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Abstract

Aim: To study the effects of urotensin Il (Ull) on the carotid sinus baroreflex
(CSB). Methods: Thefunctional curve of carotid sinus baroreflex was measured
by recording changesin arterial pressurein anesthetized male ratswith perfused
isolated carotid sinus. Results: Ul at the concentration of 3 nmol/L had no effect
on the CSB, while at the concentration of 30, 300 and 3000 nmol/L inhibited the
CSB, shifting the functional curve of the baroreflex upward and to theright. There
was amarked decreasein peak slope and reflex decrease in blood pressure. These
effects of Ul were concentration-dependent. Pretreatment with verapamil (an
antagonist of the L-type calcium channel, 10 umoal/L) partialy liminated the above
effects of Ul (300 nmol/L) ontheCSB. Pretreatment with BIM-23127 (3 umol/L),
an antagonist of human and rat Ul receptors, abolished the actions of Ull on the
CSB. Pretreatment with N°-nitro-L-argininemethyl ester (L-NAME) 100 pmol/L did
not affect the inhibitory effects of Ull (300 nmol/L) on the CSB. Conclusion:
These data suggest that Ul exertsan inhibitory action on theisolated CSB. Such
an action of Ull ispredominantly mediated by the Ull receptorsin vascular smooth
muscles, resulting in the opening of L-type calcium channels.

Introduction

Urotensin Il (Ull) isavasoactive ‘ somatostatin-like' cy-
clic peptide which was originally isolated from fish spinal
cords, and has recently been cloned from man*?. The or-
phan receptor GPR14, a G-protein-coupled receptor first
cloned from rat, has been defined asthe specific receptor for
UIIB®!, Positiveimmunoreactive staining for human Ul and
GPR14 mRNA was detected in both atrial and ventricular
tissues® . These studiesindicatethat Ull might act as one
of the endogenous modul ators of cardiac function. The car-
diovascular action of Ull hasbeen examined in a number of
invitro and in vivo systems, sometimes with contrasting
responses depending on the species and vessd studied. In
mammals, Ull wasfirst reported to have a vasoconstrictor
action inisolated rat thoracic aorta denuded of endothelium!”,
an action that waslater shown to be more potent than that of
endothelin®. UII was also shown to cause vasoconstric-
tion in endothelium-denuded vessels from various species
including cynomol gus monkey thoracic aorta®, dog coro-
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nary artery®®, and human radial artery®®. In contrast, Ull
caused vasodilation in human small pulmonary arteries and
abdominal adiposetissue arteries®. In addition, the cardio-
vascular responsesto Ull in vivo areequally variable. Sys-
temic administration of human Ul to monkeysdicited afall
in cardiac output, severe myocardial contractility depression,
and fatal circulatory failuré®. Both in anesthetized and
consciousrats, Ull administered iv decreased arterial pres-
surd®®M, and hypotension was associated with mesenteric
and hindquarter vasodil atation™, whileintracereoroventricular
injection Ull caused arterial pressure and heart rateincrease
in conscious rats*. Even less clear istherole of Ull in
states of cardiovascular disease, but to date, increased plasma
UII has been described in 3 states of volume overload, such
askidney failure®, heart failuré®®, and diabetes™¥. Thus, it
isimportant to have more detailed understanding of the ac-
tionsand therole of Ull in cardiovascular control.

Itiswel known that baroreflex isamajor mechanismin
modulating blood pressure (BP). Whether Ull affects the
carotid sinus baroreflex (CSB) remains to beclarified. The
aims of our study were to observe the action of Ull on the
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isolated CSB and to € ucidate the mechanism invol ved.

Materials and methods

Drugs Ull, verapamil, BIM-23127, and L-NAME were
purchased from Sigma (St Louis, MO, USA). All drugswere
dissolved in distilled water and prepared freshly.

General surgical procedure Male Sprague-Dawley rats
(320+£20 g), obtained from the Experimental Animal Center of
Hebei Province (Hebei, Shijiazhuang, China), were anesthe-
tized with 25% urethane (1.0 g/kg, ip). Thetracheawas can-
nulated for ventilation. Theright femoral artery was cannu-
lated for recording BPwith atransducer (MPU-0.5A, Nihon
Kohden, Tokyo, Japan). Body temperature was maintained
at 37-38 °C throughout the experiment.

Perfusion of |eft isolated carotid snus The perfusion of
theisolated carotid sinus areawas carried out with amethod
modified by our laboratory™™*®. Carotid sinus areas were
fully exposed by turning rostrally the trachea and esophagus.
Sternohyoi deus muscles and superior laryngeal nerves were
cut, then thebilateral aortic nerves, right carotid Snus nerve,
cervical sympathetic nerves, and recurrent laryngeal nerves
were all sectioned. The common, external and internal ca-
rotid arteriesand smaller arteries originating from these ves-
sels were exposed and ligated, while carefully leaving the
left carotid sinus nerve undisturbed. Ligation of the occipi-
tal artery at itsorigin from theexternal carotid artery excluded
chemoreceptors from theisolated caratid sinus, thereby pre-
venting chemoreceptor activation secondary to the decrease
of carotid sinus pressure. Plastic catheters were inserted
anterograde into the left common carotid artery (inlet tube)
and retrograde into the external carotid artery (outlet tube).
The carotid sinus was then perfused with warm (37 °C)
oxygenated modified Krebs-Hensdeit (K-H) solution (in
mmoal/L; NaCl 118.0,KCl 4.7, CaCl, 2.5, MgSO, 1.6, KH,PO,
1.2, NaHCO, 25, glucose 5.6, pH 7.35-7.45), bubbled with
95% O, and 5% CO,. Theintrasinus pressure(1SP) wasmoni-
tored by using a pressure transducer (MPU-0.5A, Nihon
Kohden, Tokyo, Japan) connected totheinlet tube. ThelSP
was controlled by using a peristaltic pump.

After perfusion of theleft carotid sinus, the | SPwas kept
at 100 mmHg for 20 min and then was lowered to 0 mmHg
rapidly. Fromthis point, the |SPwas elevated to 250 mmHg
in theform of a pul satile ramp by regulating the speed of the
peristaltic pump, which was automatically controlled by a
program designed in our laboratory!™. It took 0.5 min for the
ISP to be increased from 0 to 250 mmHg. The ISP and BP
were simultaneoudy recorded on a polygraph (RM-6240,
Chengdu Instrument Factory, Sichuan, China). This pro-
cesswas repeated at an interval of 5min to check the stabil-

ity of thebaroreflex. Thereproducibility of the experimental
setup was confirmed by the recurrent drop of BPin response
totheincreasein ISP.

Experimental protocols By perfusing theleft carotid S-
nus with K-H solution and elevating the I SP, a functional
curvefor thel SP-BP relation was constructed, and the func-
tional parameters of baroreflex, such asthreshold pressure
(TP), saturation pressure (SP), equilibrium pressure (EP), peak
slope (PS), reflex decrease of BP (RD), and operating range
(OR) were determined. TP wasthe|SP at which BP began to
decreasein response to theincrease of ISP. SPwas the ISP
at which BP just showed no further reflex decreases with an
increasein ISP. OR was cdculated asthe SP minus TP.

Beforeadminigtration of drugs, the K-H sol ution wasused
asacontrol. Four experimental treatmentswere used: (1) to
test the effect of Ull on carotid baroreflex (n=24), the | SPwas
fixed at 100 mmHg for 20 min with K-H solution asacontrol,
and the baroreflex parameters were measured. Then K-H
solution containing Ul (3, 30, 300, or 3000 nmol/L) was used
to perfusetheisolated carotid sinus for 50 min; afterward the
parameters were measured again. Finaly, the carotid sinus
was perfused with K-H solution to wash out the Ull; (2) to
test the effect of verapamil (10 umol/L) on the actionsof UlI
(n=6), baroreflex parameterswere examined foll owing appli-
cation of Ul (300 nmol/L) before and after pretreatment with
verapamil for 20 min; (3) to test the effect of BIM-23127 (3.0
pumol/L) on the actions of Ull (n=6), baroreflex parameters
were examined following theapplication of Ull (300 nmal/L)
before and after pretreatment with BIM-23127 for 20 min;
and (4) to test the effect of N®-nitro-L-arginine methyl ester
(L-NAME, 100 pmol/L) on theactionsof Ull (n=6), L-NAME
were added into a K-H solution and used to perfuse the
isolated carotid sinus after the baroreflex parameters of the
control wererecorded; 20 min later thebaroreflex parameters
wererecorded again. Finally, the carotid sinus was perfused
with K-H solution containing L-NAME and Ul (300 nmol/L)
to check the carotid baroreflex activity.

Data analysis All datawere expressed as mean+SD.
The differences between groups of means were assessed
by one-way ANOVA and further analyzed using the Student-
Newman-Kues test. P<0.05 was considered statistically
significant.

Results

Effectsof Ull on carotid snusbaroreflex By perfusing
theleft carotid sinuswith K-H solution and elevating | SP
from 0 to 250 mmHg, the BP was reflexly decreased. Ul
altered the baroreflex parameters, which appeared approxi-
mately 30 min after Ul started, and disappeared after 30-60
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min perfusion of washout. Compared with the control group,
Ul at the concentration of 3 nmol/L had no effect on the
CSB, while at concentrations of 30, 300, and 3000 nmal/L, it
inhibited the CSB, shifting the functional curve of the
baroreflex upward and to the right. There was a marked
decrease in PSand RD in BP. The effects were concentra-
tion dependent (Table 1, Figure 1). The functional curves
were shown in Figure 1. These results indicated that UlI
exerted an inhibitory action on the carotid baroreflex
(Figure2).

Effect of verapamil on theactionsof Ull Verapamil (10
pmol/L) did not affect the functional parameters of the
carotid baroreceptor, but it partially blocked the actions of
Ull (300nmol/L, Table2).

Effect of BIM-23127 on the actionsof Ul BIM-23127
(3.0 umoal/L), an antagoni<t of human and rat Ul receptors,
did not affect functional parameters of baroreflex alone, but
it abolished the actions of UIl (300 nmol/L) on the CSB.
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Figure 1. Changes in the functional curves of the baroreflex during
intrasinus perfusion with different doses of Ull in rats. n=6. *P>0.05
vs control; P<0.01 vs Ull 3.0 nmol/L; 9P>0.05, "P<0.05, 'P<0.01 vs
Ull 30.0 nmol/L;'P<0.01 vs Ull 300.0 nmol/L. MAP, mean arterial
pressure.

Table 1. Effects of Ull on the functional parameters of the carotid baroreflex in rats. n=6. ®P>0.05, °P<0.01 vs control; *P<0.05, 'P<0.01
vs 3 nmol/L; "P<0.05, 'P<0.01 vs 30 nmol/L; 'P<0.01 vs 300 nmol/L. TP: threshold pressure; SP: saturation pressure; EP: equilibrium pressure;
PS: peak sope; RD: reflex decrease of BP; OR: operating range.

TP (mmHg) EP (mmHg) SP (mmHg) OR (mmHg) PS RD (mmHg)
Control 68.81+1.37 94.27+1.10 186.83+1.60 118.00+1.67 0.43+0.01 44.00+1.03
Ull(nmol/L)
3 (A) 68.14+1.10% 93.43+0.41* 186.17+1.60* 118.00£2.00 0.44+0.02% 43.83+2.79°
30 (B) 73.84+1.51 95.95+0.52¢ 191.33+2.80¢ 118.00£2.10 0.38+0.01° 37.67+1.21%
300 (C) 77.19+1.10°" 97.29+0.90°" 196.67+1.63°" 119.67+1.86 0.32+0.01°" 32.50+1.05°
3000 85.39:+1.34°"" 99.30+0.64°" 202.33+3.08°"" 117.17+2.79 0.23+0.01°" 27.83+1.72°"

Table 2. Effects of verapamil (10 umol/L), BIM-23127 (3 pmol/L), and L-NAME (100 pumol/L) on the reflex response induced by perfusing
the carotid sinus with Ull (300 nmol/L) in the rats. n=6. 3P>0.05, "P<0.05, °P<0.01 vs control; 9P>0.05, P<0.01 vs Ull; %P>0.05, "P<0.05 vs
verapamil; 'P>0.05 vs BIM-23127; °P<0.01 vs L-NAME. TP: threshold pressure; SP: saturation pressure; EP: equilibrium pressure; PS; peak
slope; RD: reflex decrease of BP; OR: operating range.

TP (mmHg) EP (mmHQ) SP (mmHg) OR (mmHQ) PS RD (mmHg)
Control 67.97+1.17 93.77+0.55 186.67+1.21 118.83+1.47 0.43+0.01 43.50+1.05
ull 76.35+0.99° 96.95+0.82° 196.00+2.00° 119.67+1.86 0.32+0.02° 33.17+£1.47¢
Verapamil 68.48+1.37% 93.43+0.41% 187.33+1.63% 119.00£1.79 0.42+0.01% 42.33+1.75%
Verapamil+Ul | 70.49+2.43M 94.27+1.27%0 189.67+2.58"" 119.33%1.21 0.41+0.02%9 39.67+2.16°M
Control 67.97+1.17 93.77+0.55 187.00+1.41 119.17+1.94 0.43+0.02 43.17+1.33
ull 77.19+1.27¢ 97.12+0.99¢ 196.67+1.75°¢ 119.67+1.03 0.33+0.02° 32.67+1.21°
BIM-23127 68.81+1.37% 93.94+0.52% 186.83+1.72% 118.17+2.71 0.42+0.01% 42.33+2.16%
BIM-23127+UlI 68.14+1.10% 93.60+0.527 186.83+1.83 118.83+1.72 0.42+0.01% 42.50+1.38
Control 68.31+1.17 93.60+0.52 187.33+1.63 119.17+1.72 0.43+0.01 42.67+1.86
ull 77.19+1.10° 97.12+0.76° 196.50+1.64° 119.50£1.52 0.33+0.02° 33.00£1.10°
L-NAME 68.48+1.04% 93.77+0.55% 187.17+1.47% 118.83+1.47 0.44+0.01% 43.33£1.37%
L-NAME+UII 77.52+0.82°% 96.62+0.52°% 196.83+1.47°%% 119.50+1.87 0.33+0.01°%% 33.00£0.63°°
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Figure 2. Original recording showing the reflex response of arterial blood pressure (ABP) to intrasinus perfusion with Ull (300 nmol/L). (A)

Controal; (B) Ull; (C) Washout.

Effect of L-NAME on the actionsof Ull L-NAME (100
pmol/L) did not affect the functional parameters of the ca-
rotid baroreceptor, and did not influence the effects of Ull
(300 nmal/L) ether (Table?2).

Discussion

The present study showed for thefirst timethat Ull could
inhibit the CSB in a dose-dependent manner. By perfusing
theleft isolated carotid sinus with UlI, the functional curve
of the CSB was shifted upward and to the right, with de-
creasesin PS and RD and increases in TP, indicating the
inhibitory action of Ull on the CSB. It iswdl established
that the arterial baroreceptors play an important rolein the
short-term control of cardiovascular activity. Theinhibition
of the CSB might be expected to weaken the ability to anta-
gonize hypertension and destabilize BP.

It was demonstrated that baroreceptors would be excited
when their ending was deformated by tissue tension!*”,
that is, wall tension o, which by the Laplace' srelation is:
o=P-r/h (where P isthedigending pressure, r istheradius of
the vessel lumen, and his the wall thickness). Ull might
directly induce arterial contraction and thusdecreaser, so ¢
became smaller, and then the sensitivity of the baroreceptor
was decreased. Thus, Ull-induced inhibition of the CSB
might have resulted from the contraction of the vessel.
Indeed, it isknown that Ul isavasocondgtrictor, being even
more potent than endothelin™. Ul was also shown to stimu-
late the constriction of endothelium-denuded rat aorta and
increase cytosolic Ca?* levels within 10-20 s, which was

partially blocked by the L-type calcium channd antagonit,
verapamil™. In order to e ucidate the relati onship between
the L-type calcium and the action of Ull, we used verapamil.
We found in the present study that pretreatment with
verapamil partially blocked the effects of Ull on the CSB,
suggesting that the opening of the L-type calcium channel
was involved in the action of Ull on the CSB.

BIM-23127 was reported as a potent and competitive
antagonist of both human Ul and rat Ul receptors, and was
also considered as the most potent agent for reversing hu-
man Ull-induced contractiletonein the rat isol ated aorta™?.
In the present study, we found that BIM-23127 abolished
Ull action on the CSB. Thisresult indicatesthat Ull inhibits
the CSB through the Ul receptor.

Ul was also reported as a vasodilator via release of one
or more vasodilator factors such as nitric oxide (NO) in rat
isolated aortd®. Sincetheendotheliumisintact in the present
study, Ull may induce NO release from the carotid sinus.
Increasing evidence have shown that NO may suppress the
generation of action potential of baroreceptors®#. NO sup-
pressed Na' current in baroreceptor neurons and activated
the calcium-dependent K* channels localized in vascular
smooth muscles, then hyperpol arized baroreceptor neurons?,
In order to test therole of NO plays, we tested the effect of
L-NAME, anonsdective inhibitor of the NO synthase. Pre-
treatment with L-NAME did not affect the action of Ull, thus
indicating that locally-released NO was not involved in the
effect of Ull on the CSB. Thus, we propose that vasodilata-
tion in response to Ul is likely to have resulted from Ul
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receptors on the endothelium, while constriction responses
aremediated by Ull receptors on smooth muscle cells.

In summary, the present study indicates that Ull exerts

an inhibitory action on the isolated CSB. Such an action of

ull
lar

is predominantly mediated by the Ull receptorsin vascu-
smooth muscles, resulting in the opening of L-type

calcium channds.
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