accumulati ng
which suggests that these peptides nay
act as horrnones, being released by left
atrial cardiomyocites to the circula-
tion to act at distant receptor sites
(1,2,3). fhe peptides produce natri-
uresis and diuresis, effects r{hich are
physiologically opposite to those of
the ant idi uret ic honnone, arginine
vasopressin (1). l,lodul ation of vaso-
pressin release by ANF and related

number of aninals per group, assayed

peptides could be considered an exam-
ple of their hoñnonal effects. ANF
can release vasopressin from isolated
posterior pituitary lobes (5). HovJ-

ever, distension of the left atrium
induces a decrease in plasma levels
of vasopressin (12) and synthetic ANF
can i nhibit dehydration-i nduced vaso-
pressin release in vivo (4). Thus,
the overall effect of ANF in vasopres-
sin release by the intact hypothalanic-
hypophyseal system may be one of de-
creased hormone release.

Vasopressin release from the poster-
ior pituitary is nodulated by stimula-
tion of higher brain structures, such
as those the subfornical org¿n, a cir-
cumventricular organ devoid of blood-
brain barrier (7). During dehydration,
blood borne factors such as angioten-
sin II stimulate subfornical organ re-
ceptors, resulting in increased drink-
ing behavior, metabol ic activity in
this area, and vasopressin release (7,
13,14 ) .

The discrete localization of ANP

b'inding sites in the subfornical organ
reported here is in agreement vrith
prsvious observations of a high con-
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centration of binding sites for the
related peptide synthetic ANF (8-33)
in this structure (6), and suggest
that the subfornical organ could also
be the target site in the central
regul ation of vasopressin secretion
by bl ood-borne ANF.

our observations of a high nunber of
ANP binding sites in the subfornical
organ of Dl rats and of an increased
number of ANP bi ndi ng sites i n water
deprived Lt rats supports a role of ANF
peptides in the central control of
fluid balance. Lack of vasopressin in
homozygous Brattleboro rats results in
excessi ve drinking, high circulating
¿ngiotensin II levels and a metabol-
ically hyperactive subfornical organ-
posterior pituitary axis (15). In
normal animal s acute dehydration pro-
duces a sinilar constellation of symp-
tons (13,16) as l{el I as increased an-
giotensin II receptors in the subfor-
nical organ (17). Dehydration also
results in increased ANF content in
the heart (18) probably a result of
reduced release into the circulation.

The present findinqs of increased
ANP bind'ing sites in the subfornjcal
organ of Dl rats coul d represent up-
regulation of ANP receptors due to
decreased stimulation from blood borne
ANP, or be directly related to alter-
ations in angiotensin receptors 'in
thi s area. 0ur fi ndi ngs suggest that
the subfornical organ night be the tar-
get site for central interactions be-
tween ANF and angiotensin and provide
further evidence for a role of ANF and

"elated peptides in vasopressin secre-
tion and in the regulation of fluid
homeostasi s.
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