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Abstract 

While there is evidence to suggest that endothelin-1 is involved in regulation of kidney function 2nd blood pressure, the 
importance of endotheiin ET, receptors in this area has not been clearly defined. The novel, non-peptide endothelin ET, 
receptor antagonist, BMS-182874. ~5-~dimethy9ami~o~-hr-(3,4-dimethy9-S-isoxazo9yi~-l-naphthalene sulfonamide) was used to 
examine effects of endothelin ET, receptor blockade on renal function in spontaneously hypertensive rats. Preliminary studies 
were conducted to determine an effective dose of BMS-182874. Infusion of BMS-182874 (10 pmol/kg/min, i.v.) inhibited effects 
of exogenous endothelin-1 on glomerular filtration rate, renal blood flow, and mean arterial pressure in Sprague-Dawley rats. 
Administration of BMS-182874 (10 pmol/kg/min, i.v.1 to anesthetized, male, spontaneously hypertensive rats decreased renal 
blood flow by 5 50% (1.2 + 0.11 ml/min/900 g body weight) compared to vehicle (2.7 + 0.23). There was no effect of 
BMS-182874 on glomerular filtration rate (0.5 & 0.05 mi/min/lOO g body weight; vehicle: 0.7 & 0.06). Mean arterial pressure 
decreased significantly after BMS-182874 (123 + 3.8 mm Mg; vehicle: 162 + 4.8). Urine flow and renal vascular resistance were 
unchanged by BMS-182874. Endothelin ET, receptor density was increased _ 50% in spontaneously hypertensive rat kidneys 
compared to normotensive kidneys, with no change in equilibrium dissociation constant. Endothelin ET, receptor density and 
equilibrium dissociation constant were similar in the hvo rat strains. Plasma immunoreactive endothe!!:: was higher in 
hypertensive (5.9 f 0.31 fmol/ml~ than normotensive rats (2.8 + 0.15). The results suggest endothelin ET, receptors may play a 
role in the regulation of renal function in this mode9 of hypertension. 

Keywords: Endothelin receptor antagonist; Renal bland flow: Hypertension 

1. Introduction 

It has been proposed that endothelin acts as an 
autocrine or paracrine hormone involved in the regula- 
tion of renal function (Simonson and Dunn, 1992). 
Endothelin-1 is produced by numerous cell types, in- 
cluding glomerular endothelial cells (Zoja et al., 1990, 
and has multiple effects on the kidney. Administration 
of endothelin-1 to normotensive rats decreased 
glomerular filtration rate and renal blood flow (Badr et 
al,, 1989; Miller et al., 1989). Diuresis and natriuresis 
were induced by infusion of endothelin in normoten- 
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sive rats (Perico et al., 1991). Renal vasoconstriction 
induced by endothelin-1 in isolated perfused kidneys 
from normotensive animals appears to be mediated by 
endothelin ET, and endothelin ET, receptors (Warner 
et al., 1993). 

The contribution of the two receptor subtypes in 
mediation of the renal effects of endothelin in hyper- 
tensive animals is less well defined. Administration of 
endothelin-specific antibodies increased glomerular fil- 
tration rate by 5 50% in spontaneously hypertensive 
rats (Qhno et al., 1992), while treatment with the 
peptide endothelin ET, receptor antagonist, BQ-123, 
decreased glomerular filtration rate by 5 150/o in this 
model (Gellai et al., 1994). The differences in the 
effects on glomerular filtration rate in the two studies 
may be due to blockade of endothelin ET, receptors 
by the endothelin-specific antibodies, but not by BQ- 
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123. We used the selective endothelin ET, receptor 
antagonist, BMS-182874 to further define the role of 
endothelin ET, receptors in regulation of renal fUnC- 

tion in spontaneously hypertensive rats. 
BMS-182874, (5-(dimethylamino)-N-(3,4-dimethyl- 

5-isoxazolyl)-1-naphthalene sulfonamide), is a non- 
peptide, endothelin ET, receptor antagonist (Stein et 
al., I994), that was discovered by screening of Bristol- 
Myers Squibb compounds by radioligand binding at the 
endothelin ET, receptor, and optimization of the 
structure-activity relationships of these compounds. 
The selectivity of BMS-182874 was described previ- 
ously (Webb et al., 1995). BMS-182874 inhibited bind- 
ing of [*z”I]endothelin-1 to vascular smooth muscle 
A10 cell membranes (endothelin ET, Ki = 66 f 12 
nM), with minimal effects on the binding of [ ‘2511endo- 
thelin3 to rat cerebellar membranes (endothelin ET, 
Ki > 200 FM), suggesting that it is a selective endothe- 
lin ET, receptor antagonist. 

The multiple renal effects of endothelin may be 
mediated by endothelin ET, and endothelin ET, re- 
ceptors, as both subtypes have been identified in the 
rat and human kidney. Using subtype selective radioli- 
gands, normotensive rat kidney cortex was found to 
contain endothelin ET, and endothelin ET, receptors 
in a 50:50 ratio (Nambi et al., 1992a). In the human 
kidney, the endothelin ET, to endothelin ETn recep- 
tor ratio was 30: 70 (Nambi et al., 1992b). In aortas 
from spontaneously hypertensive rats, [‘251]endothelin- 
1 binding site density was increased 50% compared to 
normotensive controls; however, differences in en- 
dothelin ET, and endothelin ET, receptor subtypes 
were not examined (Tomobe et al., 1991). The en- 
dothelin ET, to endothelin ET, receptor ratio in the 
renal cortex of spontaneously hypertensive rats was 
decreased compared to normotensive rats (Gellai et al., 
1994). In the current study, we measured binding of 
subtype selective radioligands in kidneys from sponta- 
neously hypertensive and normotensive rats, to evalu- 
ate changes in the ratio of endothelin ET,, and en- 
dothelin ET, receptors in this genetic model of hyper- 
tension. 

2. Materials and methods 

2.1. Normotensire rats 

All procedures involving animals were in accordance 
with the Bristol-Myers Squibb Pharmaceutical Re- 
search Institute Animal Care and Use Committee. 
Preliminary studies were performed in order to deter- 
mine a dose of BMS-182874 that inhibited changes in 
renal function induced by exogenous endothelin-1. 
Fasted male Sprague-Dawley rats (205-295 g) were 
anesthetized with 100 mg/kg i.p. inactin (Byk-Gulden 

Pharmaceuticals, Konstanz, Germany). Catheters were 
placed in the jugular vein, femoral artery, bladder, and 
trachea, and the urethra was ligated. Body temperature 
was maintained at 36-38°C. [14C]Inulin (0.1 pCi/ml) 
and [‘H]p-aminohippuric acid (2.0 pCi/ml) were in- 
fused (30 pl/min, i.v.) for a 1 h equilibration period 
along with donor plasma (5.0 ml/kg/h, i-v.). For the 
remainder of the study, plasma was infused at 1.0 
ml/kg/h. The arterial catheter was used to obtain 
blood samples and to monitor mean arterial pressure 
using a Statham pressure transducer and a Cnuld RS 
3200 recorder. 

Three groups were evaluated: 5% NaHCO, + saline, 
5% NaHCO, + endothelin-1, or BMS-182874 + 
endothelin-1 (n = 4-5/group). Urine and midpoint ar- 
terial samples were collected during each 20 min clear- 
ance period. There were two baseline clearance peri- 
ods, two infusion clearance periods, and two post-infu- 
sion clearance periods in each experiment. The values 
for the two baseline, two infusion, and two post-infu- 
sion clearance periods were averaged, and are pre- 
sented as periods 1, 2, and 3. After period 1, vehicle 
(5% NaHCO,, or BMS-182874 (10 pmol/kg/min, i.v.) 
was infused for 10 min prior to and during period 2 (a 
total of 50 min). Vehicle (0.9% saline) or endothelin-1 
(75 ng/kg/min, i.v.) was also administered during pe- 
riod 2. Mean values for the three groups were com- 
pared by analysis of variance and Tukey’s test. 

Glomerular filtration rate was estimated from clear- 
ance of [‘4C]inulin, and renal plasma flow from clear- 
ance of [“Hip-aminohippuric acid. Radioactivity in 
urine and plasma samples was quantitated by liquid 
scintillation counting. Duplicate samples were counted 
in a Beckman Model LS 5801 scintillation counter 
using a dual-label DPM program. Background counts 
were averaged and subtracted from the counts in urine 
and plasma for each collection period. The counts for 
[“Hip-aminohippuric acid and [‘4C]inulin of the dupli- 
cate samples were averaged. Glomeruiar filtration rate 
and renal plasma flow were determined from standard 
formulas. Renal blood flow was calculated by dividing 
renal plasma flow by 1 minus hematocrit. To correct 
for variations in body weight, glomerular filtration rate 
and renal plasma flow are expressed as ml/ min/ 100 g 
body weight. Renal vascular resistance was calculated 
by dividing mean arterial pressure by renal blood flow. 

2.2. Hypertensive rats 

Fasted male spontaneously hypertensive rats (239- 
270 g) were prepared for renal clearance studies as 
described above. Rats were treated with either vehicle 
(5% NaHCO,, or BMS-182874 (n = 5-6/group). After 
the baseline clearance periods, vehicle or BMS-182874 
(10 pmol/kg/min) was infused i.v. for 10 min prior to 
and during the two 20 min infusion periods, for a total 



of 50 min. The infusion of vehicle or 
stopped during the two post-infusion clearance peri- 
ods. The values for the two baseline, two infusion. and 
two post-infusion clearance periods were averaged, and 
are presented as period ean values from 
vehicle-treated and reated rats were 
compared using unpaired Student’s r-test. 

for 1 h in assay l,tiffer. FiltcrmaFh 

eltilex solid scintillanr wax (IPharimacia 

2.3. Radiuiigand binding 

Kidneys from normotensive Sprague-Hawley rats 
and spontaneously hypertensive rats were homoge- 
nized in 50 mM Tris-HCl pH 7.4, 1 mM EDTA, 0.23 
U/ml aprotinin and centrifuged at 800 x g for 10 min 
at 4°C. The supernatants were centrifuged at 100080 x 

g for 1 h at 4°C. Membrane pellets were resuspended 
in homogenization buffer and homogenized again. 
Aliquots were stored at -80°C. 

tion binding data was performed using non-linear 
least-square curve fitting to the ~o~-t~~sf~rmed data. 
Linear transformation of data was conducted as de- 
scribed by Scatchard (1949). Radioiigand binding daFa 
was analyzed using unpaired Student’s t-Fest. 

2.4. Plasma endothelin analysis 

Endothelin receptor binding assays were conducted 
as described previously (Webb et al., 1993). Since en- 
dotheiin-1 binds to endotheiin ET,\ and endothelin 
ET, receptors with equal affinity, [‘ZI]endothelin-l 
(3-400 pM) saturation binding should reflect the sum 
of endotheiin ET, and endothelin ET, receptors. In 
contrast, [‘2’I]IRL-1620 is 120000-fold selective for 
endothelin ET, receptors (Takai et al., 1992). and 
concentrations of [“-51]1RL-1620 up to 400 pM are 
estimated to occupy < 1% of the endotheiin ET, 
receptors. For saturation binding, membranes (lo-30 
pg) were incubated with 3-400 pM of [lXI]endotheiin-l 
or [1L51]IRL-1620 in the absence and presence of 100 
nM endothelin-1 or endotheiin-3, respectively, in a 
final volume of 0.25 ml assay buffer (50 mM Tris-I-ICl 
pH 7.4, 0.1% bovine serum albumin, 2 PM phospho- 
ramidon) at 37°C for 2 h. IBinding reactions were 
terminated by rapid filtration in a Tomtec ceil har- 
vester over a Filtermat B (Pharmacia LKE$ Uppsala, 

Plasma immunoreactive cndothelin levels (fmoi/mi) 
were measured in Sprague-Dawlel? rats and sponta- 
neously hypertensive rats (II = 6/gruup). Samples were 
collected from decapitated rats in chilled tubes con- 
taining EDTA (1 mg/ml blood); aprotinin and sodium 
azide were added to final concentrations of 1000 
KIIJ/mi and 0.2%, respectively. Samples were ccn- 
Frifuged at 4°C for 20 min at 2800 rpm, and plasma was 
collected, and stored at -80°C. For extractioz of en- 
dothelin-1, thawed plasma samples were acidified with 
trifluoroacetic acid and applied to octyl (C-8) solid 
phase extraction columns preconditioned with 
methanol then water. Column beds were washed foi- 
lowing sample application with saline followed by wa- 
ter and briefly air-dried. Peptides were eiuted with 
90% methanol-l% trifluoroacetic acid. Eiuants were 
dried and stored at -80°C. Radioimmunoassay was 
performed with an Amersham endothelin 1-21 specific 
“:‘I radioimmunoassay system, which does not signifi- 
canlly cross-react with big endotheiin but cannot dis- 
criminate endothelin-1 from endothelin-3 or endorhe- 
lin-3. Sample extracts were assayed against a standard 
curve constructed of synthetic endothelin-1 Mean val- 

Table 1 
Effects of infusion of BMS-182874 on endothelin-l-induced changs in &merular filtration rate (GFR). renal blood flow (RBF). and mean 
arterial pressure (MAP) in normotensive rats 

GFR RBF MAP 
(ml/min/lOO g body weight) (mm Hgl 

Vehicle 
Period 1 1.1 + 0.06 6.3 + 0.39 115 + 8.9 
Period 2 1.1 f 0.10 5.8 * 0.41 110+9.1 
Period 3 1.1 + 0.06 4.9 f 0.62 104 * 4.5 

Endothelin-1 
Period 1 1.1 * 0.08 5.8 + 0.34 109 f 5.5 
Period 2 0.8 + 0.04 3.5 &- 0.13 h 127 f 5.4 
Period 3 o.,- 0.11 = : 1.5 * 0.44 h 127 f 6.5 .’ 

BMS-18287; t ~wd&r!in- I 
Period 1 1 .o + 0.03 5.6 + 0.07 122 + 5.9 
Period 2 0.9 * 0.13 4.5 f 0.67 121 IS.5 

Period 3 0.7 * KU8 2.7 + 0.26 a 108 * 5.7 

Rats were treated with vehicle, endothelin-1 (75 ng/kg/min). or BMS-182874 (10 pmol/kg/min! and endothelin-I (II = 4-S/group) for 10 ain 
prior to and during period 2. Data are expressed as means f S.E.M. a P < 0.05: h P < 0.01 versus vehicle-treated rats. 
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ues for plasma immunoreactive endothelin levels were 
analyzed using unpaired Student’s t-test. 

2.5. Materials 

[t2’]]Endothelin-1 (2200 Ci/mmol) and [125111RL- 
I620 (2200 Ci/mmol) were obtained from New Eng- 
land Nuclear, Boston, MA); endothelin-1 and CndOthC- 

Iin- from Peninsula Labs (Belmont, CA). ]“C]Inulin 
and [3H]p-aminohippuric acid were obtained from 
American Radiolabeled Chemicals, (St. Louis, MO). 
BMS-182874 was synthesized by the Cepartment Of 
Chemistry, Bristol-Myers Squibb. 

3. Results 

3.1. Norrnotensice rats 

Preliminary studies were performed in order to de- 
termine a dose of BMS-182874 that inhibited changes 
in renal function induced by exogenous endothelin-1. 
Values for glomerular filtration rate, renal blood flow, 
and mean arterial pressure were consistent in vehicle- 
treated rats throughout the clearance experiments (Ta- 
ble 1). 

Administration of endothehn-1 significantly de- 
creased glomerular filtration rate and renal blood flow 
compared to vehicle-treated rats. These results are 
presented in Table 1. Urine flow did not change signifi- 
cantly in endothelin-treated rats (period 2: 8.4 f 2.87 
pl/min; period 3: 4.5 + 1.19 hlI/min) compared to 
vehicle-treated rats (period 2: 17.3 f 8.94 wl/min; pe- 
riod 3: 13.8 k 9.2 ~l/min). Systemic endothelin-1 ad- 
ministration induced a mean pressor response of 18 
mm Hg (Table 1). 

There was no significant change in glomerular filtra- 
tion rate induced by endothelin-1 in rats treated with 
BMS-182874 (Table 1). Infusion of BMS-182874 par- 
tially blocked the pronounced change in renal blood 
flow due to endothelin-1 administration. Urine flow 
did not change significantly in rats given BMS-182874 
and endothelin-1 (period 2: 8.4 f 1.91 pI/min; period 
3: 6.12 0.43 @/min). Pressor effects of endothelin-1 
administration were not evident during i.v. infusion of 
BMS-182874 and endothelin-I (Table 1). 

3.2. Hypertensice rats 

The effect of endothelin ET, receptor antagonism 
by infusion of BMS-182874 on renal function in anes- 
thetized, spontaneously hypertensive rats was evalu- 
ated. Pretreatment values for renal function and mean 
arterial pressure were similar for drug- and vehicle- 
treated groups. There was no significant effect of 
BMS-I82874 on glomerular filtration rate compared to 

Period 1 Period 2 Per:od 3 

Clearance Periods 

Perlod 1 Period 2 Period 3 

Clearance Periods 

Perlod 1 Perlcd 2 Period 3 

Clearance Periods 

Fig. 1. The effects of i.v. infusion of vehicle or BMS-182874 (10 
~mol/kg/min) for 10 min prior to and during period 2, on glomeru- 
lar filtration rate (GFR), renal blood flow (RBF), and mean arterial 
pressure (MAP) in anesthetized, spontaneously hypertensive rats, are 
summarized below. Means f S.E.M. are given. * * P < 0.01; * * * P < 
0.001 versus vehicle-treated rats. 

effects of vehicle infusion (Fig. 1). Renal blood flow 
was significantly reduced by 60% during period 3 in 
BMS-182874-treated rats compared to vehicle (Fig. 1). 
Urine flow rate was not significantly changed by infu- 
sion of BMS-182874 (period 2: 7.8 f 0.93; period 3: 
5.7 + 0.28 pl/min) compared to vehicle (period 2: 8.7 
+ 1.12; period 3: 7.0 + 0.67 pl/min). Ahhough numer- 
ically increased, renal vascular resistance was not 
changed significantly by infusion of BMS-182874 
(period 2: 25.0 + 2.23; period 3: 42.0 &- 4.4 mm Hg 
mitt/ml) compared to vehicle (period 2: 20.2 & 1.42, 
period 3: 24.9 & 2.8 mm Hg mitt/ml), suggesting that 
the magnitude of effects of BMS-182874 on renal blood 
flow and on the systemic circulation was similar. 

Infusion of BMS-182874 significantly lowered blood 
pressure in anesthetized, spontaneously hypertensive 
rats. Mean arterial pressure decreased by 21 mm Hg 
during infusion of BMS-182874, and decreased by 40 



mm Hg after infusion [Fig. 1). In vehicle-treated spon- 
taneously hypertensive rats, mean arterial pressure re- 
mained stable (167 + 5 mm Mg; 162 ? 5 mm 

3.3. Radioligand binding 

In order to determine the quantity of specific bind- 
ing sites for the endothelin ET,., receptor antagonist 
used in this study, saturation binding of [‘251]endo- 
thelin-1 and [‘251]IRL-1620 to rat kidney membranes 
from normotensive and hypertensive rats was com- 
pared under equilibrium binding conditions, reached 
after 2 h at 37°C (data not shown). For each radioli- 
gand, specific binding was defined in the presence of 
100 r&4 unlabeled ligand. Total and non-specific bind- 
ing increased in a radioligand concentration-dependent 
fashion and resulted in specific binding isotherms con- 
sistent with a single population of receptor binding 
sites over the radioligand concentration range. 

[‘2sI]Endothelin-l and [‘251]IRL-1620 binding to en- 
dothelin receptors in rat kidney membranes was spe- 
cific and saturable. In normotensive controls, the equi- 
librium dissociation constants for [‘251]endothelin-l and 
[‘251]IRL-1620 were 85 &- 7 and 180 + 87 pM, respec- 
tively. The receptor density for [‘L51]endothelin-l (201 
+ 29 fmol/mg protein? was greater than that for 
[‘251]IRL-1620 (135 + I6 fmol/mg protein) in nor- 
motensive rat kidney membranes. These data are con- 
sistent with the suggestion that binding sites for 
[‘251]IRL-1620 comprise approximately 67% of the to- 
tal [‘251]endothelin-l receptor sites in normotensive rat 
kidneys. 

Comparison of [ ‘251]endothelin-l binding in kidney 
membranes obtained from normotensive and sponta- 
neously hypertensive rats revealed similar equilibrium 
dissociation constants for this radioligand in both 
groups (Table 2). However, the [‘251]ET-1 receptor 
density was significantly greater in membranes from 
spontaneously hypertensive rat kidneys than kidneys 
from normotensive rats (Table 2), with the receptor 
density approximately 50% greater in the hypertensive 
group. Comparison of [‘251]IRL-1620 binding in nor- 
motensive and spontaneously hypertensive rat kidney 

Table 2 
Equilibrium dissociation constants (K, in pM) and binding site 
maxima (B,, in fmol/mg protein) from [ ‘zSI]endothelin-l and 
[1~l]IRL-1620 saturation binding in membranes from normotensive 
Sprague-Dawley and spontaneously hypertensive rat kidneys 

[‘S51]ET-I [“5I]IRL-I620 

K, B max K, BIII,, 

Normotensive 85-e7 2015-29 180+X 135516 

Hypertensive 90*9 305+23 a 104+22 I%%+ 16 

Values are means i S.E.M. from eight determinations. ’ P < 0.05 
versus normotensive. 

membranes revealed no significant increase in specific 
binding sites in spontaneously ypertensive rats (Table 
21. 

Plasma immunoreactivc endothelin lcvcls were corn- 
pared in normotensive and hypertensive rats. Plasma 
endothelin levels were significantly higher in sponta- 
neously hypertensive rats (5.9 f 0.31 fmol/ml) than in 
normotensive rats (2.8 f 0.15 fmol/ml). 

iscussion 

The potent effects of endothelin-1 on the renal 
circulatory bed, the production of endothelin-1 in the 
kidney, and the presence of renal endothelin receptors, 
suggest that endothelin plays a role in regulation of 
renal function. The results of the current study suggest 
that a portion of the renal effects of endogenous en- 
dothelin are mediated through endothelin ET, recep- 
tors. Blockade of endothelin ET, receptors with the 
novel, non-peptide, naphthalene sulfonamide, BMS- 
182874, decreased renal blood flow in anesthetized; 
spontaneously hypertensive rats. This finding is similar 
to that of others who reported a significant fall in renal 
blood flow of + 25% after infusion of the peptide 
endotheiin ETA receptor antagonist, BQ-123, in con- 
scious, spontaneously hypertensive rats (Gellai et al., 
1994). These results suggest that endothelin ET, re- 
ceptors are important in regulation of renal vascular 
tone in spontaneously hypertensive rats. 

Administration of BMS-182874 induced a significant 
decrease in mean arterial pressure in spontaneously 
hypertensive rats, which may have contributed to the 
fall in renal blood flow. However. it is unlikely that the 
changes in renal blood flow were caused solely by the 
antihypertensive effects of the drug, as the decrease in 
biood pressure did not reach the threshold ( < 90 mm 
pig) of autoregulation of renal blood IIow in sponta- 
neotsly hypertensive rats described by Roman and 
Cowley (1985). 

It is somewhat surprising that blockade of endothe- 
tin ET, receptors produced a fail in renal blood flow, 

as endothelin ET, and endothelin ET, receptors are 
considered to mediate renal vasoconstriction (Warner 
et al., 1993). While others have reported a similar 
effect on renal blood flow after administration of BQ- 
123 (CelIai et al., 1994), the exact mechanism is un- 
clear. A highly speculative explanation would lrtVO]Ve 

different distri$ution of endothelin ET,, and endothe- 
iin ET, receptors on the afferent and effereni aiteri- 
oles. Endothelin ETA and endothelin ET, receptor 
mRNA have been localized in rat glomeruii Cf’erada et 
al., 1992), but the distribution of the two receptor 
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subtypes on afferent and efferent arterioles has not 
been defined. It is possible that endothelin ETA receP- 
tor antagonism might inhibit endothelin-l-induced con- 
striction at afferent arterioles, revealing endothelin 
ET, receptor-mediated vasoconstrictive effects primar- 
ily at efferent arterioles. The divergent changes in 
renal plasma tlow and glomerular filtration rate in the 
current study may be due to a greater increase in 
efferent arteriolar resistance than in afferent arteriolar 
resistance. 

Glomerular filtration rate did not change signifi- 
cantly in anesthetized rats treated with BMS-182874. A 
decrease of m 15% in glomerular filtration rate has 
been described in conscious, spontaneously hyperten- 
sive rats after administration of BQ-123 (Gellai et al., 
1994). Endothelin-specific antibodies increased 
glomerular filtration rate by m SO% in anesthetized, 
spontaneously hypertensive rats (Ohno et al., 1992). 
The difference in the findings of these studies is likely 
due to the blockade of endothelin ET, receptors by 
the antibodies. 

Administration of BMS-182874 had no significant 
effect on urine flow in spontaneously hypertensive rats, 
suggesting that endothelin ET, receptors are not im- 
portant in mediating the effects of endogenous en- 
dothelin on basal urine output in spontaneously hyper- 
tensive rats. Natriuresis and diuresis were induced by 
infusion of endothelin in nor,motensive animals (Perico 
et al., 1990, but these effects are likely mediated 
through endothelin ET, receptors (Edwards et al., 
1993; Kamphuis et al., 1994), at least partially via 
inhibition of arginine vasopressin responsiveness in the 
inner medullary collecting duct (Kohan, 1993). 

Using subtype selective radioligands, we have 
demonstrated that the endothelin ET, to endothelin 
ET, receptor distribution in kidneys from nom?oten- 
sive rats is 33 :67. This proportion of endothelin ET, 
to endothelin ET, subtypes differs slightly from the 
50: 50 ratio previously reported in the renal cortex 
from normotensive rats (Nambi et al., 1992a). The 
reason for the difference is likely due to the region of 
the kidney evaluated. This result suggests a higher 
proportion of endothelin ET, receptors in medulla 
from normotensive rats than in the cortex, which has 
been observed by other investigators (Gellai et al., 
1994). 

Consistent with a role for endothelin ET, receptor 
regUhtiOri of renal function in this mode1 of genetic 
hypertension was the 50% increase in endothelin ET, 
receptor density observed in spontaneously hyperten- 
sive rats. The [‘2511endothelin-I equilibrium dissocia- 
tion constant in spontaneously hypertensive rat kidney 
(90 PM) indicates that the increased endothelin ET, 
receptor population has retained high affinity binding 
to endothelin-1. Tomobe et al. (1991) also found a 50% 
increase in ~‘251]endothelin-l binding sites in aorta of 

spontaneous!y hypertensive rats with no change in 
equilibrium dissociation constant values. This radioli- 
gand is non-selective for endothelin receptor subtypes, 
precluding evaluation of effects on endothelin ETA or 
endothelin ET, receptor populations. 

Using the endothelin ET, selective agonist, [‘25E]IRL. 
1620, there was no increase in endothelin ET, recep- 
tor density in kidneys from spontaneously hypertensive 
rats. This indicates that the increased [1251]endothelin-l 
binding in spontaneously hypertensive rats compared 
to normotensive controls was due to an increase in 
endothelin ET, receptor subtype. Thus, using both 
[‘251]endothelin-I and [‘251]IRL1620, the data indicate 
that the endothelin ET& to endothelin ET, receptor 
ratio is m 30: 70 in kidneys from normotensive rats, 
and 50 : 50 in spontaneously hypertensive rat kidneys. 

We observed significantly higher plasma immuno- 
reactive endothelin levels in spontaneously hyperten- 
sive rats than in normotensive rats, using a radioim- 
munoassay that cannot discriminate endothelin-1 from 
endothelin-2 or endothelin-3. The results reported by 
Khraibi et al. (1993) were similar to those described 
above. However, endothelin-1 and endothelin-3 levels 
were comparable in another study in spontaneously 
hypertensive rats and normotensive rats (Vemulapalli 
et aI_ 19911, and lower levels of immunorcactive en- 
dothelin were reported in spontaneously hypertensive 
rats than Wistar-Kyoto rats (Suzuki et al., 1990). The 
differences in these studies may depend on the age and 
substrain of rats used. The rise in plasma immuno- 
reactive endothelin and the increased endothelin-A 
receptor expression observed in the current study may 
indicate an aberration in hormonal feedback in sponta- 
neously hypertensive rats, or local tissue levels of en- 
dothelin may affect receptor expression to a greater 
extent than plasma levels. 

The role of endothelin in the pathogenesis of hyper- 
tension remains open to question (Schiffrin, 1995). We 
have shown that blockade of endothelin ETA receptors 
with BMS-182874 decreased blood pressure by 40 mm 
Hg in anesthetized, spontaneously hypertensive rats. 
These results agree with the findings of other investiga- 
tors. Ohlstein et al. (1993) reported antihypertensive 
effects of BQ-123, infused during a 6 h period in 
conscious, spontaneously hypertensive rats. McMahon 
et al. (1993) found a decrease in mean arterial pressure 
of 25 mm Hg in conscious, spontaneously hypertensive 
rats infused with BQ-123 (50 mg/kg/h) for 5 h, but 
lower doses of BQ-123 (10 and 30 mg/kg/h), that 
inhibited an endothelin-l-induced pressor response, 
failed to reduce blood pressure. While we observed an 
acute effect of BMS-182874 in anesthetized, sponta- 
neously hypertensive rats, consistent antihypertensive 
effects were not present after 3 days of administration 
in conscious, spontaneously hypertensive rats (Bird et 
al., 1995). Additional long-term testing of selective and 



non-selective endothelin receptor antagonists is neces- 
sary to verify a role for endothehn in by~ertensio~. 

Bn summary, administration of the novel, non- 
peptide, selective endothelin ET, receptor antagonist, 
BMS-182874, decreased renal blood flow and mean 
arterial pressure in anesthetized, spontaneously hyper- 
tensive rats. Endothelin ETA, but not endothelin ET,. 
receptor density was increased in kidneys from sponta- 
neously hypertensive rats. Taken together, the renal 
effects of BMS-182874, the increased endothelin ET,% 
receptor expression, and the elevated plasma concen- 
tration of endothehn in spontaneously hypertensive 
rats suggest a role for endothelin ET,, receptors in the 
regulation of renal function in this genetic model of 
hypertension. 

We thank Dr. Phillip Stein for synthesis of BMS- 
182874. 

eferences 

Badr, K.F., J.J. Murray, M.D. Greyer, K. Takahashi. T. inagami and 

R.C. Harris. i989. Mesangial ceil. glomerular. and renal vascular 
responses to endotbelin in the kidney, J. Clin. Invest. X3. 336. 

Bird, J.E.. S. Moreland. T.L. Waldrnn and J.R. Powell, 1995. Antihy- 
pertensive effects of a novel endothelin-A receptor antagonist in 
rats, Hypertension 25. II9 1. 

Edwards. R.M., E.J. Stack, M. Pullen and P. Nambi. lYY3, Endothe- 

lin inhibits vasopressin action in rat inner medullav collecting 
duct via the ETB receptor, J. Pharmacol. Exp. Ther. 267. 102X. 

Gellai, M.. R. DeWolf, M. Pullen and P. Nambi. IYY-I. Distribution 

and functional role of renal ET receptor subtypes in normoten- 
sive and hypertensive rats, Kidney Int. 46. 1287. 

Kamphuis. C.. N.A. Yates and J.G. McDougall, lYY1. Diffrrentia! 
blockade of the renal vasoconstrictor and diuretic responses to 

endothelin-1 by endothelin actagomst, Clin. Exp. Pharmacol. 
Physiol. 21, 329. 

Khraibi. AA., D.M. Heublein. K.G. Knox and J.C. Burnett. 1903. 
increased plasma level of endothelin-1 in the Okamoto sponta- 
neously hypertensive rat, Mayo Clin. Proc. 68. 42. 

Kohan, D.E.. 1993, Autocrine role of endothelin in rat inner 

medullary collecting duct: inhibition of AVP-induced cAMP ac- 

cumulation, J. Cardiovasc. Pharmacol. 22 fS8l. Sl7-t. 
McMahon, E.G., M.A. Palomo, M. Brown. S.R. Bertenshaw and J.S. 

Carter, 1993, Effect of phosphoramidon (endothelin converting 
enzyme inhibitor) and BQ-123 (endothelin receptor subtype A 
antagonist) on blood pressure in hypertensive rats. Am J. Hyper- 

tens. 6, 667. 
Miller. W-L., M.M. Redfield and J.C. Burnett. 1989, Integrated 

cardiac, renal. and endocrine actions of endothelin. J. Clin. 

Invest. 83. 317. 
Nambi, P.. H.L. Wu, M. Pullen, N. Aiyar, H. Bryan and J. Elliott. 

1992a, Identification of endothelin receptor subtypes in rat kid- 
ney cortex using subtype-selective ligands. Mol. Pharmacol. 42, 

336. 
Nambi, P., M. Pullen. H. Wu. N. Aiyar, E.H. Ohlstein and R.M. 

Edwards, 1992b, Identification of endothelin receptor subtypes in 
human renal cortex and medulla using subtype-selective ligands. 

Endocrinology 131, 1081. 

Ohlslein. Eti.. VI. E&&l, M. Gcllai and S.A. Dc1upPa4. IYY3. 
Antihyperfcn\ivr effect of 80-123 in conscious spontanerm~l~ 
hyportensivc rats. J. Cardiovasc. Pharmacol. 22 (Suppi. XI. S.321, 

Ohno, A.. M. Narusc, S. Kate. M. Ifosaka. K. Naruse. Iii. Demura 
and N. Sugino. IYY2. Endothelin-specitic antihudirs decrease 
blood prc\surc and incrcuse glomrrular filtration rate and renal 
plasma flt,t:; in spuntaneim+ hypertcn\ivc rats. 9. Hypcrtens. It). 
7x1. 

Perico. N., R.P. Cornejo. A. Benigni. B. Malanchini. J.R. Ladny and 
G. Remuzzi. 1401. Endothelin induces diuresis and natriuresis in 
the rat by acting on proximal tubular cells through a mechanism 
mediated hy lipoxygenase product\. J. Am. Sot. Nrphrol. 2. 57. 

Roman. R.J. and A.W. Cowley. lYX5. Abnormal pressurr-diuresis- 
natriuresis response in spontaneously hypertensive rats. Am. J. 
Physiol. 21X. FIYY. 

Scazhard, G.. IY-IY. The attractions of proteins for \mall molecules 
and ions. z’_nn. NY Acad. Sci. il. hhtl. 

Schiffrin. EL.. lSY5. Endothelin: potential role in byperten+on and 
vascular hbpertrophy. Hypertension 75. 1135. 

Simtm~tm. MS. and Ml. Dunn. 15192. The molecular mechanisms of 
cardiovascular and renal regulation h) tdotidin prptidr~. J. 

Lah. Clin. Med. 114. 622. 

Stein. P.D.. J.T. Hunt. D.M. Floyd. S. Moreland. K.E.J. Dickinson. 
C. Mitcheli. E.C.K. Liu. M-L.. Webb. N. MurugeGn. J. Dickry. 
D. McMullen. R. Zhang. V.G. Lee. R. Serafino. C‘. Drlanq. T.R. 
Schaeffer and M. Kozlowski. lYY-1. The discovery of sulfonamide 
endothelin antagonists and the development of the orally acti\,e 
ET,, antagonist. ~-~dimethvlamino~-.li-~3,3-dimeth~l-.4-i~oxaro- 
lyll-I-naphthalenesulfonamide. EMS-1X287-l. 9. Med. Chum. 37. 
32’1. 

Suzuki. N.. T. Miyduchi. Y. Tomohe. Il. h/latsumoto. K. Goto. T. 
Masaki and M. Fujino. IYYO. Plasma concentration of endothelin- 
I in spontaneously hypertensive rais and DOC’A-salt hypertensive 
rats. Biochem. Biophys. Res. Commun. 167. YJI. 

Takai. M.. I. Umemura. K. Yamasaki. T. Watakahr. Y. Fujitani. k. 
Oda. Y. Urade. T. Inui. T. Yamammura and T. Okada. IYYZ. A 
potent and specific agonist. Sue-[Glu”.ibla”.“]-rndcathclin-1(X- 
21 I, IRL lh20. for the ET,, receptor. Biochrm. Biophys. Res. 
Commun. 1X-l. Y5.3. 

Terada. Y.. K. Tomita. H. Nonoguchi and F. Marumo. lYY2. Differ- 
ent localization of two typrs of cndothrlin receptor mRNA in 
microdissected rat nephron segments using rcvcrsc’ transcription 
and polymcrase chain reaction assay. J. Clin. Invest. VII. 107. 

Tomobe. Y.. 1. Ishikawa. M. Yanagisawa. S. Kimura. T. Masaki and 
K. Gnto. IYYI. Mechanisms of altered sensitivity to endothelin-I 
between aortic smooth muscles of apontanrously hypertensive 
and Wistar-Kyoto rats. J. Pharmacol. Exp. Ther. 257. 556. 

Vemulapalli. S.. P.J.S. Chiu. M. Rivelli. C.J. Foster and E.J. Sybertz. 
1091. Modulation of circulating endothelin levels in hypertension 
and endotoxemia in rats. J. Cardiovasc. Pharmacol. 18. X05. 

Warner. T.D.. B. Battistini. G.H. Allcock and J.R. Vane. 199X 

Endothelin ET, and ET, receptors mediate vasoconstriction and 

prostanoid release in the isolated kidney of the rat. Eur. J. 

Pharmacol. 250. 447. 
Webb, M.L.. E.C.K. Liu. H. Monshizadegan. CC. Chao. J. Lynch. 

SM. Fisher and P.M. Rose. 1993. Expression c,t endothelin tETI 
receptor subtypes in rabbit saphcnous vein. Mol. Pharmacol. 44. 

Y5Y. 
Webb. M.L., J.E. Bird. E.C.K. Liu. P.M. Rose. R. Seraiino. P.D. 

Stem and S. Moreland. 1905. BMS-IX2874 is a seleclive. nonpep- 
tide endothelin ET:, receptor antagonist. J. Pbarmacol. Exp. 

Ther. 272. 1124. 
&ja. C.. S. Grisio. N. Perico. A. Benigni. M. Morigi. L. Benatti. A. 

Rambaldi and G. Remuzzi. 1991. Constitutive expression of en- 

dothelin gene in cultured human mesangial cells and its modula- 
tion by transforming growth factor h. thromhin. and a thromhox- 

ant: A2 analogue. Lah. Invest. 64. 16. 


