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ABSTRACT. There is increasing evidence that an acti-
vated intrarenal renin-angiotensin system (RAS) alters
renal hemodynamics and fluid balance and that such events
may lead to the development of hypertension. To examine
the role of the glomerular RAS in the development of
hypertension in the spontaneously hypertensive (SHR) rat,
we studied angiotensin (ANG) II receptors in isolated
glomeruli from young (4- to 5-wk-old) and adult (10- to
12-wk-old) SHR and from age-matched, normotensive
Wistar-Kyoto (WKY) rats. Glomerular ANG II receptor
density in young SHR is 3-fold higher than in age-matched
WKY rats (2033 * 154 versus 742 * 151 receptors/um?; p
< 0.05) and 1.5-fold higher than in adult SHR and WKY
rats (1128 * 85 and 1198 * 181 receptors/um?, respec-
tively; p < 0.05). Additional studies demonstrated that the
differences in receptor density are not related to disparity
in receptor occupancy and that they are also independent
of systemic ANG levels. Suppression of RAS by ANG
converting enzyme inhibitors resulted in a 3-fold increase
in receptor density in young SHR rats and a 4.5-fold
increase in young WKY rats; receptor density remained
greater in young SHR rats (5915 * 318 versus 3358 + 234
receptors/um?, p < 0.05). Furthermore, competitive bind-
ing experiments using the nonpeptide ANG II antagonists
losartan (AT,) and PD 123319 (AT,) indicate that the
greater ANG II receptor density in the young SHR rats
represents an increase in the number of a single population
of AT, receptors. We postulate that increased glomerular
ANG 1II receptor density in the young SHR rats may
contribute to the initiation of hypertension in this animal
model. (Pediatr Res 35: 671-676, 1994)
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It is has long been postulated that the kidney plays a major
role in the pathogenesis of genetic hypertension in rats (1-3).
Among the many mechanisms proposed for the role of the kidney
in the initiation of primary hypertension, several pertain to
alterations in glomerular hemodynamics. Events resulting in the
reduction of glomerular filtration surface area lead to decreased
GFR and impaired sodium excretion (1, 3) with subsequent
extracellular fluid volume expansion that could lead to the
development of systemic hypertension (4). An observation con-
sistent with this premise is that GFR (5) and water excretion (1)
are decreased in SHR compared with age-matched WKY rats
before the onset of hypertension (5).

ANG II is a major regulator of systemic and renal hemody-
namics as well as glomerular function (6, 7). ANG II activates
receptors and induces mesangial contraction (8), thereby reduc-
ing glomerular surface area, ultrafiltration coefficient, and GFR
(6). Despite similar circulating ANG II concentrations in SHR
and age-matched WKY rats (9), prior treatment with the ANG
II receptor antagonist losartan attenuates the rise in blood pres-
sure that is observed normally with age (10). We postulate that
activated glomerular ANG I receptors may account for altered
glomerular function, as reported in prehypertensive rats (1, 3-
5). Although many studies have examined glomerular ANG II
receptors in rats, only two have investigated the role of glomer-
ular ANG II receptors in the initiation of hypertension in SHR
rats (11, 12). These studies have shown that receptor density and
affinity are similar in the young SHR rats and their age-matched
controls. These investigations, however, did not characterize
glomerular ANG II receptor subtype during the development of
hypertension. Recent availability of specific nonpeptide antago-
nists has suggested that ANG II receptor subtype changes with
development (13).

The purpose of this study was to measure glomerular ANG II
receptor density and binding affinity in the young SHR rats,
evaluate their response to pharmacologic and biochemical stim-
uli, and characterize ANG II receptor subtype during the devel-
opment of hypertension. We found that the density of glomerular
ANG 1II receptors, which are primarily losartan (AT, subtype)
sensitive, is increased in 4-wk-old SHR compared with age-
matched WKY and adult SHR rats. The difference in receptor
density is not related to alterations in receptor occupancy or
circulating ANG concentration.

MATERIALS AND METHODS

Animals. Male SHR and WKY control rats were obtained at
least 3 d before study from Harlan Farms, Indianapolis, IN. The
animals were maintained on natural ingredient 4% fat rat food
(TD 170705, Tek-lad, Madison, WI) with 0.44% (0.2 mEq/g)
sodium, 0.97% potassium, and 1.85% calcium and had free
access to tap water. The four study groups consisted of young
SHR and age-matched WKY rats (4-5 wk old, 55-80 g) and
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adult SHR and WKY rats (10-12 wk old, 195-250 g). In each
experiment, five to seven young or two to four adult animals
were used. A total of 96 young SHR, 98 young WKY, 52 adult
SHR, and 61 adult WKY rats were killed. All studies outlined
were approved by the Institutional Review Board at University
of Texas Southwestern Medical Center.

Direct blood pressure was measured in one rat selected ran-
domly from each group. Blood pressure was measured within 2
d of the assay. The mean of at least six measurements recorded
5 min apart was obtained. Animals were anesthetized with an
intraperitoneal injection of 50-75 mg of pentobarbital (Abbott
Labs, North Chicago, IL) per kg of body weight, and blood
pressure measurements were obtained from a carotid artery
catheter connected to a blood pressure transducer (G23db, Sta-
tham Instruments Inc.,, Oxnard, CA) and a recorder (R611,
Beckman Instruments Inc., Schiller Park, IL). Blood pressure
was assessed in 12 young SHR, 12 young WKY, 10 adult SHR,
and 10 adult WKY rats.

Preparation of isolated glomeruli. Glomeruli were isolated by
a modification of the mechanical sieving technique described by
Fong and Drummond (14). Briefly, the animals were killed by
rapid decapitation and their excised kidneys were chilled imme-
diately in ice-cold oxygenated Krebs solution, which was used
throughout the procedure as a rinsing buffer. The renal cortex
was bisected and minced into a pastelike consistency. This ma-
terial was pressed through a 150-um bronze sieve and onto
successive sieves (180-, 106-, and 75-um openings for adults and
180-, 106-, and 53-um openings for young rats). The material
retained on the 75-um (adult) or 53-um (young) sieve was placed
in a 50-mL siliconized conical tube and centrifuged four times
at 120 x g for 3 min. The glomeruli obtained were resuspended
in incubation medium. The incubation medium contained 20
mM sodium phosphate, 125 mM sodium chloride, 5 mM mag-
nesium chloride (pH 7.4), 125 ug/mL 1-24 ACTH, and 2 g/dL
BSA. ACTH was added to prevent ANG Il degradation (15, 16).
Recent studies in rat brains showed that ANG Il receptors (AT))
increased 2.3-fold when peptidase inhibitors were used during
incubation (17). Aliquots of the final glomerular preparation
were examined by light microscopy to verify purity (>90%). The
average time needed for glomerular isolation was 45 min. The
suspension of isolated glomeruli from each experiment was ad-
justed to a standard amount of protein (10-50 ug/mL) using the
method of Lowry et al. (18).

Glomerular morphometrics. Aliquots of glomerular suspension
were obtained from each experiment for measurement of planar
surface area. Forty ul of glomerular suspension, containing
around 200 glomeruli, were placed on glass slides with con-
structed walls to create a well to prevent distortion when covered
with 22 X 22-mm coverslips. Glomerular diameter was measured
in the horizontal plane using a 400X light microscope fitted with
a micrometer. An average of three measurements of the diameter
were obtained. Glomerular surface area (SA) was calculated using
the following formula: SA = 4.7, where r = mean glomerular
radius. Glomerular specimens were blinded to avoid sizing bias.

Systemic ANG II concentration in unrestrained awake rats.
With the rats under ether anesthesia, a silicone elastomer medi-
cal-grade tube (0.05 cm inner diameter, 0.09 cm outer diameter)
was implanted into the right external jugular vein as previously
described by Harms and Ojeda (17). After surgery, the catheter
was filled with heparinized saline (250 U/mL). Three to 4 d later,
and 2 h before the time of blood sampling, a 15-cm long segment
of PE-50 tubing was attached by a 23-gauge stainless steel con-
nector to the free end of the cannula and was allowed to hang
outside the cage, thus creating enough slack on the tubing to
prevent the animal from damaging the catheter. Without dis-
turbing the animal, 0.5 mL of blood was withdrawn into a chilled
plastic syringe and was placed in a cold, siliconized, polypropyl-
ene tube containing 7.5 uL. of 125 mM disodium EDTA and 7.5
gL of 25 uM chymostatin. The blood was centrifuged immedi-
ately at 4°C, and the plasma was separated and stored at —70°C.
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ANG peptides were separated by HPLC, and each fragment was
assayed by RIA using polyclonal antibody as previously described
(19).

ANG I radioligand binding assay. The binding of ANG II to
isolated glomeruli was measured using the technique described
by Wilkes (16) with minor modifications. The total incubation
volume was 200 pL, consisting of glomeruli (10-50 ug of protein),
3 x 107" M ["®IJANG II and increasing concentrations from
107 M to 10™* M of the following unlabeled competitors:
[Sar!,Val’,Ala®]JANG II (saralasin), ANG II, Des,Asp'-ANG 11
(ANG III), ANG I, losartan (specific AT,, receptor antagonist),
PD 123319 (specific AT, receptor antagonist), or [Arg®]vasopres-
sin acetate. The incubations were performed at 22°C and were
terminated by the addition of 4 mL of ice-cold PBS. Bound and
free radioligand were separated by filtration through 45-um
nitrocellulose Millipore filters (Millipore Corp., Bedford, MA),
which were then rinsed three times with 4 mL of ice-cold PBS.
The radioactivity associated with the filters was determined in a
gamma counter (Compugamma 1282, LKB-Wallac, Turku, Fin-
land) with 64% counting efficiency. Nonspecific binding was
determined in each experiment by incubating glomeruli with 3
x 107" M ['®*IJANG I in the presence of 10* M unlabeled
ANG II. Specific binding was calculated by subtracting nonspe-
cific from total binding. Nonspecific binding represented approx-
imately 0.1% of total radioactivity per assay tube, and it was
always <10% of specific binding. Degradation of radiolabeled
ANG II was assessed by incubation of glomeruli in the presence
of 3 x 107' M ['*IJANG II for 2 h at 22°C. Free radiolabeled
ANG Il and its fragments were then separated from the glomeruli
by vacuum filtration through nitrocellulose Millipore filters and
quantization by HPLC, using methodology we have described
previously (19).

Receptor occupancy. To assess receptor occupancy by endog-
enous ANG II, isolated glomeruli from young SHR and WKY
rats were incubated with MgCl, to dissociate bound ANG 11
from the receptor as previously described (20). In one set of
experiments, glomeruli were preincubated with 3 M MgCl, for 3
min at 4°C before incubation for radioligand binding in the
presence of MgCl,. This resulted in a reduction in glomerular
['*IJANG 1I binding to the level of nonspecific binding. In a
second set of experiments, glomeruli were preincubated with
MgCl; and then washed four times with ice-cold Krebs solution.
The glomeruli were then resuspended in the incubation medium
containing 25 uM chymostatin to inhibit glomerular production
of ANG II (24), and radioligand binding studies were performed
using the methods described above.

ANG 11 suppression. To study the effect of local ANG Il
production on glomerular receptor density, we pharmacologi-
cally inhibited glomerular ANG II production with enalaprilat
(Merck Sharp and Dohme, West Point, PA). Enalaprilat (0.5
mg/kg body weight) was administered intraperitoneally in 10
doses over 5 d (21). This regimen suppressed systemic ANG 11
concentration in anesthetized rats from 11.6 to 3.6 pg/mL (69%).

Materials. 2-n-Butyl-4-chloro-5-hydroxymethy-1-[(2’-(1H-te-
trazol-5-yl)biphenyl-4-yl)methyl] imidazole potassium salt (lo-
sartan, previously DuP 753) was supplied courtesy of E.I. duPont
de Nemours and Company, Wilmington, DE. 1-{[4-(dimethyl-
amino)-3-methylphenyl]methyl}-5-(diphenylacetyl)-4,5,6,7-tet-
rahydro-1H-imidazo[4,5-c] pyridine-6-carboxylic acid, ditrifluo-
roacetate, monohydrate (PD 123319) was supplied courtesy of
Parke-Davis, Ann Arbor, MI, and enalaprilat was provided cour-
tesy of Merck Sharp and Dohme. Human ['*I]Tyr*-ANG 11
(2200 Ci/mmol) was obtained from New England Nuclear, Bos-
ton, MA. All other reagents were obtained from Sigma Chemical
Co., St. Louis, MO.

Data analysis. Radioligand binding studies were analyzed by
nonlinear regression analysis of the data using the LIGAND
program of Munson and Rodbard (22) adapted for microcom-
puters (Elsevier Biosoft, Cambridge, UK). Hill coefficients were
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also calculated from the same program. Receptor density (Bua)
was calculated by the following equation:

receptors/um?

_ Bmax (fmol/mg) X 6.023 x 10* (receptors/fmol)
- glomeruli/mg X glomerular surface area (um?)

Analysis of variance was used to compare mean values between
groups. Significance was accepted if p was <0.05. Data are
presented as mean = | SEM.

RESULTS

Mean arterial pressure was not different between young SHR
and WKY rats (86 £ 8 and 75 + 5 mm Hg, respectively).
However, mean arterial pressure was higher in adult SHR com-
pared with adult WKY rats (156 + 2 and 86 + 5 mm Hg,
respectively, p < 0.01). Planar glomerular surface area for young
SHR, young WKY, adult SHR, and adult WKY rats was 5542
+ 148, 5226 = 150, 11936 = 180, and 11 310 = 202 um?,
respectively. Glomerular surface area was significantly higher in
adult compared with young rats (p < 0.01), but there was no
difference between SHR and WKY rats in either age group.
Systemic ANG II concentrations were similar in young SHR and
WKY rats (8.4 = 1.3 and 7.1 + 2.6 pg/mL, respectively) (Table
1). In adult SHR and WKY rats, systemic ANG Il concentrations
were also similar (4.2 + 0.77 and 3.7 + 1.3 pg/mL, respectively)
(Table 1). Systemic ANG II concentrations were higher in young
compared with adult SHR or WKY rats (p < 0.05).

Under the incubation conditions used in our study, specific
radioligand binding achieved equilibrium by 105 min and was
stable for up to 4 h. We selected incubation periods for radioli-
gand binding of 120 min. Specific radioligand binding was linear
with glomerular protein concentration within the range used in
all assays. After 2 h of incubation in the presence of glomeruli,
ACTH, and albumin, 88 *+ 1% (n = 4) of radiolabeled ANG II
eluted in a single HPLC peak with a retention time identical
with intact ['**I)JANG II. Without ACTH in the incubation
medium, radiolabeled ANG II was degraded into multiple pep-
tide fragments. Only 5 + 2% of the radioactivity eluted at the
same retention time as intact ['*’IJANG II. The mechanisms by
which ACTH prevent ANG Il degradation is not certain. We
were also able to prevent ANG II degradation by the addition of
25 uM chymostatin, a protease inhibitor (21).

LIGAND analysis of ANG Il binding in all four study groups
indicated a one-site model (22) of high-affinity receptors as
demonstrated by the linearity of the Scatchard plots kg in the
nanomolar range. Hill coefficients ranged between 0.91 and 1.05,
indicating a lack of cooperativeness of receptor binding (22).

Changes in the three-dimensional structure of the glomerulus
observed during development may alter the number of glomer-
ular ANG II receptors (16). This variable was taken into account
by calculating the number of receptor sites per unit surface area.
When reported in this manner, receptor density in the young
SHR rats was 3-fold higher compared with that in age-matched
WKY rats (2033 = 154 versus 742 = 151 receptors/um?) and
1.7-fold higher (1198 + 181 versus 1128 + 85 receptors/um?)
than that in adult WKY and SHR rats (Fig. 1). Receptor density
increased 2-fold during maturation in the WKY rats (p < 0.05)
but decreased during maturation in the SHR rats (p < 0.05).

Table 1. Systemic ANG 11 concentrations of ANG 11
Systemic ANG 11

Animals (pg/mL)
Young SHR rats 84+ 13*
Young WKY rats 7.1 £2.7*
Adult SHR rats 42+0.8
Adult WKY rats 37+13

* p < 0.05 vs adult SHR and adult WKY rats.
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Fig. 1. Comparison of glomerular ANG II receptor density (recep-
tors/um? planar glomerular surface area, upper panel) and receptor
number (fmol/mg protein, lower panel) in WKY and SHR rats at 4-5
wk of age (young) and 10-12 wk of age (adult). Receptor density and
number in young SHR rats are increased compared with young WKY,
adult SHR, and WKY rats (@, p < 0.05). Receptor density and number
are increased in adult WKY rats compared with young WKY rats (*, p
< 0.05). Values are mean + SEM.
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Fig. 2. Comparison of glomerular ANG II receptor affinity (kq, nM)
in WKY and SHR rats at 4-5 wk of age (young) and 10-12 wk of age
(adult). Values are mean + SEM.

Receptor number reported in fmol/mg glomerular protein in the
young SHR was also 3-fold higher (1245 + 30 versus 430 + 42
fmol/mg protein) compared with that in age-matched WKY rats
and 1.7-fold higher than that in adult WKY and SHR rats (768
+ 81 versus 663 + 50 fmol/mg protein). Receptor affinity (ky)
for ANG II was similar (0.75 £ 0.12, 0.78 + 0.13, 0.81 + 0.15,
and 0.80 + 0.13 nM) for SHR rats and WKY rats in either age
group, and it did not change during maturation (Fig. 2).
Receptor occupancy by endogenous ANG II was assessed in
intact glomeruli from young WKY and SHR rats (Fig. 3).
Incubation of glomeruli from each group with ['*IJANG II in
the presence of 3 M MgCl; resulted in complete dissociation of
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Fig. 3. Assessment of receptor occupancy in intact glomeruli from 4-
to 5-wk-old SHR (upper panel) and 4- to 5-wk-old WKY rats (lower
panel). Changes in receptor density are expressed as a percentage of
control, defined as 100%. Complete dissociation of ['**I]ANG II from its
receptor occurred in glomeruli incubated with radioligand in the presence
of MgCl; (@, p < 0.05). Radioligand studies performed after glomeruli
were preincubated with MgCl; for 3 min and then rinsed with PBS before
radioligand study yielded increased receptor density in both groups.
Values shown are the mean values from three separate experiments in
which each determination was performed in triplicate.

the radioligand from its receptor (p < 0.05). Freeing endogenous
ANG II from its receptor by prior treatment with 3 M MgCl,,
along with inhibition of de novo synthesis of ANG II by 25 uM
chymostatin (21), increased receptor density in glomeruli from
both young SHR and WKY rats in an equivalent manner.

Pharmacologic inhibition of ANG II generation resulted in a
3-fold increase in glomerular ANG receptor density in young
SHR rats (2033 = 154 versus 5915 + 318 receptors/um?, p <
0.001) and a 4.5-fold increase in receptor density in young WKY
rats (742 % 151 versus 3358 + 234 receptors/um?, p < 0.01).
Receptor density remained nearly 2-fold higher (Fig. 4) in young
SHR compared with young WKY rats (p < 0.05). Competitive
binding curves for the displacement of ['**IJANG II binding to
glomeruli from adult WKY rats by various ligands are depicted
in Figure 5. Sarlasin, ANG II (not shown in the figure), ANG
III, and ANG I, as well as the nonpeptide ANG II receptor
antagonist specific for the AT, receptor subtype, losartan, dis-
placed ['*I]JANG II binding in a concentration-dependent, mon-
ophasic manner. The order of potency was ANG II (not shown)
> saralasin > ANG III > ANG I > losartan (ICs, 0.9 £ 0.3, 1.6
+0.2,45 + 12,47 £ 16, and 210 * 25 nM, respectively). In
contrast, there was minimal displacement of ['*IJANG II by
either PD 123319 (specific antagonist for AT,) or the unrelated
peptide arginine vasopressin. Identical displacement curves were
obtained with glomeruli from 4-wk-old and 10- to 12-wk-old
SHR rats (Fig. 6). ICs values for young and adult SHR rats were
0.9 £ 0.2 and 0.9 £ 0.1 nM, respectively, for ANG II (not shown
in the figure), 1.6 £ 0.1 and 1.4 £+ 0.2 nM for saralasin, and 210
+ 7 and 200 £+ 42 nM for losartan. PD 123319 did not displace
['**I1JANG II in young or adult SHR rats.
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Fig. 5. Competitive binding curves illustrating displacement of spe-
cifically bound ['**IJANG II by agonists and antagonists, using glomeruli
from adult WKY rats. The percent binding of ['*I]JANG II is plotted as
a function of increasing concentrations of agonist or antagonist. Values
shown are the mean values from four separate experiments in which
each determination was performed in triplicate. 4 VP, arginine vasopres-
sin.
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DISCUSSION

There has been renewed interest recently in the role of the
intrarenal RAS in the development of hypertension (23-25).
This study evaluated glomerular ANG II receptor density and
affinity during the development of hypertension in the SHR rats.
We found glomerular ANG II density to be 3-fold greater in
young SHR than in young WKY rats. Our observations regarding
ANG Il receptors in the kidney are in agreement with the findings
of other investigators who have described an enhanced intrarenal
RAS during the development of hypertension in this animal
model (23-25). As such, our findings provide further evidence
that changes in the intrarenal RAS may be partly responsible for
the initiation of hypertension in the SHR rats. Moreover, the
increase in glomerular ANG Il receptors in the young SHR rats
is consistent with the micropuncture data of Dilley et al. (5), who
demonstrated a 30% reduction in GFR and ultrafiltration coef-
ficient in young SHR compared with age-matched WKY rats.
Furthermore, we have shown that glomerular ANG II receptors
are similar in both adult SHR and WKY rats. These data are in
agreement with “resetting” of kidney function in SHR rats after
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Fig. 6. Competitive binding curves illustrating displacement of spe-
cifically bound ['*IJANG II by the ANG Il antagonists saralasin, losartan,
and PD 123319. The percent binding of ['**I)JANG II is plotted as a
function of increasing concentrations of antagonist. Glomeruli from 4-
to 5-wk-old SHR (upper panel) and 10- to 12-wk-old SHR (lower panel)
rats were studied. Values shown are the mean values from four separate
experiments in which each determination was performed in triplicate.

the onset of hypertension. The “reset” hypothesis refers to the
observation that once hypertension is established, extracellular
fluid volume and cardiac output are reset to normal levels (5,
26, 27). The reset phenomenon and our data are in agreement
with the findings of Dilley et al. (5), who reported that GFR and
ultrafiltration coefficients are comparable in adult SHR and
WKY rats.

We further examined whether the difference in glomerular
ANG II receptor-ligand binding between young and adult SHR
rats is primary or whether it is secondary to altered receptor
occupancy by endogenously produced ANG II. Pretreatment
with MgCl,, which displaces ANG II from its receptor binding
sites (20), and incubation with chymostatin, which inhibits de
novo synthesis of glomerular ANG II (21), did not increase sites
available for radiolabeled ANG II binding in either young SHR
or WKY rats (Fig. 3). In addition, we evaluated the role of
endogenously produced ANG Il in the disparity between glo-
merular receptors observed in young SHR and WKY rats. We
have previously shown that intraperitoneal administration of
enalaprilat decreases glomerular ANG II production by 43%
(21). Enalaprilat treatment increased glomerular ANG Il receptor
density similarly in both young SHR and young WKY rats (Fig.
4). It is worth mentioning that the difference in glomerular ANG
II receptor density observed in young SHR compared with young
WKY rats is maintained after enalaprilat treatment. Moreover,
differences in receptor density between young SHR and WKY
rats are unrelated to alterations in plasma ANG II concentration
(Table 1). These findings are in agreement with earlier studies
that demonstrated plasma ANG, plasma renin activity, and
plasma renin concentration are similar in the young SHR and
WKY rats (8, 23, 24).

Contrary to our findings, Chatziantoniou and Arendshorst
(12) found that the glomerular ANG Il receptor density is similar
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between 6-wk-old SHR and WKY rats, and Messenger ez al. (11)
reported that glomerular ANG II receptor density is greater in
glomeruli from adult SHR rats than from 20-wk-old normoten-
sive Wistar rats. The reason for the disagreement is unclear. A
difference in methodology may account for part of this disparity
(28, 29). In the present study, radiolabeled ANG II binding to
glomerular receptors achieved equilibrium at approximately 105
min of incubation, whereas in the other reports the duration of
incubation was 45-50 min. We have recently reported the pres-
ence of glomerular peptidase activity degrading ANG II in the
same experimental model (21). Moreover, in our hands, ['%I]
ANG II degraded when incubated with isolated glomeruli, unless
ACTH was added to the incubation medium. This suggests that
ACTH acted as a peptidase inhibitor. Several other investigators
have also reported that ACTH prevents degradation of ANG II
(16), and recent studies in rat brain have shown that ANG II
receptor (AT,) number increased 2.3-fold when peptidase inhib-
itors were used during incubation (30). In addition, an age
difference between rats used in our experiment and those used
by Chatziantoniou and Arendshorst (12) (4 versus 6 wk) and
Messenger et al. (11) (10 versus 20 wk) could also be responsible
for different results. Moreover, it is often assumed that SHR and
WKY rats are fully inbred, but genetic and biologic variability
among different breeding colonies has been reported (31, 32).
We used a rat strain for control experiments different from that
used by Messenger et al. (WKY versus Wistar rats), and our
WKY and SHR rats were obtained from a different breeding
source compared with that used in the previous studies (Harlan
Farms, Indianapolis, IN versus In bred, NC and Olac Ltd., Stoke-
on-Trent, UK).

Glomerular ANG II receptor subtypes were also evaluated in
the present study. Several biochemical and pharmacologic studies
indicate that at least two subtypes exist within various tissues,
and recent studies have suggested that receptor subtype may
change during development (13). In the present study, agonists
and antagonists competed for the binding of ['*I]JANG 11 (Fig.
5), with an order of potency characteristic of binding to ANG II
receptors (33). The AT,-specific antagonist losartan completely
inhibited the binding of ['*IJANG II to glomerular ANG II
receptors. ICsp for losartan is 210 nM, which is comparable to
data reported for intact human glomeruli (an ICs, for losartan of
300 nM) (34). Furthermore, Fontoura et al. (35) have shown in
isolated perfused rats kidneys that the ICs, for losartan is approx-
imately 200 nM. In contrast, membrane preparations from iso-
lated glomeruli (36), cultured mesangial cells (37), and cloned
AT, (38) have exhibited lower ICs, values (20, 7.9, and 6.3 nM,
respectively). We postulate that this lower receptor affinity may
be caused by a change in the physical properties of the receptor
protein during membrane preparation. Alternatively, the physi-
cal properties of the losartan molecule may affect its propensity
to bind ANG II receptor sites embedded deep in a three-dimen-
sional structure. The discrepancy in affinity between membrane
preparations and whole structures may be of clinical relevance.
For losartan to have a protective glomerular effect, it must bind
receptor sites in vivo. Hence, modification of the molecular
structure of losartan may improve its glomerular protective
effect. AT,-specific antagonist PD 123319 does not displace the
labeled ligand. Our data confirm previous reports that PD
123319 does not displace ANG II from renal receptors (39). This
suggests that glomerular ANG Il receptors are mainly of the AT,
subtype (34-39). LIGAND analysis indicated a single population
of receptors in both young and mature SHR as well as WKY
rats.

In summary, we have demonstrated that glomerular ANG 11
receptor density in young SHR is 3-fold higher than in age-
matched control WKY rats and 1.5-fold higher than in adult
SHR rats. The greater receptor density in young SHR rats cannot
be explained by differences in receptor occupancy. Furthermore,
we have shown that the predominant ANG II glomerular recep-
tor in young and adult SHR and WKY rats is the AT,, or
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losartan-sensitive, subtype. We postulate that these differences
in ANG II receptor density may underlie the altered glomerular
function observed in young SHR rats, thereby providing further
evidence for a role of the intrarenal RAS in the development of
hypertension in this model.
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