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Renal effects of endothelin in anesthetized rabbits
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Abstract

Ž . qIntrarenal arterial infusion of endothelin-1 1, 3 and 10 ngrkg per min reduced renal blood flow, urine flow rate and urinary Na
q Ž . wŽ . wŽ .excretion without affecting fractional Na excretion in anesthetized rabbits. An endothelin ET receptor antagonist R 2- R -2- S -2-A

ww Ž .x x x w Ž .x x Ž .1- hexahydro-1H-azepinyl carbonyl amino-4-methyl-pentanoyl amino-3- 3- 1-methyl-1H-indolyl propionyl amino-3- 2-pyridyl propio-
Ž . Ž .nic acid FR139317, 1 mgrkg per min attenuated the endothelin-1 1 ngrkg per min -induced renal responses. An endothelin ETB

Žreceptor antagonist N-cis 2,6-dimetylpiperidinocarbonyl-L-g-metylleucyl-D-1-methoxycarbonyltryptophanyl-D-norleucine BQ-788, 1
. q

mgrkg per min potentiated the endothelin-1-induced changes in renal blood flow, urine flow rate and urinary Na excretion. A nitric
Ž . v Ž .oxide NO synthase inhibitor N -nitro-L-arginine methyl ester L-NAME, 50 mgrkg per min also potentiated the endothelin-1-induced

reductions in urine flow rate and urinary Naq excretion but not the reduction in renal blood flow. Endothelin-1 reduced fractional Naq

Ž .excretion in the presence of BQ-788 or L-NAME. A spontaneous NO donor 1-hydroxy-2-oxo-3- N-methyl-3-aminopropyl -3-methyl-1-
Ž .triazene 30 ngrkg per min slightly attenuated the antinatriuresis but not the vasoconstriction induced by endothelin-1. These results

suggest that in the rabbit kidney in vivo endothelin ET receptors mediate endothelin-1-evoked vasoconstriction and tubular Naq
A

reabsorption, that the concomitant stimulation of endothelin ET receptors by endothelin-1 counteracts both the ET receptor-mediatedB A

vascular and tubular actions, and that the tubular action, but not the vascular action, of endothelin-1 is also susceptible to changes in renal
NO level. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Endothelin, a 21-amino acid peptide that is released
from vascular endothelial cells, causes transient hypoten-
sion followed by potent and continuous hypertension
Ž .Yanagisawa et al., 1988 . It has been reported that en-
dothelin reduces renal blood flow and glomerular filtration

Ž .rate Kon and Badr, 1991 . The renal medulla contains the
Žhighest concentration of endothelin in the body Kitamura

.et al., 1989 . The production of endothelin is confined to
Žendothelial cells in the renal microvessels MacCumber et

. Ž .al., 1989 and glomeruli Marsden et al., 1991 and in the
Ž .renal tubular epithelial cells Shichiri et al., 1989 . There-

fore, endothelin is regarded as a modulator of renal func-
tions.

Endothelin receptors have two main subtypes, namely,
ET and ET . However, the renal effects of endothelin andA B
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the participation of endothelin ET and ET receptors inA B

them are still controversial. Endothelin is reported to in-
Ž .duce antinatriuresis Goetz et al., 1988; Miller et al., 1989

Ž .or natriuresis King et al., 1989; Munger et al., 1991 .
Endothelin induces renal vasoconstriction via endothelin

Ž .ET receptors Clavell et al., 1995 or ET receptorsA B
Ž .Matsuura et al., 1996 , or vasodilation via endothelin ETB

Ž .receptors Yukimura et al., 1994 .
Ž .Nitric oxide NO has been suggested to contribute to

the maintenance of renal circulation and urine formation
and to modulate the neural and humoral control of the
renal functions. NO synthase inhibitors such as N-mono-

Ž . G Ž .methyl-L-arginine L-NMMA , N -nitro-L-arginine L-NA
v Ž .and N -nitro-L-arginine methyl ester L-NAME induce

Žrenal vasoconstriction and antinatriuresis Tolins et al.,
.1990; Majid et al., 1993 and facilitate norepinephrine- and

angiotensin II-induced renal vasoconstriction and antinatri-
Ž .uresis Adachi et al., 1996; Ono et al., 1998 in experimen-

tal animals. Our recent studies have also shown that a
Žspontaneous NO donor 1-hydroxy-2-oxo-3- N-methyl-3-
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Table 1
Systemic and renal effects of endothelin-1 in Group 1

Basal Endothelin-1

1 ngrkg per min 3 ngrkg per min 10 ngrkg per min

10–20 20–30 min 10–20 20–30 min 10–20 20–30 min

Ž .MAP mmHg 80"2 80"2 79"3 77"3 77"4 77"2 77"3
a b bŽ .HR bpm 239"11 237"12 232"11 230"12 225"12 224"14 220"17

b b b b bŽ .RBF mlrmin 42"5 40"4 29"4 27"3 18"4 14"3 12"2
a b b bŽ .GFR mlrmin 5.6"1.0 5.7"1.4 4.3"0.6 3.8"0.9 2.8"0.9 2.2"0.9 1.7"0.8

Ž .FF % 23"2 23"3 26"3 24"3 25"6 28"11 25"11
b b bŽ .UV mlrmin 0.29"0.06 0.26"0.06 0.22"0.07 0.18"0.06 0.11"0.04 0.08"0.03 0.04"0.03

a b b b bŽ .UNaV mEqrmin 19.2"4.1 17.6"4.2 13.7"3.9 10.2"3.0 7.9"2.6 4.8"1.4 2.6"1.5
Ž .FENa % 2.8"0.7 2.6"0.7 2.5"0.9 2.1"0.7 2.9"1.0 3.3"1.1 3.6"2.0

Values are means"S.E.
MAP, mean arterial pressure; HR, heart rate; RBF, renal blood flow; GFR, glomerular filtration rate; FF, filtration fraction; UV, urine flow rate; UNaV,
urinary Naq excretion; FENa, fractional Naq excretion; Endothelin-1 was infused into the renal artery. ns6.
aP-0.05, bP-0.01 compared with the corresponding basal value.

. Ž .aminopropyl -3-methyl-1-triazene NOC 7 suppresses an-
giotensin II- and norepinephrine-induced renal responses

Žin anesthetized rabbits Adachi et al., 1997; Ono et al.,
.1998 . Since endothelin-1 and endothelin-3 have been

suggested to enhance the production of nitric oxide through
stimulation of endothelin ET receptors located on en-B

Ž .dothelial cells Hirata et al., 1995 , NO may modify the
physiological and pharmacological actions of endothelin in
the kidney.

In the present study, to clarify whether endothelin ETA

or ET receptors participate in, and whether NO interactsB

with, the renal actions of endothelin, we examined effects
Ž . wŽ . wŽ .of an endothelin ET receptor antagonist R 2- R -2- S -A

ww Ž .x x2- 1- hexahydro-1H-azepinyl carbonyl amino -4- methyl-
x w Ž . x xpentanoyl amino-3- 3- 1-methyl-1H-indolyl propionyl -
Ž . Ž .amino-3- 2-pyridyl propionic acid FR139317 , an endo-

thelin ET receptor antagonist N-cis 2,6-dimetylpiperi-B

inocarbonyl- L -g -metylleucyl-D-1 -methoxycarbonyltrypto-
Ž .hanyl-D-norleucine BQ-788 , a NO synthase inhibitor L-

NAME and a NO donor NOC 7 on endothelin-1-induced
changes in renal functions in anesthetized rabbits.

2. Materials and methods

2.1. Preparation

Ž .Male Japanese white rabbits 2.5–3.5 kg were anes-
Ž .thetized with sodium pentobarbital 40 mgrkg injected

through a marginal ear vein. The trachea was cannulated
Žand then artificially ventilated with room air stroke vol-

.ume 50 ml, 25 rpm . A double-lumen catheter was inserted
into the right femoral vein for drug administration. Anes-
thesia was maintained by continuous infusion of pento-

Ž .barbital 2–4 mgrkg per h, i.v. throughout the experi-
Žments. Inulin, dissolved in plasma extender solution con-

sisting of NaCl, 0.5 g; KCl, 0.03 g; CaCl , 0.02 g;2
.glucose, 1.5 g; sodium lactate, 0.224 g in 100 ml , was

given i.v. at a priming dose of 50 mgrkg and at a
Žmaintenance dose of 1 mgrkg per min 0.1 mlrkg per

.min . The right femoral artery was cannulated for collec-
tion of arterial blood samples and measurement of arterial

Žblood pressure with a pressure transducer model TP-200T,
.Nihon Kohden, Tokyo, Japan . The left kidney was ex-

posed by a retroperitoneal flank incision, and the animal
was suspended by clamping one of its lumbar spinous
processes to facilitate manipulation. A catheter for urine
collection was inserted into the ureter. All visible renal
nerves were dissected away from the renal vessels and cut

Table 2
Systemic hemodynamics during the experiments in Groups 2–6

Blank Basal Endothelin-1

20–30 min 30–40 min 40–50 min

Ž .Group 2 ns12 Vehicle
Ž .MAP mmHg 81"3 83"2 84"3 83"3 83"3

bŽ .HR bpm 215"7 218"7 216"6 215"8 214"8

Ž .Group 3 ns6 FR139317
Ž .MAP mmHg 81"1 77"1 78"1 78"2 79"2

b bŽ .HR bpm 230"11 223"12 219"13 216"14 216"15

Ž .Group 4 ns6 BQ-788
Ž .MAP mmHg 72"6 70"6 69"6 71"7 70"7

b b bŽ .HR bpm 191"14 188"14 181"14 179"14 177"14

Ž .Group 5 ns8 L-NAME
a b b bŽ .MAP mmHg 83"2 91"2 94"3 95"2 96"3
a b b bŽ .HR bpm 237"4 228"5 217"6 214"6 212"6

Ž .Group 6 ns6 NOC 7
Ž .MAP mmHg 84"3 80"2 81"3 81"3 82"3

bŽ .HR bpm 220"11 217"13 214"15 212"15 211"15

Ž . Ž .Values means"S.E. were obtained in the absence of drug ‘Blank’ ,
Ž .before endothelin-1 infusion ‘Basal’ and during endothelin infusion.

ŽMAP, mean arterial pressure; HR, heart rate. Endothelin-1 1 ngrkg per
. Ž . Ž .min , FR139317 1 mgrkg per min , BQ-788 1 mgrkg per min ,

Ž . Ž .L-NAME 50 mgrkg per min and NOC 7 30 ngrkg per min were
infused into the renal artery.
aP -0.05; bP -0.01 compared with the corresponding basal value.
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after ligation to exclude possible effects of drugs on the
neural control of renal function. An electromagnetic flow

Ž .probe 1.5 mm in diameter, Nihon Kohden was attached
to the renal artery to measure renal blood flow with a

Ž .square-wave flowmeter model MF-27, Nihon Kohden . A
curved 30-gauge needle connected to PE 10 tubing with

Žfour side branches for single or combined intrarenal arte-
.rial infusion of drugs was placed in the renal artery for

Ž .drug infusion. Heparinized 0.9% saline 250 unitsrml
Ž .was continuously infused via this catheter 1.0 mlrh

throughout the experiments. Blood pressure, heart rate and
renal blood flow were recorded with a polygraph system

Ž .model PM-6000, Nihon Kohden . After completion of
surgery, more than 90 min was allowed for stabilization
with continuous monitoring of urine flow and hemodynam-
ics. The animals were divided into six groups.

2.2. Experimental protocols

2.2.1. Group
Urine was collected over a 10-min period and 0.6 ml of

arterial blood was withdrawn at the midpoint of urine
Ž .collection ns6 . Endothelin-1 was then infused into the

renal artery at increasing doses of 1, 3 and 10 ngrkg per

Ž . Ž . Ž .Fig. 1. Effects of vehicle Group 2, ns12 , FR139317 1 mgrkg per min, Group 3, ns6 or BQ-788 1 mgrkg per min, Group 4, ns6 on
Ž . Ž .endothelin-1 1 ngrkg per min -induced renal responses. Values means"S.E. represent percent changes from the basal levels. RBF, renal blood flow;

GFR, glomerular filtration rate; FF, filtration fraction; UV, urine flow rate; UNaV, urinary Naq excretion; FENa, fractional Naq excretion. †P-0.05,
Ž .††P-0.01 compared with the corresponding vehicle control value Group 2 .
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min for 30 min each. Urine and blood samples were
collected during 10–20 min and 20–30 min of endothelin-1
infusion at each dose.

2.2.2. Groups 2–6
Urine was collected over a 10-min period and 0.6 ml of

arterial blood was withdrawn at the midpoint of urine
Žcollection. Then intrarenal arterial infusion of vehicle 0.9%

. Žsaline, Group 2, ns12 , FR139317 1 mgrkg per min,
. ŽGroup 3, ns6 , BQ-788 1 mgrkg per min, Group 4,

. Ž .ns6 , L-NAME 50 mgrkg per min, Group 5, ns8 or
Ž .NOC 7 30 ngrkg per min, Group 6, ns6 was started.

Thirty minutes after the start of drug infusion, urine and
blood samples were collected again, and then endothelin-1
was infused into the renal artery at 1 ngrkgrmin during
simultaneous infusion of the drug. Urine and blood sam-
ples were collected during 20–30 min, 30–40 min and
40–50 min of endothelin-1 infusion.

2.3. Measurements

Blood samples were transferred to ice-chilled tubes
Ž .containing ammonium EDTA 6 mgrml blood and then

centrifuged to obtain plasma samples. Glomerular filtration

Ž . Ž . ŽFig. 2. Effects of L-NAME 50 mgrkg per min, Group 5, ns8 or NOC 7 30 ngrkg per min, Group 6, ns6 on endothelin-1 1 ngrkg per
. Ž .min -induced renal responses. Values means"S.E. represent percent changes from the basal levels. RBF, renal blood flow; GFR, glomerular filtration

rate; FF, filtration fraction; UV, urine flow rate; UNaV, urinary Naq excretion; FENa, fractional Naq excretion. †P-0.05, ††P-0.01 compared with the
Ž .corresponding vehicle control value Group 2 .
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rate was determined as inulin clearance. Inulin concentra-
tion in plasma and urine was measured by the anthrone
method. Naq and Kq were measured by flame photometry
Ž .model 775A, Hitachi .

2.4. Drugs

Ž .Endothelin-1 Peptide Institute, Osaka, Japan , L-NAME
Ž .Sigma Chemical, St. Louis, MO, USA and FR139317
Ž .Fujisawa Pharmaceutical, Tsukuba, Japan were dissolved

Žin 0.9% saline. BQ-788 Banyu Pharmaceutical, Tsukuba,
. ŽJapan and NOC 7 Dojindo Laboratories, Kumamoto,
.Japan were dissolved in small amount of dimethylsulf-

oxide and 0.1 M NaOH, respectively, and diluted with
Ž0.9% saline the final concentration of dimethylsulfoxide

.in the drug solution was less than 1% . In preliminary
experiments, we had confirmed that NaOH or dimethyl-
sulfoxide within the same concentration range as used in
this study did not affect the renal parameters.

2.5. Statistics

All values are expressed as means"S.E. Effects of
endothelin-1 were analyzed by analysis of variance
Ž .ANOVA for single-factor repeated measures. When
ANOVA showed a statistical difference, the values in the
basal period and in the endothelin-1 infusion period were
compared by using Dunnett’s test. Effects of drugs on the
percent changes induced by endothelin-1 in the vehicle

Ž . Ž .group Group 2 and the drug infusion group Groups 3–6
were analyzed by three-factor ANOVA. When ANOVA
showed a statistical difference, the values for each en-
dothelin-1 infusion period in the vehicle group and in the
drug infusion group were compared by using Dunnett’s
test. Student’s paired t-test was used to compare values

Ž .before drug infusion blank and during FR139317, BQ-
788, L-NAME or NOC 7 infusion before the start of

Ž .endothelin infusion basal . Differences at P-0.05 were
considered to be statistically significant.

3. Results

ŽIntrarenal arterial infusion of endothelin-1 1, 3 and 10
.ngrkgrmin gradually reduced renal blood flow, glomeru-

lar filtration rate, urine flow rate and urinary Naq excre-
tion in a dose-dependent manner while causing little change

q Žin filtration fraction or fractional Na excretion Group 1,
.Table 1 . Endothelin-1 did not affect the mean arterial

Ž .pressure in either experimental group Tables 1 and 2 .
Ž .In non-treated rabbits Group 2 , intrarenal arterial infu-

sion of endothelin-1 at 1 ngrkg per min gradually reduced
renal blood flow, glomerular filtration rate, urine flow rate
and urinary Naq excretion by about 25–30% while caus-

q Ž .ing little change in fractional Na excretion Fig. 1 . The
endothelin-1-induced renal responses in Groups 2–6 are

shown in Figs. 1 and 2 as percent changes from the basal
values shown in Table 3.

ŽIntrarenal arterial infusion of FR139317 1 mgrkg per
. Ž .min or BQ-788 1 mgrkg per min did not affect systemic

Žor renal hemodynamics or urinary parameters Tables 2
.and 3 . FR139317 suppressed the endothelin-1-induced

changes in renal blood flow, urine flow rate and urinary
q Ž .Na excretion Group 3, Fig. 1 . BQ-788 potentiated the

endothelin-1-induced reductions in renal blood flow,
glomerular filtration rate, urine flow rate and urinary Naq

Ž .excretion Group 4, Fig. 1 . During BQ-788 infusion,
endothelin-1 significantly increased filtration fraction and

q Ž .reduced fractional Na excretion Group 4, Fig. 1 .

Table 3
Effects of vehicle, FR139317, BQ-788, L-NAME and NOC 7 on renal
functions in Groups 2–6

Blank Basal

Ž .Group 2 ns12 Vehicle
Ž .RBF mlrmin 33"4 33"3
Ž .GFR mlrmin 3.8"0.2 3.7"0.2

Ž .FF % 24"4 23"4
Ž .UV mlrmin 0.45"0.06 0.41"0.04

Ž .UNaV mEqrmin 36.7"7.0 33.7"4.2
Ž .FENa % 7.9"1.5 7.3"1.1

Ž .Group 3 ns6 FR139317
Ž .RBF mlrmin 30"4 30"4
Ž .GFR mlrmin 4.1"0.5 4.5"0.5

Ž .FF % 27"7 27"5
Ž .UV mlrmin 0.30"0.08 0.32"0.05

Ž .UNaV mEqrmin 18.1"3.6 18.1"2.3
Ž .FENa % 3.6"0.7 3.6"0.5

Ž .Group 4 ns6 BQ-788
Ž .RBF mlrmin 23"3 20"4
Ž .GFR mlrmin 2.9"0.5 2.4"0.5

Ž .FF % 24"4 23"4
Ž .UV mlrmin 0.33"0.04 0.24"0.04

Ž .UNaV mEqrmin 22.8"2.6 16.0"2.8
Ž .FENa % 6.3"1.1 5.8"1.4

Ž .Group 5 ns6 L-NAME
bŽ .RBF mlrmin 36"3 24"4

Ž .GFR mlrmin 4.2"0.6 3.9"0.4
aŽ .FF % 22"4 40"9

bŽ .UV mlrmin 0.37"0.03 0.24"0.03
bŽ .UNaV mEqrmin 25.1"4.7 15.7"3.3
bŽ .FENa % 5.2"1.4 3.5"1.1

Ž .Group 6 ns6 NOC 7
Ž .RBF mlrmin 32"3 33"3
Ž .GFR mlrmin 4.4"0.7 4.7"0.5

Ž .FF % 25"3 26"3
Ž .UV mlrmin 0.28"0.05 0.28"0.06

Ž .UNaV mEqrmin 19.9"2.4 19.6"4.0
Ž .FENa % 3.6"0.6 3.1"0.5

Ž . Ž .Values means"S.E. were obtained in the absence of drug ‘Blank’ and
Ž . Ž .before endothelin-1 infusion ‘Basal’ . FR139317 1 mgrkg per min ,

Ž . Ž .BQ-788 1 mgrkg per min , L-NAME 50 mgrkg per min and NOC 7
Ž .30 ngrkg per min were infused into the renal artery. Abbreviations are
as in Table 1.
aP -0.05; bP -0.01 compared with the corresponding blank value.
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ŽIntrarenal arterial infusion of L-NAME 50 mgrkg per
.min reduced renal blood flow, urine flow rate, urinary

q q ŽNa excretion and fractional Na excretion Group 5,
.Table 3 . L-NAME potentiated the endothelin-1-induced

changes in urine flow rate and urinary Naq excretion
without affecting the change in renal blood flow or

Ž .glomerular filtration rate Group 5, Fig. 2 . During L-
NAME infusion, endothelin-1 significantly reduced frac-

q Ž .tional Na excretion Group 5 .
ŽIntrarenal arterial infusion of NOC 7 30 ngrkg per

. Ž .min, Group 6 did not affect the basal values Table 3 or
Žthe endothelin-1-induced decrease in renal blood flow Fig.

.2 , but it tended to attenuate the endothelin-1-induced
reduction in urine flow rate and suppressed the reduction

q Ž .in urinary Na excretion Fig. 2 .
Ž .In additional experiments ns4 , we examined the

Žeffects of simultaneous administration of BQ-788 1 mgrkg
. Ž .per min and FR139317 1 mgrkg per min on the en-

Ž .dothelin-1-induced renal responses ns4 . Endothelin-1
Ž .1 ngrkg per min failed to affect the renal parameters in
the presence of these two antagonists. The values before

Ž .and during endothelin-1 infusion 40–50 min of infusion
were as follows: renal blood flow, 25"3 and 25"3
mlrmin; glomerular filtration rate, 2.0"0.4 and 1.9"0.2
mlrmin; urine flow rate, 0.20"0.05 and 0.22"0.07
mlrmin; urinary Naq excretion, 19.0"4.2 and 20.8"6.2
mEqrmin; and fractional Naq excretion, 8.8"2.6% and
9.7"3.4%, respectively.

4. Discussion

The present study was performed to elucidate the roles
of endothelin ET and ET receptors and the NO systemA B

in the renal actions of endothelin. The effects of FR139317
Ž . Žendothelin ET receptor antagonist , BQ-788 endothelinA

. ŽET receptor antagonist , L-NAME NO synthase in-B
. Ž .hibitor and NOC 7 NO donor on endothelin-1-induced

changes in renal hemodynamics and urine formation were
evaluated in anesthetized rabbits.

Ž .In the first series of experiments Group 1 , the dose–
response relationship of endothelin-1 was examined to
clarify its renal actions. Intrarenal arterial infusion of

Ž .endothelin-1 1, 3 and 10 ngrkg per min reduced renal
blood flow, glomerular filtration rate, urine flow rate and
urinary Naq excretion in a dose-dependent manner. How-
ever, no statistically significant change in fractional Naq

excretion was observed with any dose of endothelin-1,
implying that endothelin-1 does not affect renal tubular
Naq reabsorption. Although endothelin-1 is reported to
reduce both glomerular filtration rate and fractional Naq

Ž .excretion in anesthetized dogs Takagi et al., 1993 and
Ž .rats Matsumura et al., 1989 , our present results suggest

Žthat endothelin-1, like angiotensin II Adachi et al., 1996,
.1997 , induces antinatriuresis predominantly through renal

vasoconstriction and hypofiltration in anesthetized rabbits.

Ž .In the following series of experiments Groups 2 to 6 ,
endothelin was infused at a dose of 1 ngrkg per min, a
dose which had been found in Group 1 experiments to
reduce urine flow rate and urinary Naq excretion to almost

Ž .the same extent by about 25–30% as the reduction
obtained by infusion of angiotensin II or norepinephrine in

Žour previous studies Adachi et al., 1996, 1997; Ono et al.,
.1998 . Infusion of endothelin at this dose alone in non-

Ž .treated rabbits elicited moderate renal responses Group 2 .
It has been reported that an endothelin ET receptorA

antagonist BQ-123 does not suppress the endothelin-1-in-
duced reduction in renal blood flow in anesthetized rats
Ž .Cristol et al., 1993 . Recent studies, however, have shown
that BQ-123 prevents vasoconstrictor responses to en-

Ždothelin-1 in perfused rabbit kidneys D’Orleans-Juste et´
. Ž .al., 1995 and in anesthetized dogs Clavell et al., 1995 .

In our study, FR139317 abolished the endothelin-1-in-
duced reductions in renal blood flow, glomerular filtration

q Ž .rate, urine flow rate and urinary Na excretion Group 3 .
These results suggest that in anesthetized rabbits endothe-
lin-1-induced renal vasoconstriction and hypofiltration are
mediated by endothelin ET receptors.A

BQ-788 has been reported to enhance the endothelin-1-
induced reduction in renal blood flow in anesthetized rats
Ž .Matsuura et al., 1996 and the elevation of perfusion

Žpressure in isolated rabbit kidneys D’Orleans-Juste et al.,´
.1995 . In our present study, BQ-788 potentiated the en-

dothelin-1-induced reductions in renal blood flow,
glomerular filtration rate, urine flow rate and urinary Naq

Ž .excretion Group 4 . Furthermore, endothelin-1 reduced
fractional Naq excretion during BQ-788 infusion. It should
be noted that infusion of endothelin-1 alone at the higher

Ž .dose 3 ngrkg per min, Group 1 failed to affect fractional
Naq excretion, although it reduced the values of other
renal parameters to almost the same extent as observed in

Ž .these experiments Group 4 . Therefore the endothelin-1-
induced reduction in fractional Naq excretion in the pres-
ence of BQ-788 does not depend on changes in renal
hemodynamics or glomerular filtration. We also observed
that the facilitatory effects of BQ-788 on the endothelin-1-
induced renal responses were abolished by simultaneous
infusion of FR139317. Our present results suggest that
endothelin-1-induced renal vasoconstriction and hypofiltra-
tion, both of which are mediated by endothelin ET recep-A

tors, are attenuated by concomitant stimulation of endothe-
lin ET receptors, and that endothelin-1 can facilitateB

tubular Naq reabsorption through stimulation of endothe-
lin ET receptors, but the renal tubular action is counter-A

acted by endothelin ET receptor-mediated mechanisms.B

It has been reported that pretreatment with a NO syn-
thase inhibitor L-NMMA enhances the reduction in renal
blood flow observed during intravenous infusion of en-

Ž .dothelin-1 in anesthetized dogs Lerman et al., 1992 , and
that a soluble guanylate cyclase inhibitor methylene blue
augments the endothelin-induced elevation of perfusion

Ž .pressure in isolated rat kidneys Hirata et al., 1991 . Thus
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NO seems to suppress endothelin-induced vasoconstriction
in the kidney. However, it has also been reported that a
NO synthase inhibitor L-NNA does not enhance the en-
dothelin-1-induced reduction in renal blood flow in con-

Ž .scious dogs Fitzgerald et al., 1995 . In the present study,
the endothelin-1-induced reduction in renal blood flow was

Ž .not enhanced by L-NAME treatment Group 5 . Neither
did NOC 7, which can effectively suppress angiotensin

Ž .II-induced renal vasoconstriction Adachi et al., 1997 ,
affect the endothelin-1-induced renal vasoconstriction
Ž .Group 6 . NO may therefore not modify the renal vascular
response to endothelin-1 in anesthetized rabbits.

However, L-NAME potentiated and NOC 7 tended to
suppress the reductions in urine flow rate and urinary Naq

Ž .excretion induced by endothelin-1 Groups 5 and 6 . En-
dothelin-1 reduced fractional Naq excretion in the pres-

Ž .ence of L-NAME Group 5 . These results suggest that NO
counteracts the endothelin-1-induced antinatriuresis
through suppression of tubular Naq reabsorption. In the rat
proximal straight tubules or in the rabbit inner medullary
collecting duct cells, endothelin prevents tubular Naq re-
absorption by inhibition of Naq, Kq-ATPase activity
Ž .Zeidel et al., 1989; Garvin and Sanders, 1991 . In the

Ž .cultured porcine kidney epithelial cell line LLC-PK cells ,1

endothelin-1 or endothelin-3 elevates cGMP levels via
formation of an endothelium-derived relaxing factor-like

Ž .substance Ishii et al., 1991 , and stimulation of endothelin
ŽET receptors enhances cGMP production Ozaki et al.,B

.1994 . Cyclic GMP has been suggested to inhibit
q Žamiloride-sensitive Na channels Cantiello and Ausiello,

. q q1986; Mohrmann et al., 1987 or Na , K -ATPase activity
Ž .Aperia et al., 1994; Scavone et al., 1995 . In preliminary
experiments, we observed that an endothelin ET receptorB

agonist sarafotoxin S6c elevated fractional Naq excretion
in anesthetized rabbits, an effect which was attenuated by
L-NAME pretreatment. It is therefore possible that NO
participates in the endothelin ET receptor-mediated sup-B

pression of tubular Naq reabsorption during endothelin-1
infusion.

In conclusion, the present study suggests that in the
Ž .rabbit kidney in vivo 1 endothelin-1 causes hypoperfu-

sion and hypofiltration through stimulation of endothelin
Ž .ET receptors, 2 stimulation of endothelin ET receptorsA A

can evoke tubular Naq reabsorption, but the tubular action
is masked and the vascular action is blunted by simultane-

Ž .ous stimulation of endothelin ET receptors and 3 theB

renal NO system counteracts the endothelin ET receptor-A

mediated tubular action but not the vascular action of
endothelin-1.
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