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8264 8267, l985.-Angiotensin II (ANG II) ¡ecepto¡s were
quantitated in pituitary glands of individual male Long Evans
rats by autoradiography after incubation of8-pm thick pituitary
sections with r'z5I-[Sarr]ANG II. Rat ante¡ior pituitary had a
single class of high-affinity saturable ANG II receptors with a
-B.". of 1,360 i 109 fmol/mg protein and a K, of 0.510 t 0.03
x 10'g M-r. Five days of water deprivation produced a marked
increase in the number of anterior pituitary ANG II receptors
(B-""12,428 i 233 fmol/mg protein, a 79% increase, P < 0.001)
and a decrease in affinity for the ligand (K,:0.337 a 0.01 10'g

M 1, a 34% decrease, P < 0.05). Ou¡ results suggest a role fbr
anterior pituitary ANG II receptors in the regulation of fluid
and elect¡ol,te metabolism in the ¡at.

dehydration; angiotensin II binding sites; angiotensin II rccep-
tors autoradiography; neuropeptide receptors autoradiography

ANGIoTENSTN II (ANG rr) has marked effects on the
release of hormones from the anterior pituitary gland (3,
9,79, 20,24). Some of these actions may be mediated, at
least in part, by specific receptors located in anterior
pituitary cells (17). ANG II receptors have been charac-
terized in ¡at anterior pituitary membrane preparations
(4, 72,'1.4,22) and in dispersed anterior pituitary cells
(4).

We studied the regulation of anterior pituitary ANG
II receptors after water deprivation, a state resulting in
a substantial elevation of circulating ANG II levels (11)
and in alterations of ANG II receptors in brain and
peripheral tissues (12). We used a newly developed quan-
titative autoradiographic method that allows the com-
plete kinetic analysis and characte¡ization of receptors
for neuropeptides in single rat pituitary glands (6, 7).

MATERIALS AND METHODS

Animals. Male 24-wk-old Long Evans rats were pur-
chased from BIue Spruce Farms, Altamont, NY, and
were housed at a constant temperature of 24'C, with
lights on from 06:00 to 18:00 h. Rats were randomly
divided into two groups, one given free access to tap
water and rat chow and another water deprived for 5
days.

Determination of ANG II receptor binding W autora-
díography. Rats were killed by decapitation between
8264

09:00 and 11:00 h, and pituitary glands were immediately
removed and frozen by immersion in isopentane ai
-30"C. Frozen 8-pm thick sections were cut in a crvostat
at -14 "C, less than 24 h after killing. thaw mounteá onro
subbed glass slides, desicated under vacuum at 4"C for 2
h, and kept at -20"C until incubation. Within 48 h afrer
section preparation, binding sites for ANG II were Ia-
beled in vit¡o by incubation with 1,sI-[Sarr]ANG II (a
g^i& flog Dr. M. Khosla, Cleveland Clinic, Cleveland,
OH; iodinated by a modified cloramine-T method ai
Melloy-Laboratories, Springfreld, VA; specific activity,
1,666 Ci/mmol). Tissue sections were preincubated fór
15 min at 20"C in 5 ml of 10 mM sodium phosphate
buffer, pH 7.4, containing NaCl (120 mM.¡, ña, EDTA
(5 mM), bacitracin (0.1 mM), and bovine se¡um albumin
(0.2%) and, then incubated for 60 min i;r fresh buffer
with concentrations of 1,5I-[Sar1]ANG II f¡om 25 pM io
10 nM. Nonspecific binding was determined in thé pres-
ence of unlabeled ANG II (Sigma Chemical, St. Louis,
MO) in concentration ranging from 0.125 to 50 pM. After
incubation, the slides were washed four times (60 s each)
with ice-cold 50 mM Tris-HCI buffer, pH 7.56, and dried
under a cold stream of ai¡. Sets of 125I standards were
prepared as desc¡ibed (6, 7).

Incubated tissue sections and 125I standards were
placed in cassett€s (CGR Med. Baltimore, MD) and
opposed against [3H]ultrofilm (LKB Instruments, Rock-
ville, MD) at room temperature fo¡ 1 dav (concentrations
from 0.625 to 10 nM) or 2 days (concentrations from 30
to 300 pM). The films were developed at 20'C for 4 min
with undiluted D19 Kodak developer, and optical densi-
ties were quantitated by conputerized densitometry (18,
25). The optical densities obse¡ved in the pituitary glaná
we¡e related to the concent¡ation of radioactivity présent
by comparison with standard curves generated by proc-
essing sets of slanda¡ds with each of rhe auroradióerams
{ 6. 7 ¡ and correcting by the decay factor of r2s[.

StatisticaL analysis. Analysis of binding data and Scat-
9!gd plots were performed via the computer program
LIGAND (15). Significance between groups wás deter-
mined through use of the Student's ú test.

RESULTS

High concentrations of ANG II receptors were found
in the anterior pituitary (Figs. 1 and 2). Rat anterior
pituitary presented a single class of specific, saturable,
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FIc . 1 . Auto¡adiographic image with compurerized densitometry of

angiotensin II (ANG II) ¡eceptors in pituitary gland. Let't paneL l 3,
rat pituita¡y gland incubated with 5.0, 1.25, and 0.32 nM r'5I 

[Sar']
ANG II. A¡¡o¡1i points to posterior pituits¡y lobe. .1, Adiacent section
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high-affinity ANG II receptors, with a 8-,. of 1,360 t
109 fmol/mg protein and a K. of 0.510 + 0.03 x 10'g M I

(n: 9) (Fig. 2). Nonspecific binding in anterior pituitary
was <5% of total binding (results not shown). In con
trast, the posterior pituitary presented a low density of
ANG II receptors, 100 I 12 fmol/mg protein, when
measured with a ' l-[Sar ]ANG Il concenrrarion of l0
nM.

CD#*r*
incubated with 5 nM "5I-[SaI1]ANG II and 25 ¡¡M unlabeled ANG IL
Right paneL t'?sl standards with compute¡ized densitometry. Each sec-
tion contains a different amount of radioactivity, dpm/mg of protein:
9.? (A),20.8 (B),72.8 (C),200.5 (r).5:16.1 (r). 1,008.0 lF").

FIG.2. Saturation curves and Scat
chard analvsis of specific "51-[SarL]Arr-G
II binding to rat anterior pituitary gland.
Tissue sections were incubated for 6{l
min wiih r'?sl lSar'IANG II (concentra
tions from 25 pM to 10 nM). Nonspecific
binding was determined in the pres-
ence of unlabeled ANG II ltrom 0.125 to
50 aM)- Data represent a tlT,ical expe¡-
iment that was ¡eplicated 9 times. Cl.rsed
ci¡cl¿s (a a), control ¡ats; open ci¡cles
(c.- o), water-dep¡ived rats. I¿s¿f:
Scatchard analysis of same data.
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Five days of water deprivation resulted in a large
inc¡ease in the number of ANG II receptors in the
anterior pituitary (Fig.2\ (+19%, B^"*:2,428 + 238 fmol/
mg protein, P < 0.001). In addition, the affinity constant
of ANG II receptors in the anterior pituitary was signif-
icantly decreased after water deprivation (K.:0.337 +
0.01 x 10'g M-1, -34%, P < 0.05). No changes occurred
in posterior pituitary ANG II receptors after water dep-
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rivation; their density, when incubated with 10 nM r25I-

[Sart]ANG II, was 80 t 14 fnol/rng protein.

DISCTISSION

Our results demonstrate that ANG II receptors can be
characterized by autoradiography in single-rat pituitary
glands. Rat anterior pituitary showed one class of sat-
urable high-affinity ANG II binding sites, in agreement
with prior observations (4, 12, 24). The concentration of
ANG II receptors in the anterior pituitary, however, was
several times higher than previously reported for rat
anterior pituitary membrane prepa¡ations (3-293 fmol/
mg protein) (4, 12, 24\ , and it is one of the highest ANG
II receptor concentrations in rat tissues (6,7). In con-
trast, a very low number of ANG II receptors occur¡ed
in posterior pituitary, which represented less than 10%
of the total ANG II specific binding of the anterior
pituitary.

In the anterior pituitary, ANG II receptor number is
increased aÍter prolonged water deprivation, a state as-
sociated with a severalfold increase in ANG II blood
levels (11). The increased binding capacity of anterior
pituitary ANG II receptors might serve to sensitize the
anterior pituitary to circulating ANG II and could rep-
resent an amplification mechanism of physiological im-
portance. A similar upregulation of ANG II receptors
occurs in the subfornical organ afber water deprivation
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and in the rat ad¡enal zona glomerulosa after sodium
depletion (12). In addition, anterior pituitary ANG II
receptors could be modulated by ANG II released fron
the median eminence to the portal circulation (24) or by
ANG II formed in situ by the anterior pituitary angi-
otensin system (1, 2, 18, 23).

The consequences of increased stimulation of the an-
terior pituitary by ANG II during water deprivation have
not been clarified, but this stimulation is likely to result
in increased sec¡etion of anterior pituitary hormones. In
manmals, ANG II has been found to stimulate the
release ofprolactin (3), É-endo¡phin (9), and ACTH (19),
effects probably related to ANG II binding to specific
anterior pituitary cell tlpes (17). ACTH can act syner-
gistically with ANG II in the zona glonerulosa to in-
c¡ease aldosterone secretion (25). Prolactin has been
shown to contribute to the regulation of fluid and elec-
trolyte metabolis¡n in mammals (5, 10, 16) and to act
synergistically with ANG II to cause drinking and fluid
retention (8). In addition, ANG II could be involved in
the secretion of other not fully identified factors from
the anterior pituitary, such as the recently reported
aldosterone-stimulating factor (21).
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