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Abstract

Angiotensin Il (Ang 1) stimulates water and saline intakes when injected into the brain of rats.
This arises from activation of the AT, Ang Il receptor subtype. Acute repeated injections,
however, decrease the water intake response to Ang Il without affecting saline intake. Previous
studies provide evidence that Ang ll-induced water intake is mediated via the classical G protein
coupling pathway, whereas the saline intake caused by Ang Il is mediated by an ERK 1/2 MAP
kinase signaling pathway. Accordingly, the different behavioral response to repeated injections of
Ang Il may reflect a selective effect on G protein coupling. To test this hypothesis, we examined
the binding of a radiolabeled agonist (12°I-sarcosine! Ang 1) and a radiolabeled antagonist (12°I-
sarcosinel, isoleucine® Ang I1) in brain homogenates and tissue sections prepared from rats given
repeated injections of Ang Il or vehicle. Although no treatment-related differences were found in
hypothalamic homogenates, a focus on specific brain structures using receptor autoradiography,
found that the desensitization treatment reduced binding of both radioligands in the
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paraventricular nucleus of the hypothalamus (PVN) and median preoptic nucleus (MnPQ), but not
in the subfornical organ (SFO). Because G protein coupling is reported to have a selective effect
on agonist binding without affecting antagonist binding, these findings do not support a G protein
uncoupling treatment effect. This suggests that receptor number is more critical to the water intake
response than the saline intake response, or that pathways downstream from the G protein mediate
desensitization of the water intake response.
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1. Introduction

Angiotensin Il (Ang Il) potently stimulates drinking behavior. Repeated injections of Ang Il
have different effects, dependent upon the timing of the injections. Specifically, daily
injections of Ang Il or continuous infusion over days sensitizes its dipsogenic and
natriorexigenic potencies (Bryant et al., 1980; Moellenhoff et al., 2001; Pereira et al., 2010),
but acute repeated injections within a shorter timeframe desensitize the water intake
response normally observed after Ang Il injection (Quirk et al., 1988; Torsoni et al., 2004;
Vento and Daniels, 2010a; Vento and Daniels, 2012; Vento et al., 2012). Interestingly, the
behavioral desensitization caused by acute repeated injections of Ang Il is selective to the
water intake effects of the peptide, with no observed desensitization of saline intake (Vento
and Daniels, 2010a). This is potentially informative because previous studies using cell
culture models suggested that the mechanism of desensitization relied heavily on receptor
internalization (Hein et al., 1997; Mehta and Griendling, 2007; Thomas et al., 1998);
however, this internalization would likely affect intake of both saline and water, since the
receptors would no longer be able to bind extracellular Ang II.

Another mechanism of desensitization involves the dissociation of G proteins from G
protein-coupled receptors in response to agonist binding (Bonde et al., 2010; Crane et al.,
1982; Poitras et al., 1998; Speth and Kim, 1990). In such cases not only is there a loss of
connectivity with the G protein transducer, there is also a reduction in agonist binding
affinity (Crane et al., 1982; Glossmann et al., 1974; Rodbell et al., 1971; Speth and Kim,
1990).

By examining the binding of an agonist angiotensin analog 12%I-Sar! Ang II, versus a
classical antagonist angiotensin analog, 12°1-Sar?,11e8 Ang I, it should be possible to
determine whether the desensitization of the dipsogenic response to intracerebroventricular
(ICV) Ang Il (Vento and Daniels, 2010a) occurs via uncoupling of the G protein
(decreased 1251-Sar! Ang 11 binding with no change in 1251-Sarl,lle8 Ang 11 binding) or a G
protein-independent mechanism. Possibilities for G protein-independent mechanisms
include receptor internalization, in which case both the agonist and antagonist radioligand
binding should decrease, or a decrease in signaling pathways downstream from the G
protein, in which case radioligand binding may not change. The present studies used this
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strategy to test the hypothesis that changes in G protein coupling are responsible for the
behavioral effects of repeated injections of Ang II.

2. Results

A two-way repeated measures ANOVA was run to determine if the repeated exposures to
Ang Il selectively reduced the binding affinity of the agonist radioligand in hypothalamic
tissue membranes (Table 1). As shown in Figure 1A, there was no reduction in radioligand
binding affinity for either the agonist or antagonist radioligand with repeated Ang 11
exposure (p>0.05). There was no significant interaction between treatment and radioligand
binding affinities (p>0.05). Binding affinity for 1251-Sarl Ang Il was significantly lower
than for 1251-Sarl, I1e8 Ang Il independent of treatment (p=0.0149).

Bmax Values for radioligand binding in the hypothalamic tissue membranes are shown in
Figure 1B. Although the mean decrease in Bpax in the desensitized group was
approximately 33%, this was not statistically significant using a two-way repeated measures
ANOVA (p>0.05). There was a significant main effect of radioligand, B,y Values for 129]-
Sarl Ang Il were 65% greater than for 1251-Sarl, 11e8 Ang 1l (p=0.04), but there was no
significant interaction between treatment and radioligand (p=0.25).

Further analysis of the radioligand binding data to assess the relationship between Ky and
Bmax revealed strong positive correlations between Ky and Byyay values: R2 = 0.93, 0.76,
0.96, 0.91, (all p<0.001) for non-desensitized 12°1-Sarl Ang 11, non-desensitized 12°1-Sarl,
lle8 Ang I1, desensitized 1251-Sarl Ang 11, and desensitized 1251-Sarl, 11e® Ang 11,
respectively. To better assess differences in receptor occupancy at a physiological
concentration, a two-way ANOVA comparison was made for calculated binding values at a
radioligand concentration of 500 pM. As shown in Figure 1C, there was no difference in the
derived radioligand binding values at 500 pM between the two treatment groups (p=0.67).
Once again, there was no significant interaction between treatment and radioligand (p=0.77).
The derivation indicated that 1251-Sarl Ang I binding was lower than 1251-Sar?, 118 Ang II
binding (p=0.0022), reflecting the lower binding affinity of 12°I-Sarl Ang 1l for the AT,
receptor.

Analysis of radioligand binding to the SFO, PVN, and MnPO was determined using
quantitative densitometric in vitro receptor autoradiography. Representative images of
radioligand binding to brain sections containing the SFO and PVN and corresponding
thionin stained brain sections are shown in Figure 2 and supplementary material Figure S1.
Representative images of radioligand binding to brain sections containing the MnPO and
corresponding thionin stained brain sections are shown in Figure 3. Two-way ANOVA with
repeated measures for radioligand was used to analyze recorded values for density of
radioligand binding to AT, receptors, area delineated, and AT, receptor density times area
in the PVN, SFO, and MnPO (Table 2).

As shown in figure 4A, there was no treatment-related change in radioligand binding density
in the SFO (p>0.05). We did not find a significant interaction between radioligand and
treatment (Table 2), but there was 37% higher binding density of 1251-Sar! Ang Il compared
to 1251-Sarl, 11e8 Ang 11 resulting in a statistically significant main effect of radioligand
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(p=0.013). As shown in figure 4B, the area delineated as SFO with 125]-Sarl Ang Il was
22% smaller than that delineated for 1251-Sarl, 11e8 Ang I (p=0.026). However, there was no
significant interaction between treatment and radioligand, nor was there any significant
difference in the area delineated as SFO in the control vs desensitized group (Table 2). As
shown in Figure 4C, there was no significant difference in density times area between
treatments or between radioligands, nor was there a significant interaction between
treatment and radioligand (Table 2).

As shown in Figure 5A, there was a 24% reduction in radioligand binding density in the
PVN of the desensitized group, but this was not statistically significant (p>0.05, Table 2).
There was no significant difference in binding density between the two radioligands, nor
was there any interaction between treatment and radioligand. As shown in Figure 5B, there
was no significant difference in the area delineated as PVN in the control vs desensitized
group (p>0.05). The area delineated as PVN with 1251-Sarl Ang Il was 27% greater than that
delineated with 1251-Sarl, 11e8 Ang 11 (p=0.0024), again, with no significant interaction
between treatment and radioligand (Table 2). As shown in Figure 5C, there was a
statistically significant (p=0.023) 29% decrease in density times area (fmole/g x mm?2) in the
PVN of the desensitized group, once again, with no significant interaction between
treatment and radioligand (Table 2). There was also a significant (p=0.022) 30% increase in
density times area of 12°1-Sarl Ang 1l compared with that of 12°|-Sarl, 1le8 Ang 11 in the
PVN.

As shown in Figure 6A, there was a significant (p=0.049) 19% decrease in radioligand
binding density in the MnPO of the desensitized group compared with control with no
significant interaction between treatment and radioligand (Table 2). There was no significant
difference in binding between radioligands (p>0.05). As shown in Figure 6B, there was no
significant difference in the area delineated in the control vs desensitized groups (p>0.05)
and no significant interaction between treatment and radioligand (Table 2). There was also
no significant difference in area between radioligands (Table 2). As shown in Figure 6C,
when density times area in the control vs desensitized groups were compared, the decrease
in the desensitized group was no longer significant (p>0.05). Once again, there was no
significant interaction between treatment and radioligand in the MnPO and no significant
difference between radioligands (Table 2).

3. Discussion

Receptor desensitization appears to be a critical mechanism for the regulation of a variety of
biological functions. With respect to Ang I, receptor mutation that renders the receptor
unable to desensitize is associated with a variety of deleterious effects including renal and
cardiac fibrosis and hypertension (Billet et al., 2007). Our previous studies have developed a
model of behavioral desensitization that was hypothesized to reflect a receptor-mediated
event involving changes in G protein coupling (Vento and Daniels, 2010b). The present
studies found no evidence for differential changes in agonist versus antagonist radioligand
binding with acute repeated injections of a large dose of Ang Il (desensitization protocol),
thereby failing to support the original hypothesis. There was, however, evidence for a
reduction in AT4 receptor binding in two brain regions that are responsive to ICV Ang II:
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the PVN and the MnPO. However, membrane homogenate binding assays from the
hypothalamus did not detect a statistically significant reduction in the concentration of
receptors (Bmax) as a function of the desensitization protocol. Although our previous
studies using this approach to desensitization have focused on the drinking response to Ang
I (Vento and Daniels, 2010b; Vento and Daniels, 2012; Vento et al., 2012; Vento and
Daniels, 2014), other effects of Ang Il have received less attention. Nevertheless, the present
findings may provide important insight for future studies of other consequences of the
desensitization of Ang Il and perhaps for studies of other receptor systems.

Of the three brain areas examined autoradiographically, the PVN showed a statistically
significant reduction when density of binding times area was determined, while the MnPO
showed a statistically significant reduction when density only was determined. Thus, these
data support the hypothesis that acute repeated ICV injections of Ang Il reduce the
dipsogenic potency of Ang Il by decreasing AT, receptor availability. The extent of the
reduction in receptor binding is concomitant with the extent of the behavioral response of
reduced water drinking in response to Ang Il following the same desensitization protocol
(Vento and Daniels, 2014).

The present studies were designed to test the hypothesis that the decreased ability of Ang Il
to cause thirst after repeated injections of the peptide results from G protein uncoupling,
rather than receptor internalization. Previous studies have shown divergent signaling
requirements of Ang Il receptors for stimulation of water and saline intake, with G protein-
mediated signaling being the most critical for the water intake effects of Ang Il (Daniels et
al., 2005; Daniels et al., 2007; Daniels et al., 2009; Daniels, 2010) and G protein-
independent signaling being most critical for stimulation of saline intake. Given that the
behavioral effects of repeated injections of Ang Il reduce its ability to stimulate water intake
without altering its ability to stimulate saline intake (Vento and Daniels, 2010a), it seemed
reasonable to hypothesize that a selective effect on G protein action plays a role in the
observed tachyphylaxis.

In vitro studies using stable GTP analogs demonstrate that dissociation of the G protein from
the B-adrenergic receptors reduces G protein-coupled receptor agonist binding affinity
(Lefkowitz et al., 1976; Maguire et al., 1976). This effect also has been observed in rat
adrenal (Glossmann et al., 1974) and liver angiotensin receptors (Crane et al., 1982) which
are known to express the AT4 subtype exclusively (Speth and Kim, 1990). Accordingly, if
repeated injections of Ang Il lead to a similar G protein uncoupling, it would shift the AT
receptor to a low affinity agonist binding conformation, which would further compromise
the ability of the AT, receptor to cause thirst. However, if the ability of Ang Il to bind to the
AT receptor is diminished, it should also decrease the salt appetite response. The present
studies found no interaction between the treatment and the radioligand, and, therefore, do
not support selective effects on G protein signaling as a mechanism of the behavioral
changes observed. In fact, in the membrane homogenate studies, we observed what appeared
to be increased binding affinity after repeated Ang Il administration, although this perceived
difference was not statistically significant. As such, we conclude that G protein uncoupling
is not likely to be responsible for the observed behavioral effects of repeated injections of
Ang Il. Of note an AT receptor in which the DRY motif at the cytoplasmic junction of the
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third transmembrane spanning domain is mutated to AAY or ALY, preventing it from
binding G proteins, binds Ang Il with an affinity similar to that of wild-type AT receptors
(Feng et al., 2005; Wei et al., 2003). This observation challenges the necessity of G protein
binding to the G protein-coupled receptor for high affinity agonist binding.

There are other explanations for the occurrence of desensitization of the thirst response
without any effect on saline intake. First, it is possible that the different effect on water and
saline intakes reflects different baseline sensitivities to Ang Il. Indeed, a direct dose-
response comparison reported previously suggests that the minimum dose of ICV Ang Il
needed to generate saline intake is less than that needed to produce water intake (Daniels et
al., 2009). Accordingly, it is possible that fewer receptors are needed for the saline intake
response and, therefore, reducing the number available would have a greater impact on the
water intake response. Second, it is possible that the signaling pathway of the AT receptor
that mediates water intake is compromised; an event that can occur independently of
expression of cell surface receptors and G protein coupling. Expression of SOCS-3
(suppressor of cytokine signaling-3) is reported to be necessary for Ang ll-induced
desensitization of the water intake response, and this relies on negative feedback through the
JAK/STAT signaling pathway (Torsoni et al., 2004). Our lab has previously shown that
MAP kinase is similarly required for behavioral desensitization, and there is evidence for
MAP kinase activation of JAK/STAT signaling after Ang 11 (Bhat and Baker, 1997,
Kodama et al., 1998). Accordingly, this has led to the working hypothesis that Ang I1-
induced activation of MAPK can potentially stimulate SOCS-3 expression through
activation of the JAK/STAT pathway. SOCS-3 may then feed back to inhibit further JAK/
STAT signaling causing functional changes in Ang Il responsiveness, specifically the thirst
response mediated by the AT receptor. The saline intake response that does not desensitize
(Vento and Daniels, 2010a) could be mediated by a different pathway that is not inhibited by
SOCS-3. Further research is required to test these possiblities and to better clarify how these
intracellular signaling cascades interact.

4. Conclusion

The desensitization protocol involving repeated administration of Ang Il had limited effects
on radioligand binding to AT receptors in brain membrane homogenates. Radioligand
binding to specific brain nuclei assessed autoradiographically was moderately reduced, but
this reduction only attained statistical significance in the PVN and MnPO. The lack of an
interaction between radioligands (agonist versus antagonist) and treatments (control versus
desensitized) suggests that the desensitization protocol did not cause a conformational
change in receptor structure to effect a selective reduction in agonist binding affinity.

Desensitization of G protein-coupled receptors has been shown to occur either by
dissociation of the G protein away from the receptor with subsequent loss of signaling
capability, or by internalization via endocytosis. In the case of dissociation of the G protein
from its receptor, there should be reduced agonist, but not antagonist, binding affinity. In the
case of receptor internalization there is a non-selective reduction of both agonist and
antagonist binding with no change in binding affinities. The radioligand binding data is
consistent with the latter scenario, suggesting that the water intake response to Ang Il is
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more dependent on the number of AT receptors than the saline intake response. However,
alterations in downstream signaling mechanisms of the G protein coupled response cannot
be eliminated as the mechanism(s) of desensitization.

5. Experimental Procedures

5.1 Animals

5.2 Surgery

Male Sprague Dawley rats (175-199g upon arrival from breeder) were obtained from Harlan
Laboratories (Indianapolis, IN) and were housed individually in hanging steel wire-mesh
cages in a temperature- and humidity-controlled room. Rats were given ad libitum access to
food and water unless otherwise stated. All experimental procedures were approved by the
Institutional Animal Care and Use Committee of the State University of New York at
Buffalo and Nova Southeastern University.

No fewer than 5 days after arrival from breeder, rats were anesthetized by intramuscular
injection of a combination of ketamine (70 mg/kg) and xylazine (5 mg/kg) and their heads
were fixed in a stereotaxic apparatus. A small incision was made in the scalp and burr holes
were drilled in the skull. A guide cannula (33 gauge, Plastics One, Roanoke, VA) aimed at
the lateral cerebral ventricle (coordinates: 0.9 mm posterior to bregma, 1.4 mm lateral to the
mid-line, 1.8 mm ventral to the dura) was implanted and affixed to the skull using bones
screws and dental cement. Carprofen (5mg/kg; s.c.) was given after surgery to minimize
pain and swelling. Rats were given no fewer than 5 days to recover from surgery before
testing began. Proper cannula placement was assessed by administering a single injection of
Ang 1 (10ng/1pl; Biochem Bioscience Inc., King of Prussia, PA) through the cannula aimed
at the lateral ventricle. Only rats that consumed at least 6 ml of water in the 30 min after
Ang Il injection were included in subsequent experiments.

5.3 Drug injections and treatment protocol

All icv injections were made through an injector cannula (26 gauge, Plastics One, Roanoke,
VA) using a 2 ul Hamilton syringe (Hamilton Company, Reno, NV) attached to water-filled
PE 50 tubing. The injector was left in place for approximately 30 sec after injection to allow
for diffusion of drug. Rats were given a treatment regimen comprising three injections of
either Ang I1 (300 ng/1 ul in TBS) or vehicle (1 ul TBS), with each injection separated by 20
min. Food and water were removed immediately prior to the first treatment regimen
injection. Eighteen minutes after the final treatment regimen injection, rats were
anesthetized by inhaled isoflurane, and 2 min later (20 min after final treatment regimen
injection), rats were killed by decapitation, and the brains were rapidly removed and frozen
in 2-methylbutane on dry ice. Brains were stored at —80° C for later analyses.

5.4 Materials

125)_sarl Ang Il and 1251-Sar,11e8 Ang Il were prepared using the chloramine T procedure
(Hunter and Greenwood, 1962) with HPLC purification to theoretical specific activity (2175
Ci/mmole) as described (Speth and Harding, 2001). Ang Il was obtained from Phoenix
Pharmaceuticals or American Peptides; PD123319 from Tocris; phenylmethylsulfonyl
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fluoride (PMSF), O-phenanthroline, EDTA, NaCl, and bacitracin were obtained from Sigma
Chemical Company or Fisher Scientific.

5.5 Radioligand binding assays

The hypothalamus was dissected from the frozen brain as described elsewhere (Glowinski
and Iversen, 1966). The hypothalamus was weighed, placed in 25 ml of ice-cold hypotonic
buffer (20 mM NaPOQy, pH 7.1-7.2, homogenized (Tissumizer) for 10 sec, centrifuged at 4°
C for 20 min at 48,000 x g. The supernatant was discarded and the membrane pellet was
resuspended in a buffer containing 150 mM NaCl, 5 mM EDTA, 0.1 mM bacitracin, and 50
mM NaPOQOy, pH 7.1 - 7.2, rehomogenized and recentrifuged as before. The supernatant was
again discarded and the membrane pellet was resuspended by homogenization in 9-23
volumes (w/v) of the previous buffer. PD123319 (10 uM, to saturate AT, receptors), PMSF
(100 uM) and O-phenanthroline (100 uM) were present in the final tissue homogenate.

Radioligand binding assays were carried out at ~ 23° C for one hour in a volume of 100 pl
with 6 different concentrations of radioligand ranging from 0.2 to 4 nM in the presence or
absence of 3 UM Ang Il to define non-specific and total binding so as to derive a value of
specific binding to AT, receptors. Membrane-bound radioligand was collected on GF/B
filters using a Brandel Cell Harvester and the filters were assayed for iodine-125 in a gamma
counter. The Kp and Bnax Values were derived from the specific bound and free radioligand
concentration using a one-site saturation curve-fitting algorithm (Prism, Graphpad
Software).

Brain sectioning and receptor autoradiography were carried out as described previously
(Speth et al., 1999) using 500 pM concentrations of either 12°|-Sar! Ang II or 1251-Sarl, |18
Ang Il in the presence or absence of 3 UM Ang Il to define non-specific binding, except that
10 uM PD123319 was present to saturate AT, receptors, such that only ATq receptors were
able to bind the radioligands. Densitometric analysis of radioligand binding to rat brain
regions was carried out on scanned images of the autoradiography films using MCID
(Interfocus Imaging, Ltd.). Radioactive exposure was calibrated for using a set of iodine-125
standards (ARI 0133, American Radiolabeled Chemicals).

To assess radioligand binding in the paraventricular hypothalamus (PVN) and subfornical
organ (SFO), a freehand line circumscribing the region of high binding density
corresponding to the brain region as seen in an adjacent thionin stained section was drawn.
For measurement of radioligand binding to the median preoptic nucleus (MnPO), a
rectangular sampling tool corresponding to the histologically identified MnPO at Bregma
was used. The circumscribed area was assessed densitometrically for average optical density
and scan area. Four (PVN, MnPQ) or three (SFO) successive brain sections were measured
for each brain for total binding and non-specific binding. The average specific binding
density, scan area, and specific binding times area values were determined and recorded for
each brain. Measurements of radioligand binding were determined without knowledge of the
treatment groups to minimize subjective error.
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5.6 Statistical analysis

Comparison of Byax (fmoles/mg initial wet weight) and Ky (unit) values between groups
were made using repeated measures two-way analysis of variance (ANOVA) for radioligand
and treatment (Ang Il or vehicle). Pairing was made for radioligand and treatment since the
membrane homogenate for each brain was evaluated with both 1251-Sarl Ang Il and 1251-
Sarl, 11e8 Ang I1. One desensitized and one control brain were analyzed at the same time.
Comparisons of radioligand binding to the PN, MnPO and SFO were also made using a
repeated measures two-way ANOVA for radioligand. Pairing was made for radioligand
since adjacent sections for each brain were evaluated with both 125|-Sar! Ang Il and 125]-
Sarl, 11e8 Ang I1. Values are presented as mean + S.E.M. Significance level was set at
p<0.05.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Comparison of agonist radioligand (12°1-Sar! Ang 11) and antagonist radioligand (}251-
Sarl,1le8 Ang Il) binding to hypothalamic membranes from “desensitized” and “non-
desensitized” rat brains

Panel A describes the average dissociation constant (Kp) of the radioligands for binding to
the hypothalamic membranes for the two different treatment groups. Panel B describes
maximal binding (Bpax) of each of the radioligands to the two different groups. Panel C
describes the derived values for radioligand binding at 500 pM concentration (to be
representative of physiological levels of Ang Il that the receptors might be exposed to)
based on the average Kp and Bhax Values for each radioligand and treatment group. Values
shown are mean + S.E.M. n = 11.
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Figure 2. Representative images of radioligand binding to coronal sections of rat forebrain at the
anterior-posterior axis encompassing the subfornical organ and paraventricular nucleus of the
hypothalamus, ~ 1.5 mm caudal to Bregma

Top panels indicate thionin-stained sections from a vehicle treated and “desensitized” rat
brain adjacent to brain sections incubated with radioligand. Middle and bottom panels show
film images of 12°I-sarl Ang 11 (SAR) and 125]-sarl,11e8 Ang 11 (SI) binding, respectively, to
AT/ receptors of a vehicle treated (left panels) and “desensitized” (right panels) rat brain.
Slides used for receptor autoradiography were incubated with 10 uM PD123319 to saturate
AT2 receptors. Calibration scales on each film image were derived from the increase in film
exposure caused by calibration standards with increasing known amounts of 1251. The
subfornical organ and paraventricular nucleus of the hypothalamus are clearly apparent as
intensely labeled midline structures represented in the dorsal and ventral regions of the brain
sections, respectively.
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Figure 3. Representative images of radioligand binding to coronal sections of rat forebrain at ~
Bregma, showing the median preoptic nucleus just anterior to the crossing of the anterior
commissure

Top panels indicate thionin-stained sections from a vehicle treated and “desensitized” rat
brain adjacent to brain sections incubated with radioligand. Middle and bottom panels show
film images of 12°I-sarl Ang 11 (SAR) and 125|-sarl,11e8 Ang 11 (SI) binding, respectively, to
AT receptors of a vehicle treated (left panels) and “desensitized” (right panels) rat brain.
Slides used for receptor autoradiography were incubated with 10 uM PD123319 to saturate
AT receptors. Calibration scales on each film image were derived from the increase in film
exposure caused by calibration standards with increasing known amounts of 1251. Arrows
point to the median preoptic nucleus.
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Figure 4. Graphical representation of specific AT receptor binding to the subfornical organ
(SFO) of vehicle treated control and “desensitized” rat brains

Panel A shows the density of binding within the circumscribed area defined as the SFO.

Panel B shows the area that was circumscribed as the SFO where there was a high

expression of AT, receptor binding. Panel C shows a density times area analysis of the SFO.
As described in Table 2, there were statistically significant changes in binding density and

area of binding assayed between the agonist radioligand (SAR) compared with the

antagonist radioligand (SI) regardless of treatment. However when density times area values
were compared there were no statistically significant differences between radioligands.

Values are mean + S.EM.n=5
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Figure 5. Graphical representation of specific AT4 receptor binding to the paraventricular
nucleus of the hypothalamus (PVN) of vehicle treated control and “desensitized” rat brains

Panel A shows the density of binding within the circumscribed area defined as the PVN.
Panel B shows the area that was circumscribed as the PVVN where there was a high
expression of AT; receptor binding. Panel C shows a density times area analysis of the
PVN. As described in Table 2, there were statistically significant differences in area of
binding assayed and density times area between radioligands regardless of treatment as well
as in density times area measurements between treatment groups. Values are mean + S.E.M.
n = 5. * p<0.05.
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Figure 6. Graphical representation of specific AT receptor binding to the median preoptic

nucleus (MnPO) of vehicle treated control and “desensitized” rat brains

Panel A shows the density of binding within the circumscribed area defined as the MnPO.

Panel B shows the area that was circumscribed as the MnPO where there was a high

expression of AT, receptor binding. Panel C shows a density times area analysis of the
MnPO. As described in Table 2, there was a statistically significant difference in binding

density between treatment groups. Values are mean = S.E.M. n = 5. * p<0.05.
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Statistical Analysis of Radioligand Binding Assays of Hypothalami from Angiotensin Il Desensitized and

Control Brains.

Condition Kg Bmax Bound
SAR Control 3.94+12 823 £ 220 100+8.3
SAR Desensitized ~ 1.93 +0.55 476 + 120 96 +5.6
Sl Control 1.21+0.23 425+ 75 121 +10
S| Desensitized 0.96 + 0.16 360 £ 60 119+8.1
F values

Treatment F1,10=3.35 F1,10=555 F1,10=0.20
Radioligand F1,10=8.62 F1,10=339 F1,10=16.6
Interaction F1,10=2.10 F1,10=152 F1,10=0.09
P values

Treatment 0.0973 0.0955 0.6668
Radioligand 0.0149 0.0403 0.0022
Interaction 0.1784 0.2461 0.769

Bolded values are statistically significant (p < 0.05). SAR, 1255471 Ang Il; SI, 125I-Sarl,lle8 Ang 1.
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