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Decreased Number and Affinity of Rat Atrial
Natriuretic Peptide (6-33) Binding Sites in the
Subfornical Organ of Spontaneously Hypertensive
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SUMMARY. Binding sites for rat atrial natriuretic peptide (6-33) were quantified by incubation
of brain sections with (3-['*IJiodotyrosyl®®) rat atrial natriuretic peptide (6-33), followed by
autoradiography with computerized microdensitometry. Spontaneously hypertensive rats present
lower numbers and lower affinity of binding sites than normotensive controls, Wistar-Kyoto rats,
in the subfornical organ (binding capacity 61.7 + 8.9 and 124.3 £ 10.7 fmol/mg protein; affinity
constant 4.25 + 0.55 and 11.10 * 1.67 % 10° M, respectively). In the choroid plexus, hypertensive
rats have lower numbers of sites than normotensive rats {binding capacity 72.7 + 10.5 and 173.6
+ 22.8 fmol/mg protein, respectively), but there was no difference in the binding affinity (affinity
constant 6.28 + (.82 and 7.60 + 2.06 X 10° M, respectively). Our results suggest that discretely
localized brain binding sites for rat atrial natriuretic peptide (6-33) may have a physiological
function in genetically hypertensive rats. (Circ Res 58: 389-392, 1986)

SEVERAL peptides have been identified in the
mammalian cardiac atrium, including the atrial na-
triuretic factor (ANF) (Cantin and Genest, 1985).
Some of these peptides have been proposed to play
active roles in blood pressure and fluid homeostasis
and to act as physiological antagonists of the renin-
angiotensin system through receptor-mediated ac-
tions in the kidneys, adrenal glands and vasculature
(Napier et al., 1984; Bianchi et al., 1985; Cantin and
Genest, 1985).

ANF induces natriuretic and hypotensive re-
sponses in normal rats (de Bold et al, 1981), in
several models of experimentally hypertensive rats
(Garcia et al., 1985a), and in the spontaneously
(genetic) hypertensive rat (SHR) (Garcia et al,
1985b; Seymour et al., 1985). Infusion of ANF could
lower bloed pressure in SHR through a direct vaso-
dilator effect, since hypertension in this model is
associated with increased peripheral resistance (Gar-
cia et al, 1985b; Seymour et al., 1985). Altered
metabolism and secretion of ANF have been sug-
gested in SHR (Cantin and Genest, 1985).

Certain cardiovascular effects of ANF, however,
could be centrally mediated. ANF modulates vaso-
pressin secretion acting at the hypothalamic and
pituitary levels (Samson, 1985; Cantin and Genest,
1985). In the brain, there is a widespread network
of ANF-containing neurons (Jacobowitz et al., 1985;
Saper et al,, 1985). Binding sites for rat ANF (8-33)
have been recently reported in specific brain areas
(Quirton et al., 1984) such as the subfornical organ,

which is a circumventricular structure devoid of
blood-brain barrier, exposed to blood-borne pep-
tides, and involved in blood pressure regulation
(Mangiapane and Simpson, 1980; Lind et al., 1983;
Bruner et al., 1985) and vasopressin secretion (Simp-
son, 1981; Mangiapane et al., 1984),

We have utilized quantitative autoradiographic
techniques coupled to computerized microdensito-
metry (Israel et al, 1984) to characterize binding
sites for '*I-labeled rat atrial natriuretic peptide (6-
33) (rANP) in specific brain areas of SHR and their
normotensive controls, Wistar-Kyoto rats (WKY).
rANP closely resembles rat ANF (8-33) containing
at the N terminus only two aminoacids more (Ser-
Leu) than this peptide (Flynn et al., 1983).

Methods

Groups of six 19-week-old male SHR and WKY rats
(Taconic Farms) were housed at a constant temperature
with lights on from 6 a.m. to 6 p.m., and were given free
access to food and water. Blood pressures were measured
one day before they were killed, by an indirect tail cuff
method using a Programmed Sphingomanometer {(Narco
Biosystems, Inc.); these pressures were 125 + 10 mm Hg
for WKY and 194 + 12 mm Hg for SHR (P < 0.01). The
rats were killed by decapitation between 9 a.m. and 11
am., and their brains were immediately removed and
frozen by immersion in isopentane (—30°C). Within 24
hours of sacrifice, tissue sections (16 um) were cut in a
cryostat at —14°C, thaw-mounted onto subbed glass
slides, and placed under vacuum at 4°C until incubation.



390

Rat atrial natrjuretic peptide (6-33) (t ANP)-binding sites
were labeled in vitro by incubation with (3-['°1}-
iodotyrosyl®®) rANP (specific activity 1750 Ci/mmol,
Amersham Corporation). Consecutive tissue sections were
preincubated at 20°C for 15 minutes in 50 mw Tris-HCl
buffer, pH 7.4, and were incubated for 60 minutes at room
temperature in 50 mm Tris-HCl buffer, pH 7.4, containing
100 mum NaCl, 5 mm MgCl,, 0.5% bovine serum albumin,
40 pg/mi bacitracin, 4 ug/ml leupeptin, 2 ug/ml chymos-
tatin, 0.5 wg/ml phenylmethylsulfonyl-fluoride (PMSE)
{Quirion et al., 1984), and 'I-TANP in concentrations
ranging from 10 to 400 pm. Nonspecific binding was
determined in consecutive sections in the presence of
unlabeled rANP ({atrial peptide, rat, 28 aminoacids, Pen-
insula Laboratories, Inc.), in concentrations ranging from
0.025 to 1 gm. After incubation, the slides were washed
three mes (2 minutes each} in Tris-HC1 buffer at 4°C and
dried under a cold stream of air. Quanktification of rANP-
binding sites was performed by autoradiography with
[*H]-Ultrofilm (LKB Industries) computerized microdensi-
tometry, and comparison to 'l standards (Israel et al.,
1984},

Binding data were calculated and Scatchard plots were
produced with the LIGAND program (Munson, 1983). All
data were presented as the mean # sem. Stabistical differ-
ences between groups were analyzed by Student’s {-test.

Results

Saturable, single-class binding sites for **I-TANP
were localized in the subfornical organ and in the
choroid plexus (Table 1; Figs. 1 and 2). Nonspecific
binding was less than 30% of total binding (Fig. 1).
The addition of unlabeled rANP or ANF (8-33)
resulted 1n a displacement of more than 80% of the
'®1-rANP binding (results not shown).

Scatchard analyses were performed, using consec-
utive sections from individual brains. The results
obtained for maximum binding capacity (Bma.) and
affinity constant (K,) are summarized in Table 1 and

TaBLE 1
Rat Atrial Natriuretic Peptide (6-33)-Binding Sites in
Spontaneously Hypertensive Rats

Binding capacity Binding affinity

{(Brmax) (Ka)
Area (fmol/mg protein)  (x10°m™")

Subfornical organ

WKY (7) 1243 £ 107 11.10 £ 1.67

SHR (6) 61.7 £ 8.9% 4.25 = 0.55*
Choroid plexus

WKY (7) 173.6 + 228 7.60+ 206

SHR (5} 72.8 + 10.5% 6.28 + .82
Olfactory bulb

WKY (6) 815292 5.02x0.60

SHR (6) 870 +8.7 6.13 =091
Paraventricular nucleus

WKY (5) 25034 11.20 £ 1.65

SHR (5) 282 +59 g6d4+1.23

Values represent mean * sem; number ol animals given in
parentheses. Complete Scatchard plots were determined using
consecutive sections from each animal (see Methods).

* P < 0.01 (Student’s f test).
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FIGURE 1. Autoradiographic localization of "I rANP-binding sites
i coronal sections at the level of the rat subformical ergan. The
sections were incubated in the presence of 0.3 nM **°I-rANP and
exposed for 2.5 days to tritium-labeled Ultrafilm. Arroics point fo the
subfornical organ and o the cheroid plexus. Upper level: a section
front a Wistar-Kyoto rat, Middle level: a section from a SHR. Loiwer
level: monspecific binding determined in a section from a Wistar-
Kyote ral incubated as above, plus addition of 0.75 usm uniabeled
rANP.

Figure 2. In the subfornical organ, SHR had a much
lower concentration of binding sites than their nor-
motensive controls. The affinity of the binding sites
for **I-tANP was also lower in the subfornical
organ of SHR. In the choroid plexus, SHR had much
lower concentrations of rANP-binding sites than
WKY rats, but the binding affinities were not signif-
icantly different. In contrast, no differences in con-
centration or affinity of rANP-binding sites between
S5HR and WKY were found in the olfactory bulb or
in the hypothalamic paraventricular nucleus (Table

1).
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CHORQID PLEXUS

FIGURE 2. Scatchard analysis of specific
5I_rANP binding to ra! subfornical organ
and choroid plexus. Tissue sections from
single rats were incubated as described in
Methods. Data represent a fypical experi-
ment which was replicaled five to seven
times per group (see Table 1). Closed circles:
WKY rats. Open circles: SHR. Correlation
coefficients (r) are: subfornical organ, WKY:
0.869, SHR: 0.854; choroid plexus: WKY:
0.959, SHR: 0.729.
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Discussion

Our results provide a precise quantification and
characterization of rANP-binding sites in the rat
brain. The subfomnical organ, the choroid plexus,
and the olfactory bulb were the only forebrain areas
to exhibit large numbers of rANP-binding sites. This
distribution is in agreement with previous observa-
tions of high levels of binding sites for a related
peptide, (synthetic ANF 8-33) in the same brain
areas (Quirion et al., 1984). rANP-binding sites were
also found in the area of postrema, as reported
earlier (Quirion et al, 1984). However, technical
limitations prevented us from obtaining reliable es-
timates of binding site kinetics in this area. In addi-
tion, low concentrations of rANP-binding sites were
found in the hypothalamic paraventricular nucleus,
an area where ANF 8-33-binding sites have not
been reported previously (Quirion et al., 1984).

Both the subfornical organ and the choroid plexus
contain a single class of saturable, high affinity,
specific rANP-binding sites. The subfornical organ
lacks a blood-brain barrier, and its TANP-binding
sites are exposed to fluctuations in blood levels of
the peptide. Presently, it is not known if these
binding sites are physiologically active receptors. 1f
they are, the subfornical organ could represent a
target site for blood-borne rANP.

The subfornical organ sends projections to the
hypothalamus, and especially to the anteroventral
3rd ventricle (AV3V) region, an area critical for the
development and maintenance of experimental hy-
pertension, as well as fluid and electrolyte balance
(Hartle and Brody, 1984). This area contains the
largest accumulation of ANF-positive cells in the
brain (Jacobowitz et al., 1985; Saper et al., 1985).
Thus, rANP-binding sites in the subfornical organ
could represent the anatomical link between the
peripheral and central ANF systems.
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Decreased number and affinity of rANP-binding
sites could be related to the increased blood pressure
in SHR. ANF has been reported to decrease vaso-
pressin release through a central mechanism (Sam-
son, 1985) and decreased brain rANP-binding sites
could be related to the increased blood vasopressin
levels reported in SHR (Crofton et al, 1978). In
addition, a decreased number of rANP-binding sites
in the subfornical organ could modify the function
of angiotensin in this area. The subfornical organ
contains large numbers of angiotensin 11 receptors
(Israel et al., 1984; Mendelsohn et al., 1984), and
stimulation of these sites results in increased blood
pressure (Phillips, 1978; Simpson, 1981). A physio-
logical antagonism between ANF and the angioten-
sin system in peripheral tissues has been proposed
{Cantin and Genest, 1985),

The presence of '®l-rANP-binding sites in the
choroid plexus suggests a possible role of this or
other ANF-related peptides in the control of jon
fluxes across the brain-cerebrospinal fluid barrier.
The alterations in rANP binding observed in SHR
indicate the possibility for a role for ANF-related
peptides at the choroid plexus level in the mainte-
nance of genetic hypertension.

The present data provide the first demonstration
of differences in the concentration of rANP-binding
sites in brain areas of normotensive and genetically
hypertensive rats. Our results support the hypothe-
sis of an altered ANF system in this model of genetic
hypertension. SHR present a decreased cardiac atrial
content of ANF (Sonnenberg et al., 1985) and in-
creased blood levels of the peptide (Cantin and
Genest, 1985). Our findings of decreased brain
rANP-binding sites could be interpreted as a down-
regulation of central binding sites or as a primary
alteration leading to a secondary increased release
of the peptide into the circulation.



392

Dr. Israel is affiliated with the Facultad de Farmacia, Universidad
Central de Venezuela, Caracas, Venezuela.

Dr. Fuchs is affiliated with the German Primate Center, Kellnerweg
4, 3400 Gottingen, G.F.R

Address for reprints: Dr. Juan M. Saavedra, Unit of Preclinical
Neuropharmacology, Section on Clinical Pharmacology, Laboratory
of Clinical Science, N.1.M.H., 9000 Rockville Pike, Building 10, Room
2D-45, Bethesda, Maryland 20892

Received September 27, 1985; accepted for publication December
10, 1985.

References

Bianchi C, Gutkowska ], Thibault G, Garcia R, Genest ], Cantin
M (1985) Radivautographic localization of '**]-atrial natriuretic
factor (ANF) in rat tissues. Histochemistry 82: 441-452

Bruner CA, Mangiapane ML, Fink GD (1985} Subfornical organ.
Does it protect against angiotensin Il-induced hypertension in
the rat? Circ Res 56: 462—466

Cantin M, Genest ] (1985) The heart and the atrial natriuretic
factor. Endocrine Rev 6: 107-127

Crofton JT, Share L, Shade RE, Allen C, Tarnowski D (1978)
Vasopressin in the rat with spontaneous hypertension. Am ]
Physiol 235: H361-H366

de Bold A], Borenstein HB, Veress AT, Sonnenberg H (1981) A
rapid and potent natriuretic response to intravenous injection
of atrial myocardial extract in rats. Life Sci 28: 89-94

Flynn TG, de Bold ML, de Bold AJ (1983} The aminoacid sequence -

of an atrial peptide with potent diuretic and natriuretic prop-
erties. Biochem Biophys Res Commun 117: 859-865

Garcia R, Thibault G, Gutkowska ], Hamet P, Cantin M, Genest
] (1985a) Effect of chronic infusion of synthetic atrial natriuretic
factor {ANF 8-33) in conscious two-kidney, one-clip hyperten-
sive rats, Proc Soc Exp Biol Med 178: 155-159

Garcia R, Thibault G, Gutkowska ], Horky K, Hamet P, Cantin
M, Genest ] {1985b) Chronic infusion of low dosis of atrial
natriuretic factor (ANF Arg 101-Tyr 126) reduces blood pres-
sure in conscious SHR. without apparent changes in sodium
excretion. Proc Soc Exp Biol Med 179: 396-401

Hartle DK, Brody M] {1984) The angiotensin Il pressor system of
the rat forebrain. Circ Res 54: 355-366

Israel A, Correa FMA, Niwa M, Saavedra JM (1984) Quantitative
determination Jf angiotensin 1I binding sites in rat brain and
pituitary gland by autoradiography. Brain Res 322: 341-345

Jacobowitz DM, Skofitsch G, Keiser HR, Eskay RL, Zamir N
(1985) Evidence for the existence of atrial natriuretic factor-

Circulation Research/Vol. 58, No. 3, March 1986

containing neurons in the rat brain. Neuroendocrinology 40:
92-94

Lind RW, Ohman LE, Lansing MB, Johnson AK {1983) Transec-
tion of subfornical organ neural connections diminishes the
pressor Tesponse to intravenously infused angiotensin II. Brain
Res 275: 361-364

Mangiapane ML, Simpsen JB (1980) Subfornical organ: forebrain

r site of pressor and dipsogenic action of angiotensin Il. Am ]
Physiol 239; R382-R389

Mangiapane ML, Thrasher TN, Keil LC, Simpson |B, Ganong WF
(1984) Role for the subfornical organ in vasopresin release.
Brain Res Bull 13; 43-47

Mendelsohn FAQO, Quirion R, Saavedra JM, Aguilera G, Catt K]
(1984) Autoradiographic localization of angiotensin Il receptors
in rat brain. Proc Natl Acad Sci USA 81: 1575-1579

Munson PJ] (1983) Ligand: A computerized analysis of ligand
binding data. Methods Enzymol 92: 543

Napier MA, Vandlen RL, Albers-Schonberg G, Nutt RF, Brady S,
Lyle T, Winquist R, Faison EP, Heinel LA, Blaine EH (1984)
Specific membrane receptors for atrial natriuretic factor in renal
and vascular tissues. Proc Natl Acad Sci USA 81: 5946-5950

Phillips M1 (1978) Angiotensin in the brain. Neuroendocrinology
25: 354-377

Quirion R, Dalpe M, De Lean A, Gutkowska ], Cantin M, Genest
] (1984) Atrial natriuretic factor (ANF) binding sites in brain
and related structures. Peptides 5: 1167-1172

Samson WK (1985) Atrial natriuretic factor inhibits dehydration
and hemorrhage-induced vasopressin release. Neuroendocri-
nology 40: 277-279

Saper CB, Standaert DG, Currie MG, Schwartz D Geller DM,
Needleman P (1985) Atriopeptin-immunoreactive neurocns in
the brain: presence in cardiovascular regulatory areas. Science
227: 1047-1049

Seymour AA, Marsh EA, Mazack EK, Stabilito Il, Blaine EH
{1985) Synthetic atrial natriuretic factor in conscious normoten-
sive and hypertensive rats. Hypertension 7 [Suppl I]: 35-42

Simpson JB (1981) The circumventricular organs and the central
actions of angiotensin. Neuroendoctinology 32: 248-256

Sonnenberg H, Milojevic 5, Chong CK, Veress AT (1983) Atrial
Natriuretic factor: Reduced caridac content in spontaneously
hypertensive rats. Hypertension 5: 672675

INDEX TERMS: Atrial natriuretic factor « Circumventricular or-
gans = Genetic hypertension * Cardiovascular control *+ Receptor
autoradiography



