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Abstract

Endothelin-1 has vasoconstrictor and mitogenic properties and may contribute to the pathogenesis of hypertension by enhancing
vasoconstrictor mechanisms. In this study, we investigated the ability of endothelin-1 decrease the hypotensive effects of the vasodilator
bradykinin in anesthetized rats. We also studied the effects a two-week oral pre-treatment with losartan (10 mg/kg/day) or enalapril (25
mg,/kg,/day) on endothelin-1-induced changes in the hypotensive responses to bradykinin. Bradykinin (0.4, 1.6, 6.4, and 25 .g/kg, i.v.)
induced dose-dependent hypotensive responses which were attenuated (P < 0.05) by endothelin-1 (2 wg/kg, i.v.). This effect of
endothelin-1 was abolished by the mixed endothelin receptor antagonist N-Acetyl-alpha-[10,11-Dihydro-5H-dibenzo a,d]cycloheptadien-
5-yl]-0-Gly-Leu-Asp-lle-lle-Trp (PD145065, 1 mg/kg, i.v.). Endothelin-1 also decreased (P < 0.05) the responses to bradykinin in rats
pre-treated with losartan, but had no effect in rats pre-treated with enalapril. These results suggest that endothelin-1 may contribute to the
development of hypertension by decreasing the responses to bradykinin through a mechanism not involving angiotensin AT, receptors,
athough the inhibition of angiotensin converting enzyme blunted the effect of endothelin-1. © 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Concomitant with the discovery of the endothelins, it
was suggested that disturbances in the regulation of these
peptides might contribute to the pathogenesis of a number
of cardiovascular diseases (Yanagisawa et a., 1988), in-
cluding hypertension. Endothelin-1, the major isoform pro-
duced by endothelial cells, interacts with endothelin ET,
and ETg receptors on vascular smooth muscle cells to
cause potent vasoconstriction (Haynes et al., 1995),
whereas endothelin ET, receptors found on the endothe-
lium mediate vasodilatation through the production of
endothelium-dependent vasodilators (Rubanyi and
Polokoff, 1994). Basal levels of endothelin-1 have arolein
the maintenance of vascular tone and blood pressure
(Haynes and Webb, 1994; Li et al., 1994). Although
plasma endothelin-1 levels may not reflect vascular pro-
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duction of the peptide because most of it is released
towards the vascular smooth muscle, the plasma concentra-
tions of endothelin-1 are normal or increased in hyperten-
sive patients (Khono et al., 1990; Saito et al., 1990; Levin,
1995). Furthermore, endothelin-1 is overexpressed in the
endothelium of small arteries of some severely hyperten-
sive patients (Schiffrin et al., 1997). In addition to its
vasoconstrictor and mitogenic properties (Battistini et al.,
1993), severa interactions of endothelin-1 with other
mechanisms involved in the regulation of cardiovascular
function have been described (Ross et a., 1999). Thus,
endothelin-1 potentiates the postjunctional action of nor-
epinephrine (Wong-Dusting et al., 1991), augments the
vasoconstriction to angiotensin |1 (Clavell et a., 1996) and
activates the renin—angiotensin system (Rakugi et 4.,
1990). These findings suggest that endothelin-1 plays a
complex role in the pathophysiology of hypertension, partly
by enhancing vasoconstrictive mechanisms. However, the
possibility that increased endothelin-1 levels may decrease
the vasodilator effects of kinins, thereby contributing to the
development and maintenance of hypertension, has not
been investigated.

0014-2999,/00/$ - see front matter © 2000 Elsevier Science B.V. All rights reserved.

Pll: S0014-2999(00)00239-9



368 J.E. Tanus-Santos et al. / European Journal of Pharmacology 397 (2000) 367—371

Bradykinin causes arterial hypotension through the
stimulation of endothelial B, kinin receptors, thereby in-
creasing the release of vasodilators such as nitric oxide,
prostacyclin and endothelium-derived hyperpolarizing fac-
tor (Linz et d., 1999). In the present study, we investigated
whether endothelin-1 changes the hypotensive responses to
bradykinin in rats. Since endothelin-1 exerts important
effects on the renin—angiotensin system (Rossi et 4.,
1999), we also examined whether pre-treatment with losar-
tan, an angiotensin 11 type-1 (AT,) receptor antagonist, or
enalapril, an angiotensin converting enzyme inhibitor, af-
fects the endothelin-1-induced changes in the hypotensive
responses to bradykinin.

2. Material and methods

2.1. Protocal |: effect of endothelin-1 on the hypotensive
responses to bradykinin

Male Wistar rats (250—300 g) provided by CEMIB-UN-
ICAMP were anesthetized with sodium pentobarbital
(Hypnol, Cristalia, SP, Brazil; 40 mg/kg, i.p.). Controlled
ventilation with a Harvard ventilator for smal animas
(model 683) was initiated after cannulation of the trachea
with a Gelco tube. The right carotid artery and left femoral
vein were cannulated for the measurement of arterial blood
pressure and drug administration, respectively. The arteria
catheter was connected to a COBE transducer (Arvada),
and the signal was amplified with a GP4A-general purpose
amplifier (Stemtech). The amplifier outputs were con-
nected to an A /D board and this to a computer loaded
with CODAS data acquisition software (AT-CODAS,
DATAQ Instruments). The pulsatile arteria pressure was
continuously recorded at a sample rate of 200 Hz through-
out the experiment. The experiments were initiated after
allowing at least 20 min for stabilization.

All drugs were dissolved in saline and were given in a
100 ! intravenous (i.v.) bolus, and were washed in with a
further 100 ! of saline. All rats received saline followed
by bradykinin in doses of 0.4, 1.6, 6.4, and 25 p.g/kg.
Each dose of bradykinin was given when the mean arterial
pressure had returned to baseline after the previous injec-
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tion (usually 2—7 min). Thirty minutes after the last dose
of bradykinin, the rats were randomly assigned to one of
three experimental groups (n = 8/group): (1) group PD +
ET, which received the mixed endothelin ET, /ETg recep-
tor antagonist N-Acetyl-alpha-[10,11-Dihydro-5H-di-
benzol a,d]cycloheptadien-5-yl]-p-Gly-Leu-Asp-lle-lle-Trp
(PD145065, 1 mg/kg) followed, 5 min later, by endothe-
lin-1(2 wg/kg); (2) group ET, which received endothelin-1
(2 ng/kg and sdline; and (3) control group, which re-
ceived only saline. Ten minutes after endothelin-1 (or
saline) injection, all rats received saline followed by the
same doses of bradykinin as described above.

2.2. Protocol 11: effect of endothelin-1 on the hypotensive
responses to bradykinin in rats pre-treated with losartan
or enalapril

2.2.1. Pre-treatment with losartan or enalapril and blood
pressure measurements

Male Wistar rats (230-270 g) provided by CEMIB-UN-
ICAMP were maintained under controlled light and tem-
perature conditions. The rats were trained twice a week for
2 weeks for the measurement of blood pressure by a
tail-cuff method. Thereafter, two groups of rats were treated
for two additional weeks either with losartan (10 mg/kg/
day; Rodrigo et al., 1997) or enaapril maleate (25
mg,/kg/day; Moreno et al., 1995) administered via the
drinking water. Another group of rats that received tap
water served as the control.

2.2.2. Effect of endothelin-1 on the hypotensive responses
to bradykinin in rats pre-treated with losartan

Rats pre-treated with losartan were anesthetized and
underwent the same general procedures described in proto-
col I. Thereafter, al of the animals received saline fol-
lowed by the same doses (0.4, 1.6, 6.4, and 25 p.g/kg) of
bradykinin used in the protocol I. Thirty minutes after the
last dose of bradykinin, the rats randomly received en-
dothelin-1 (2 pwg/kg, group ET, n=7) or sdine (control
group, n= 7). Finally, 10 min after endothelin-1 (or saline)
injection, al of the rats received saline followed by the
same doses of bradykinin described in the protocol 1.
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Fig. 1. Representative traces showing arterial blood pressure changes produced by saline (sal) and bradykinin (BK; 0.4, 1.6, 6.4, 25 ng/kg i.v.) in
anesthetized rats before and after the injection of endothelin-1 (2 pg,/kg, group ET).
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2.2.3. Effect of endothelin-1 on the hypotensive responses
to bradykinin in rats pre-treated with enalapril

Rats pre-treated with enalapril received the same treat-
ment as that described for rats pre-treated with losartan,
except that the highest dose (25 .g/kg) of bradykinin was
not given because enalapril potentiates the hypotensive
effects of bradykinin.

2.3. Drugs

Bradykinin, endothelin-1 and PD 145065 were pur-
chased from Sigma (St. Louis, MO, USA). Losartan and
enalapril maleate were provided by Biosintética (Sao Paulo,
SP, Brazil)

2.4. Qatigtical analysis

The results were expressed as means+ SEE.M. The
changes in mean arteria pressure were calculated as the
difference between the baseline value and those recorded
a the lowest values of mean arterial pressure after each
dose of bradykinin. Comparisons between groups were
analyzed using one-way analysis of variance (ANOVA)
followed by the Student—Newman—Keuls test and the
unpaired Student’s two-tailed t test in the first and second
protocol, respectively. A probability (P) value < 0.05 was
the minimum level for statistical significance.

3. Resaults

3.1. Effect of endothelin-1 on the hypotensive responses to
bradykinin

Theinitial i.v. injections of bradykinin produced similar
dose-dependent hypotensive responses in the three groups
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Fig. 2. Changes in mean arterial pressure (MAP) caused by the i.v.
injection of saline (sal) or bradykinin (0.4, 1.6, 6.4, 25 wng/kg) in
anesthetized rats after the injection of PD 145065 (1 mg/kg) plus
endothelin-1 (2 pwg/kg) (group PD +ET), endothelin-1 (2 wg/kg) plus
saline (group ET), or sdine plus saline (control group). n=8 in each
group. Vaues are the mean+ S.E.M. * P < 0.05 versus the control group.

Table 1

Effect of 2-week treatment with losartan (10 mg,/kg) per day or enalapril
maleate (25 mg,/kg) per day on systolic blood pressure (SBP) in male
rats. Control rats received tap water

Values are the mean+ SE.M.

Group SBP (mm Hg)
Control (n= 24)

Basal 11745
Treatment 119+3

Losartan (n= 14)
Basal 116+3
Treatment 99432

Enalapril (n=12)
Basa 119+8
Treatment 96 +5%

%P < 0.05 versus the respective basal values.

of rats and these responses were not affected by saline
(data not shown). The administration of endothelin-1 re-
duced (P < 0.05) the hypotensive responses to the same
doses of bradykinin (Figs. 1 and 2). In the PD + ET group,
the mixed endothelin receptor antagonist PD145065 abol-
ished the endothelin-1-induced attenuation of the hypoten-
sive effects of bradykinin (Fig. 2).

3.2. Effect of endothelin-1 on the hypotensive responses to
bradykinin in rats pre-treated with oral losartan or
enalapril

There were no significant differences in the baseline
systolic blood pressures among the experimental groups
(Table 1). The oral administration of losartan or captopril
significantly reduced blood pressure levels compared to
the respective basal values (P < 0.05, Table 1).

The dose-dependent hypotensive responses to
bradykinin in rats pre-treated with losartan (Fig. 3) were
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Fig. 3. Change in mean arterial pressure (MAP) caused by the injection of
sdline (sal) or bradykinin (0.4, 1.6, 6.4, 25 png/kg) in anesthetized rats
pre-treated with losartan (10 mg/kg per day) after the injection of
endothelin-1 (2 wg/kg, group ET) or saline (control group). n=7 in
each group. Values are the mean+S.E.M. “P < 0.05 versus the control
group.
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Fig. 4. Change in mean arterial pressure (MAP) caused by the injection of
sdline (sa) or bradykinin (0.4, 1.6, 6.4 ng/kg in anesthetized rats
pretreated with enalapril maleate (25 mg/kg per day) after the injection
of endothelin-1 (2 wg,/kg, group ET) or saline (control group). n=6in
each group. Values are the mean+ SE.M.

not affected by the i.v. administration of saline but were
attenuated (P < 0.05) by endothelin-1 (Fig. 3). In contrast,
the bradykinin-induced dose-dependent hypotensive re-
sponses in rats pre-treated with enalapril (Fig. 4A) were
unaltered by saline or endothelin-1 (Fig. 4).

4, Discussion

The major findings of this study were that (i) acute
administration of endothelin-1 decreased the hypotensive
responses to bradykinin, (ii) antagonism of angiotensin
AT, receptors with losartan had no influence on this effect
of endothelin-1, whereas (iii) inhibition of angiotensin
converting enzyme by enalapril protected against this ef-
fect of endothelin-1.

Hypertensive patients have an abnormal endothelium-
dependent vascular function (Panza et al., 1990) which
probably involves alterations in the synthesis and interac-
tion of vasoconstrictor and vasodilator factors. Previous
studies, which have focused on endothelin-1-induced
potentiation of the responses to vasoconstrictors such as
norepinephrine, serotonin and angiotensin |1 (Clavell et al.,
1996; Wong-Dusting et al., 1991; Yang et al., 1990), have
suggested that endothelin-1 may have a role in hyper-
tension. The present study indicates that endothelin-1 may
change endothelial function and contribute to the develop-
ment of hypertension by decreasing the vascular responses
to bradykinin. This conclusion agrees with previous obser-
vations that low concentrations of endothelin-1 inhibit
substance P- and acetylcholine-induced vasodilation in dog
middle cerebral artery (Kaito et al., 1995). As shown here,
the selective endothelin receptor antagonist PD 145065
abolished the action of endothelin-1, a finding which sup-
ports the idea that endothelin receptor antagonists may
benefit patients with hypertension and cardiovascular dis-
eases (Benigni and Remuzzi, 1999; Gray and Webb, 1996).

Bradykinin causes vasodilation by acting on the B,
kinin receptors of endothelia cells, thereby stimulating the
release of nitric oxide, prostacyclin and endothelium-de-
rived hyperpolarizing factor (Regoli et a., 1998; Linz et
a., 1999). Thus, athough we did not provide any bio-
chemical evidence, we could speculate that interactions
between endothelin-1 and B, kinin receptors may have
occurred and affected intracellular signal transduction
pathways. As a result, an impairment of bradykinin-stimu-
lated release of, or the response to, any of these vasodilator
substances may have occurred.

Endothelin-1 did not affect the hypotensive responses to
bradykinin in rats pre-treated with enalapril. These results
agree with a previous study in human volunteers which
demonstrated that enalaprilat blunted endothelin-1-induced
vasocongtriction when infused locally in the forearm
(Abernethy et al., 1995). The ability of enalapril to protect
against the endothelin-1-induced attenuation of the hy-
potensive responses to bradykinin is probably related to
the inhibition of angiotensin converting enzyme which in
turn would reduce the production of angiotensin and the
breakdown of bradykinin (Carretero et a., 1981; Van-
houtte, 1998). In addition, angiotensin converting enzyme
inhibitors can affect endothelial B, kinin receptor sig-
nalling to amplify the responses to bradykinin (Hecker et
al., 1997; Linz et al., 1999) and may also enhance
bradykinin binding sites (Minshall et a., 1997). Taken
together, these facts suggest that enalapril may have inter-
acted with bradykinin receptors in such a way that
bradykinin receptors were protected against the impair-
ment caused by endothelin-1.

Pre-treatment with losartan had no effect on the en-
dothelin-1-induced attenuation of the hypotensive re-
sponses to bradykinin, suggesting that endothelin-1 re-
duces the responses to bradykinin via a mechanism not
involving angiotensin AT, receptors. In contrast to
enalapril, losartan has no effect on angiotensin converting
enzyme activity. Additionally, losartan probably does not
interfere with B, kinin receptors as do angiotensin con-
verting enzyme inhibitors (Linz et al., 1999; Minshall et
al., 1997).

In conclusion, endothelin-1 may exert an autocrine
bradykinin-inhibiting effect on endothelial cells. A strategy
targeted at this interaction may thus offer relevant im-
provement in the outcomes of hypertension therapy. Fur-
ther studies are needed to define the clinical relevance of
these findings.
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