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EXPERIMENTAL STUDY

Endothelin-1 and angiotensin-II modulate urotensin-II

vasoconstriction in rat aorta exposed to mercury

Ahmed AH, Maulood IM

Department of Biology, College of Science, Salahaddin University, Erbil, Iraqg.
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ABSTRACT

OBJECTIVES: The aim of this study was to evaluate the possible roles of endothelin-1 and angiotensin-Il in
urotensin-Il vasoconstriction and in endothelial dysfunction induced by mercury.

BACKGROUND: Urotensin-Il, the most potent vasoactive peptide, is entwined with the cardiovascular diseases
and has been labelled as a new pathophysiological biomarker.

METHODS: Rat aortic rings were pre-incubated with sb-710411, bg-123, and captopril. Doses of human uroten-
sin-Il with increased concentrations were applied in all groups in the presence or absence of mercury chloride.
In another set of the experiment, aortic rings were treated with a single dose of mercury chloride in the pres-
ence of each of the above blockers.

RESULTS: Angiotensin-Il and endothelin-1 mediated the vascular responses to the peptide urotensin-Il under
conditions of both intact endothelium and endothelial impairments induced by mercury. Urotensin-Il, angiotensin-
Il and endothelin-1 significantly participated in vascular responses to mercury chloride.

CONCLUSION: The novel finding was that urotensin-Il is potentiated under the condition of endothelial dysfunc-
tion. Endothelin-1 and angiotensin-II pathways could be heavily exploited in modulating endothelial dysfunction

impacts and peptide vascular actions (Tab. 1, Fig. 4, Ref. 30). Text in PDF www.elis.sk.
KEY WORDS: urotensin-Il, endothelial dysfunction, angiotensin-Il, endothelin-1, mercury chloride.

Introduction

In the past two decades, the cyclic peptide, urotensin-11 (UII),
has been emphasized as the most potent mammalian vasoconstric-
tor so far. This startling peptide which had been isolated for the
first time from the neurosecretory system of a teleost fish (Gil-
lichthys mirabilis) (1), has variable effects on different tissues
and organs (1-3). The available cumulative evidence uncovers
that the UII vascular actions depend on species, blood vessel
type, and endothelial integrity (4). Currently, UII contributes
to cardiovascular dysfunction (5-7), oxidative stress (8), dia-
betic cardiomyopathy (9), pulmonary fibrosis (3), and metabolic
syndrome (10). Urotensin-II receptor (UT2) has been cloned in
different tissues and organs of most mammals (11, 12). The en-
dothelial impairment is concurrently traced by elevated levels
of angiotensin-II (ang-1I) (13), endothelin-1 (et-1) (14) and va-
soconstrictive prostanoids (15), and has been addressed as the
main factor involved in cardiovascular diseases (16). Mercury,
a potent toxic metal (17) that has hiddenly been in contact with
human beings in both industrial and medical applications (18),,
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is accused of being a potent endothelial impairment inducer (19,
20). However, endothelial damage followed by a release of en-
dothelial vasoactive factors seems to be one of the recognized
themes of mercury toxicity both in vivo and in vitro studies (21).
According to our knowledge, no evidence is available yet about
the possible endothelial dysfunction impact on the vascular re-
sponse to UIL In this study, we argue that UII vascular action is
potentiated under condition of endothelial dysfunction and might
involve et-1 and ang-II.

Materials and methods

Chemicals

Human UII (hUII) and sb-710411 were purchased from
Bachem (Bubendorf, Zwitzerland). Mercury chloride (HgClL,),
bg-123 and captopril were purchased from Scharlab S.L/Sent-
menat, Spain.

Aortic rings preparations
Animals

Male Wister rats weighing (200-250 g) were purchased from
Directorate of Duhok Veterinary Duhok/Iraq. Animals were housed
in animal house and kept in standard conditions according to the
laboratory animal care guide prepared by the scientific commit-
tee in College of Science, Slahaddin University. The study was
carried out at the Biology Department, College of Science, from
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Tab. 1. The potency differences (pD,) and maximum response (E__ ) to hU-II in the presence and absence of HgCl, from rat thoracic aorta.

Untreated HgCl -treated
2
E, . %KCL pD, E, . %KCL pD,
Control 74.83+2.46 —8.782+0.077 105.2+5.392 —8.744+0.119
Sb-710411 37.75£1.78%** —8.560+0.098 101.6£7.071 —8.827+0.179
Captopril 20.93£1.291%** —8.633+0.1363 61.76+8.307%** —7.877+0.203*
Bg-123 114.849.103%** —8.521+0.163 80.55+6.802 —8.533+0.176

The studied groups were compared with the control group (ANOVA was applied with Dunnet test).

* Significant differences between the studied groups vs control group at p < 0.05
*** Significant differences between the studied groups vs control group at p < 0.001

January, 2017 to August, 2017, and the animal care committee
approved the study.

Aortic rings preparation

In this study, 88 aortic rings from 22 male Wister rats were
used. Animals were anaesthetized by ketamine: xylazine mixture
(90 mg/kg, i.p. and 10 mg/kg, i.p., respectively) (22). From the
proximal descending thoracic aorta (23), immediately next to the
left subclavian branch, a 12-mm long piece was isolated in cold
Krebs solution and cleaned from excessive surrounding tissues;
then 4 aortic rings, each about 3mm in length, were prepared.

Vascular reactivity assay

The prepared aortic segments were held by stainless steel
hooks in 10-ml organ bath (Automatic organ bath-Panlab Harvard
apparatus-USA, AD Instrument PowerLab 8/35-Australia) filled
with Krebs bicarbonate solution (in mM/L:119 NaCl, 4.7 KCl,
1.2 MgSO,, 1.2 KH,PO,, 1.5 CaCl,, 25 NaHCO,, 11 glucose; pH
= 7.4). The bath solution was maintained at 37 °C and bubbled
with a mixture of about 95 % O, and 5 % CO,. The aortic rings
were loaded by a tension force of 2 g and allowed to equilibrate
for at least 1hr during which the Krebs solution was replaced ev-
ery 15 minutes, and the tension was continuously readjusted to
the optimum force. For the functional integrity of the prepared
aortic segments, KCI (60 mM) (24) was used while the maximum
contraction developed was considered to represent the standard
percentage contractile response. Then the aortic rings were washed
and re-stabilized at the optimum tension for at least 30 minutes
before applying any vasoactive substances. In one group, the en-
dothelium was removed by gently rubbing the lumen of the aortic
rings with a tip of narrow forceps, and the denuded rings were as-
sessed by adding acetylcholine (10 uM) to pre-contracted aortic
segments with noradrenaline (1 uM).

Experimental procedures

The study was designed to evaluate the possible contribution
of some vasoactive peptides to the vascular action of UII in the
presence or absence of HgCl, Thereby, two parallel sets of experi-
ments were carried out as follows:

Set 1: To investigate the roles of different vasoactive factors
on hUII-elicited vascular contraction in endothelial impairment,
the intact aortic rings were incubated for 20 min with a selective
UT-2 receptor antagonist, sb-710411 (1pM), angiotensin-convert-
ing enzyme (ACE) inhibitor, captoprole (10 uM) and selective et-1

receptor type A (ET, ) blocker, bg-123 (0.3 uM). Then, doses with
increased concentrations of hUII (10-''-10-8 M) were applied to
all groups in the presence or absence of HgCl,

To estimate the half effective concentration (EC,)) of HgClL,,
doses with increased concentrations of HgCl, (10°-10~) were
applied, and the estimated pD, value was applied in another set
of experiment as a single dose in the time-dependent vascular re-
sponse to HgCl,.

In another set of the experiment that is aimed at studying the
possible involvement of UII, ang-II, and et-1 in time-dependent
vasoconstriction effects of a single dose of HgCl,, the isolated
aortic rings were pre-incubated with Sb-710411, captopril, or
bg-123 for 20 min prior to the application (3uM) of HgClL,; then
acetylcholine (10 uM) was added to check the endothelial impair-
ment induced by mercury.

Statistical analysis

Vasoconstrictor responses induced by hU-II were expressed
as percentages of tension generated by 60 mM KCI. To differenti-
ate the effect of drugs on vascular responses to hU-II in thoracic
aortic segments from both control and HgCl -treated groups, the
data are expressed as mean + standard error of means (SEM) of the
number of animals used in all groups. To compare the control and
studied groups, the two-way analysis of variance (ANOVA) was
applied, and Sidak post hoc test was used to compare individual
means. Dunnets t-test was also applied to compare pD, between
studied drugs with controls. Differences were considered statisti-
cally significant at p < 0.05.

Results

Effect of mercury on vascular response to hUII

The present results showed that mercury treatment remarkably
potentiated the vascular response to the peptide and increased the
maximum response (Tab. 1) while the hUII potency remained
significantly unchanged (Fig. 1).

In the present study we determined the half effective concen-
tration (EC,)) of HgCl, as (3 uM) (Fig. 2) which was applied as
a single dose for the time-dependent vascular response test. The
aortic rings in all mercury-treated groups, at the end of each ex-
perimental group, did not respond to 10 uM acetylcholine which
indicated that the successive endothelial impairment was caused
by the applied dose of HgCl,.
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Fig. 1. The effects of HgCl, on the vasocular responses to hU-II from
rat proximal thoracic aortic rings. The double asterisks ** represents

the statistical differences at P<0.01. Number of aortic rings used is
indicated in parentheses.

Effect of sb-710411, captopril or bg-123 on vascular response to
hUII: effects of mercury

The selective UT receptor antagonist (sb-710411) highly sig-
nificantly reduced the efficacy of hUII with no significant changes
in the peptide potency (Tab. 1), while in the presence of mercury,
interestingly, the antagonist failed to dampen the peptide vasocon-
striction effects (Fig. 3A). Another novel findings in this study was
that captopril highly significantly reduced the peptide efficacy in
both mercury-treated and untreated groups (Fig. 3B). On the other
hand, the present results revealed that the selective et-1 receptor
antagonist highly significantly potentiated the vascular responses
to hUII (Fig. 3C) while increasing the contraction altitude. Mean-
while, in the presence of mercury, vascular responses to hUII were
significantly unchanged in bq-123-treated groups (Tab. 1).

The roles of sb-710411, captopril or bg-123 in the vascular re-
sponses to a single dose of HyCl,

The results showed that pre-incubation of aortic rings with
sb-710411 caused a significant decrease in vascular responses to
HgCl, and shifted the response curve to the right (Fig. 4A), while
captopril caused a highly significant reduction in the vascular re-
sponses to mercury (Fig. 4B). On the other hand, a remarkable
significant decrease in vascular responses to HgCl, were also ob-
served in aortic rings treated with bg-123 (Fig. 4C).

Discussion

While sb-710411 was known as one of the effective UII an-
tagonists used in many studies (25, 26, 27), in the present study, for
the first time, we demonstrated that under endothelial impairment
status, the vasoconstriction effect of UII is inevitable, while reflect-
ing that endothelial impairment sustained the peptide vasoactive
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Fig. 2. The vascular responses to the cumulative doses of HgCl, (10*

—10* M) from rat proximal thoracic aorta. Number of aortic rings
used is indicated in parentheses.

capacity and under these circumstances, the UII receptors could
not been blocked by the selected antagonist, probably due to the
direct effects of mercury on the receptor protein moieties (21) that
had somehow been distorted and lost some of their physiological
properties. Another novel finding in the present study was that in-
hibition of ACE pathway not only abolished the vascular responses
to hU-II, but also remarkably decreased the effects of mercury
on vascular responses to hUII, thus indicating that angiotensin-II
pathway plays a key role in both UII vasoconstriction and vascu-
lar impairment (15). Furthermore, the greater impact of captopril
in mercury treatment indicated that the vasoconstriction-mediated
endothelial impairment is mainly due to the angiotensin system,
which is consistent with some recent studies (15, 28), while the
extent of the impact of hUII was smaller. The increase in vascular
responses to hUII in the bq-123-treated group was in contrast with
the available evidence about the vasorelaxative and hypotensive
effects of this antagonist (29, 30). However, we suggest that the
selected dose of bq-123 might have non-selectively abolished the
vasodilatory effects of the supposedly released endothelin-1 from
hUII-treated group in the thoracic rat aorta and thus augmented
the vascular actions of the peptide.

Seemingly, the implication of these vasoactive agents in endo-
thelial impairment highlighted the mechanism taken by such toxic
element to induce vascular impairment and probably unfolded a
question as to which of vascular agents dominantly mediates the
endothelial dysfunction impacts.

Conclusions
Endothelial impairment, that has been addressed in most patho-

logical circumstances, distorts the vascular tone through the endo-
thelial release of vasoactive substances and predominantly shifts
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Fig. 3. Effects of A: sb-710411(1 nM), B: captopril (1 uM) and C: bq-123 (10 pM) on the vasoconstriction responses to hU-II in the presence and
absence of HgCl, from rat thoracic aorta. The asterisks; *,**,*** represent statistical differences at P<0.05, P<0.01 and P<0.001, respectively,
versus control group. Number of aortic rings used is indicated in parentheses.
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Fig. 4. The vascular responses to a single dose of HgCl, (3 pM) in time dependent (4, 8, 12, 16, and 20 min) from rat proximal thoracic aorta.
Effects of A: sb-710411(1 pM), B: captopril (1 pM) and C: bq-123 (10 nM). Data are expressed as mean+ SE. The asterisks; *, **, *** represent
statistical differences at P<0.05, P<0.01 and P<0.001, respectively, versus control group. Number of aortic rings used is indicated in parentheses.

it toward vasoconstriction. Urotensin-II, the weirdest vasoactive
peptide, mediated the endothelial dysfunction and was accentuated
by ang-II and et-1. An important point that one might consider is
that endothelial impairment involves multi-vasoactive pathways,
which further stresses the necessity to take these cellular routs to
a great extent.
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