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(i) To compare the effects of intra-arterial administration of urotensin Il
in patients with CVD with healthy volunteers, and (ii) to study the
haemodynamic effects of intra-arterial infusion of the urotensin Il
receptor antagonist, urantide.

Ten healthy volunteers and 10 patients with CVD received a
dose-ramped brachial artery infusion of urotensin Il. A further six
healthy male volunteers received a prolonged urotensin Il infusion and
11 healthy male volunteers received a dose-ramped infusion of
urantide. Forearm blood flow (FBF) was measured every 20 min and

WHAT THIS STUDY ADDS blood pressure and heart rate were assessed every 20 min.

RESULTS

In healthy volunteers and patients with CVD, intra-arterial infusion of
urotensin Il had no effect on FBF ratio. A dose-ramped infusion of
urantide similarly had no effect on FBF ratio. During dose-ramped
infusions of urotensin Il and urantide, systolic and mean arterial blood
pressure increased significantly. In healthy volunteers, urotensin Il and
urantide, respectively, increased systolic blood pressure from 133 = 6

to 137 = 5mmHg (P < 0.01) and from 113 * 4 to 120 = 4 mmHg (P <
0.01). In patients with CVD, heart rate also significantly increased during
dose-ramped infusion of urotensin Il from 59 * 3 to 62 = 4 bpm (P <

0.05).
CONCLUSIONS

We have shown no in vivo effect of urotensin Il or urantide on human
forearm resistance vessels. Previous discrepancies do not seem to relate
to either the age or CVD status of subjects. Changes in systemic
cardiovascular haemodynamics during the dose-ramped infusion
studies are unlikely to be caused by urotensin Il receptor modulation.
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Introduction

Human urotensin Il is an 11 amino acid vasoactive peptide
originally isolated from the central nervous system of
teleost fish [1]. In teleosts, urotensin Il produces smooth
muscle contraction, vasoconstriction, inhibits prolactin
secretion and has a role in osmoregulation [2]. Receptors
for urotensin Il are present in rats, amphibians, nonhuman
primates and in human cells [3-6]. Human urotensin Il has
now been found to be the endogenous ligand of the mam-
malian orphan receptor GPR14/SENR [7,8]. Messenger RNA
encoding this receptor has been found in human brain,
heart, aorta, endothelium and smooth muscle cell lines [6].

In vitro studies suggest that urotensin Il is one of the
most potent arterial vasoconstrictors discovered to date
with a potency 10-20-fold greater than endothelin-1.
However, responses differ between mammalian species
and between vascular beds within a species, possibly due
to variation in receptor expression [9].

In humans, there has been much speculation as to the
role of urotensin Il in the cardiovascular system in both
health and disease, with much controversy between
studies. In vitro studies have shown that urotensin Il vaso-
constricts human coronary, mammary and radial arteries
as well as saphenous and umbilical veins [10]. A vasodilator
action is seen in pulmonary vessels [11]. In vivo studies
have so far been more limited, although vasoconstriction
of intradermal vessels has been observed at high urotensin
Il concentrations in the human skin microcirculation [12].
More recent in vivo human studies in the forearm skin
microcirculation have produced disparate results, with uro-
tensin Il causing vasodilation in normal subjects, vasocon-
striction in cirrhotic patients and mixed responses in
hypertensive patients [13-15].

Two previous studies have investigated the effects of
urotensin Il on forearm blood flow (FBF) in human volun-
teers using venous occlusion plethysmography.Bohm and
Pernow showed that intra-arterial infusion of urotensin Il in
nine healthy volunteers evoked dose-dependent vasocon-
striction across infusion rates of 1-300 pmol min™" [16]. A
threshold response was obtained at 1 pmol min, and the
highest dose of urotensin Il reduced FBF by 31%. FBF
returned to baseline values within 30 min. In a similar
study, we found that urotensin Il had no effect on arterial or
venous tone, and did not alter systemic haemodynamics
despite demonstrable increases in the plasma concentra-
tion of urotensin Il [17]. The reason for this contradiction
was not clear, but it was noted that the two cohorts of
volunteers were of different ages and the urotensin Il stock
and dosing regimen were different.

In order to clarify the haemodynamic effects of uro-
tensin Il in the human cardiovascular system, we have
investigated the action of intra-arterial infusion of uro-
tensin Il on blood pressure, heart rate and FBF in healthy
volunteers and patients with cardiovascular disease (CVD).
We tested the hypothesis that previous contradictions
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between studies resulted from differences in age and car-
diovascular health between patient cohorts.

We have also investigated for the first time the haemo-
dynamic effects of intra-arterial infusion of the urotensin I
receptor antagonist urantide. Urantide is a potent inhibitor
of human urotensin ll-induced contraction in the rat iso-
lated thoracic aorta and displaces urotensin Il from specific
binding at recombinant human urotensin Il receptors [18].
Its in vivo effects in humans are unknown.

Methods

Study population

Studies were performed in the Clinical Pharmacology Unit,
Cambridge, UK. Two dosing regimens were employed: a
dose ramping protocol as used by Bohm and Pernow [16],
and a prolonged infusion protocol. Ten healthy, nonsmok-
ing men (aged 27 = 2 years) and 10 male patients with
CVD (defined as patients with a history of angina, myocar-
dial infarction, stroke, transient ischaemic attack or periph-
eral vascular disease) aged 65 =* 5 years were recruited into
the urotensin Il dose ramping study. Six healthy male vol-
unteers (aged 25 * 7 years) were recruited to the pro-
longed urotensin Il infusion study. A further 11 healthy,
nonsmoking men (aged 24 * 2 years) were recruited into
the urantide dose ramping study. Patients on anticoagu-
lants, with uncontrolled hypertension (>160/100) or those
currently involved in other studies were excluded. All sub-
jects were asked to abstain from alcohol and caffeine over
the preceding 24 h.The study was approved by the Cam-
bridge Local Research Ethics Committee and written
informed consent was obtained from each subject.

Haemodynamic measurements

Subjects had a 12-lead ECG recorded at baseline and at the
end of each study.Blood pressure and heart rate were mea-
sured in the brachial artery of the dominant, non-infused
arm every 20 min using a validated oscillometric machine
(Omron HEM-705CP; Omron Corp., Tokyo, Japan) [19].

Forearm blood flow

All studies were conducted in a quiet, temperature-
controlled (22-24 °C) clinical laboratory.The brachial artery
of the nondominant arm was cannulated with a 27-G steel
needle (Cooper’'s Needle Works, Sheffield, UK) under local
anaesthesia (1% lignocaine; Hameln Pharmaceuticals,
Gloucester, UK). This was connected to an IVAC P6000
syringe pump via a fine 16-G epidural catheter (Portex,
Watford, UK). FBF was measured at the end of each 20-min
infusion over a period of 3 min using venous occlusion
plethysmography (Hokanson Inc., Bellevue, WA, USA). This
allows blood flow to be measured simultaneously in both
arms allowing comparison of blood flow in the infused arm
vs. the non-infused or control arm [20]. Wrist circulation
was excluded by inflating wrist cuffs to a pressure above
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the systolic blood pressure (SBF). Upper arm cuffs were
repeatedly inflated and then deflated for periods of 10 and
5's, respectively, to cause intermittent block in venous
return, allowing FBF measurements to be made using
mercury-in-silastic gauges. The last five cycles of each
3-min period were used in the analysis of data.

Drugs

All drugs were prepared aseptically and diluted in sterile
saline (0.9%; Baxter Healthcare, Thetford, UK). Urotensin Il
was obtained from Clinalfa AG (Laufelfingen, Switzerland),
the same supplier used by Bohm and Pernow [16]. Uran-
tide was obtained from Bachem GmbH (Weil am Rhein,
Germany). Stock vials of urotensin Il and urantide were
diluted on receipt and stored at —80 °C. Further dilutions
were made on the day of the study using 0.9% saline.

Initially, each subject was infused with 0.9% saline at a
rate of 1 mlmin™ for 20 min to establish a baseline. All
subsequent drug infusions were performed at this infusion
rate. In dose ramping studies, urotensin Il was infused for
20 min at a dose rate of 0.1 pmol min~".This was increased
every 20 min to 1.0, 10, 100 and finally 300 pmol min™" as
per the Bohm and Pernow protocol. An identical protocol
was used when infusing urantide, albeit the maximum
dose rate did not exceed 100 pmol min™.

In the prolonged infusion study, urotensin Il was
infused at a dose rate of 0.1 pmol min™ to volunteers for a
total of 60 min. In both protocols, drug infusion was fol-
lowed by a 20-min wash-out period with saline. Adminis-
tration of all drugs was unblinded.

Data analysis
FBF was calculated as the mean of the last five curves of
blood flow in each 3-min period. This was measured as

Table 1

Dose-ramped infusions of urotensin Il in healthy volunteers (HV) and patients with cardiovascular disease (CVD)

a ratio of infused arm to control arm and expressed as
a percentage change from baseline. FBF values are
expressed as ml min~' per 100-ml forearm tissue volume.
Data are presented as means = standard error of the mean
(SEM). Repeated measures ANOVA and independent
samples t-tests were used to determine statistical signifi-
cance. A probability value of P < 0.05 was considered sig-
nificant and P < 0.01 was considered highly significant.The
data were blinded and analysed using SPSS for Windows
v12.0 (SPSS Inc., Chicago, IL, USA). Previous FBF studies in
our department had 90% power to detect a 10% change in
FBF ratio in 10 volunteers at a two-sided significance level
of 0.05.

Results

All trial subjects tolerated urotensin Il and urantide admin-
istration well. There were no withdrawals as a result of
side-effects. All subjects were documented to be in sinus
rhythm and without ischaemia on their 12-lead ECGs prior
to and after the administration of urotensin Il or urantide.
No adverse events were reported throughout the study.

Urotensin Il dose ramping study
Absolute FBF for the healthy volunteers and CVD patient
groups were similar at baseline (respectively, 3.08 = 0.31
vs.2.56 = 0.22 mI min~' per 100 ml,P=0.17),as was the FBF
ratio (1.04 = 0.05 vs. 1.06 = 0.06, P =0.2). Neither absolute
FBF nor FBF ratio changed significantly with urotensin Il
infusion in either group. The data are summarized in
Table 1.

The percentage change in FBF ratio also did not differ
between groups, measuring, at the highest infusion rate of

Significance
Urotensin Urotensin Urotensin Urotensin Urotensin Significance between
VEEL Group Baseline 0.1 pmol min~' 1.0 pmol min~' 10 pmol min~' 100 pmol min~' 300 pmol min~' of trend groups
Systolic BP (mmHg) HV 133 £6 127 £5 129 £ 6 132 £6 134 £ 7 137 £5 <0.01 0.105
CVD 140 =5 140 =5 143 =5 146 =5 148 = 4.6 152 =5 <0.0001
Diastolic BP (mmHg) HV 713 67 =4 703 713 733 72 £ 4 0.180 0.650
CVD 78 =5 80 =2 82*2 82 +3 83 +3 84 =2 0.108
Mean arterial pressure HV 91 £3 87 =2 90 = 2 92 +2 94 + 2 94 + 3 <0.05 0.382
(mmHg) CVD 99 + 3 100 + 3 102 + 3 103 + 3 105 + 3 107 + 3 <0.0001
Heart rate (bpm) HV 54 £3 552 552 54 =2 54 =2 57 4 0.313 0.250
CVvD 59 +3 58 +3 57 +2 60 + 3 60 = 4 62 *+4 <0.05
Absolute FBF in infused arm HV 3.08 £ 0.31 3.02 £0.34 3.05 = 0.40 3.19 = 0.36 2.78 = 0.31 3.13 =048 0.560 0.416
(ml 100 ml-" min-") CVD 2.56 +£0.22 2.55+0.28 2.87 £0.22 2.69 +0.20 2.77 £0.20 2.70 £ 0.20 0.273
Ratio (infused/control arm) HV 1.04 £0.05 1.01 £0.04 1.09 = 0.06 1.06 = 0.07 1.00 = 0.06 0.95 = 0.03 0.236 0.164
CvD 1.06 = 0.06 1.10 +0.75 1.14 = 0.08 1.05 * 0.09 1.23 +0.15 1.16 = 0.13 0.512
Change in FBF ratio (%) HV -1.8 £5.1 59+56 28 £6.6 -25*6.8 -7.4 £6.0 0.204 0.399
CVD 24 +63 54+47 -34*6.2 14.6 = 8.6 9.2 +99 0.691

Data are presented as means = SEM. BP, blood pressure; FBF, forearm blood flow.
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urotensin Il, =7.4 = 6.0% in healthy volunteers and 9.2 *
9.9% in patients with CVD (P =0.4).

In healthy volunteers, heart rate measured during the
highest dose rate of urotensin Il infusion was 57 = 4 com-
pared with 54 = 3 bpm at baseline (P =0.3). Mean arterial
pressure in healthy volunteers significantly increased
during the dose-ramped infusion from 91 * 3 at baseline
to 94 = 3 mmHg (P < 0.05). In patients with CVD, there was
a significant increase in both heart rate (from 59 = 3 to 62
* 4 bpm, P <0.05) and mean arterial pressure (from 99 +
3 to 107 = 3 mmHg, P < 0.0001) during the dose-ramped
infusion. SBP increased in both groups during dose
ramping (healthy volunteers from 133 = 6 to 137 =+
5mmHg, P < 0.01; patients with CVD from 140 £ 5 to 152
+ 5mmHg, P < 0.0001). Although there was a trend for
SBP to increase more in patients with CVD compared with
healthy volunteers, this was not significant (P = 0.1). There
was no difference in diastolic blood pressure (DBP) from
baseline to highest dose rate urotensin Il in either group.

Urotensin Il prolonged infusion study

Baseline data were similar to that of healthy volunteers in
the dose ramping study. There was no significant change
in heart rate, blood pressure (SBP, DBP or mean) or FBF
(absolute, ratio or percentage change in ratio) with

Urotensin Il and urantide in humans BJCP

Urantide dose ramping study

During the dose-ramped infusion of urantide in healthy
volunteers (Table 3), absolute FBF increased from 2.60 =+
0.37t03.14 = 0.38 mI min™" per 100 ml (P < 0.01). However,
as absolute FBF also increased in the control arm, no sig-
nificant changes in FBF ratio or percentage change in FBF
ratio were observed (Figure 1). SBP increased significantly
during dose ramping from 113 £ 4to 120 = 4 mmHg (P <
0.01). This was accompanied by a significant increase in
mean arterial blood pressure from 82 = 3 to 87 = 3 mmHg
(P < 0.05). DBP and heart rate did not change significantly
during dose ramping.

Discussion

In this study we have shown no effect of urotensin Il on
FBF, suggesting an absence of urotensin ll-mediated
arterial vasoconstriction under the conditions we have
studied. Our protocol and healthy volunteer cohort closely
resemble those of the experiments of Bohm and Pernow
[16].The results of this study are therefore in disagreement
with those of Bohm and Pernow, but concur with our
previous FBF study [17], in which we showed no role for
urotensin Il in the regulation of vascular tone in healthy
volunteers. Moreover, we have found no evidence that pre-

0.1 pmol min™" urotensin Il infusion over 60 min (see vious study discrepancies relate to either the age or CVD
Table 2). status of the trial subjects, as no differences in FBF were
Table 2

Prolonged infusions of urotensin Il at a dose rate of 0.1 pmol min™'

VELELI Baseline Significance of trend
Systolic BP (mmHg) 123+ 3 124 + 2 125+ 3 125+ 4 126 + 3 0.47
Diastolic BP (mmHg) 702 713 723 72 £3 713 0.65
Mean arterial pressure (mmHg) 88 * 2 88 * 2 89 + 3 90 * 2 89 + 3 0.40
Heart rate (bpm) 55+5 55+ 4 53+ 4 54 + 4 55+ 4 0.49
Absolute FBF (ml 100 mI-" min-") 2.60 = 0.37 2.64 = 0.44 2.87 £ 0.47 2.50 = 0.38 2.57 £ 0.31 0.37
Ratio (infused/control arm) 1.02 = 0.07 1.06 = 0.11 1.18 = 0.15 1.05+0.12 1.06 = 0.09 0.18
Change in FBF ratio (%) 19x40 125 £ 8.1 1.0+6.0 3964 0.27

Data are presented as mean = SEM. BP, blood pressure; FBF, forearm blood flow.

Table 3

Dose-ramped infusions of urantide

Urantide Urantide Urantide Urantide Significance

Variable Baseline 0.1 pmol min~! 1.0 pmol min™ 10 pmol min™" 100 pmol min~! of trend
Systolic BP (mmHg) 113 x4 116 £ 5 1195 120 =5 120 £ 4 0.002
Diastolic BP (mmHg) 66 =3 68 =3 69 £3 70 £ 3 70 £3 0.308

Mean arterial pressure (mmHg) 82 +3 84 3 86 + 3 87 3 87 +3 0.022

Heart rate (bpm) 48 + 2 50 + 2 49 + 2 49 + 1 50 + 1 0.112
Absolute FBF in infused arm (ml 100 mI-" min-") 2.60 + 0.37 2.65 *+ 0.35 2.80 *= 0.37 3.02 £ 0.42 3.14 £ 0.38 0.002

Ratio (infused/control arm) 1.27 £0.14 1.24 = 0.11 1.21 =0.10 1.16 = 0.10 1.16 = 0.11 0.214
Change in FBF ratio (%) 04+54 -1.0%x7.1 —6.6 = 6.6 -10.7 £ 6.6 0.390

Data are presented as means = SEM. BP, blood pressure; FBF, forearm blood flow.
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Figure 1

The effects of dose-ramped infusion of urotensin Il and urantide on the
percentage change in forearm blood flow (FBF) ratio. Urotensin Il was
infused at 0.1-300 pmol min~"in healthy volunteers ((J) and patients with
cardiovascular disease (A). Urantide was infused at 0.1-100 pmol min~" in
healthy volunteers (@). Data are presented as means + SEM

observed between the younger healthy volunteers and
older patients with established CVD.

It is possible that the absence of an effect of urotensin
Il on FBF results from an inadequate local concentration of
drug. In previous studies infusing 300 pmol min' of uro-
tensin Il intravenously, an increase in circulating plasma
urotensin Il immunoreactivity, sufficient to account for bio-
logical activity, was measured [21]. However, a similar bio-
logical activity cannot be extrapolated to this study in view
of the different route of administration. Another explana-
tion for the absence of an effect of urotensin Il is receptor
tachyphylaxis. Urotensin ll-mediated calcium mobilization
in human endothelial cells and urotensin ll-mediated con-
traction of vascular smooth muscle in the frog are both
subject to desensitization [22, 23].

We have found that during dose-ramped infusion of
urotensin ll, significant systemic haemodynamic changes
occurred in both healthy volunteers and CVD patients, a
finding that we have not seen previously in our plethys-
mography protocols. The most significant of these was a
rise in systolic and mean arterial blood pressure. This was
associated with, and may be partly explained by, a mild
elevation in heart rate that was significant in the patients
with CVD.However,as similar increases in systolicand mean
arterial blood pressure occurred during dose-ramped infu-
sion of urantide, it is likely that they relate to time rather
than to drug. A time-control arm to the study, in which
volunteers received saline infusion throughout, would
have provided a definitive answer but was not included on
the ethical grounds that another healthy volunteer and
patient cohort would have required arterial puncture. All
volunteers had to lie still for the 140-min duration of the
study, which is arduous for even the most relaxed partici-
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pant. The study duration in our other plethysmography
protocols is in the order of 90 min. The significant age dif-
ference between the healthy volunteer group and patient
population may explain some of the differences in systemic
haemodynamic trends between the two groups.

A much less likely explanation is that urotensin Il has a
positive inotropic action in humans that leads to a signifi-
cant rise in SBP and mean arterial pressure. Watson et al.
have shown positive inotropic and chronotropic effects of
intravenous and intracerebroventricular administration of
urotensin Il in sheep [24]. Mean arterial pressure started to
rise within 5min of a bolus injection, peaking at 30 min
and returning to control levels at 1 h. An inotropic role for
urotensin Il has also been suggested in various CVD states
[25,26].For example, the levels of urotensin Il and its recep-
tor are abundant in the cardiac tissue of patients with
dilated or ischaemic cardiomyopathy [26]. One could
speculate that upregulation of urotensin Il receptors in
CVD explains the more pronounced systemic haemody-
namic effects of urotensin Il in the CVD group compared
with healthy volunteers.

For the first time, this study has described the in vivo
actions of intra-arterial infusion of the urotensin Il receptor
antagonist, urantide, in humans. During dose-ramped infu-
sion of urantide, no significant changes in FBF ratio or per-
centage change in FBF ratio were observed. This suggests
that the absence of urotensin ll-mediated arterial vasocon-
striction that we have observed is not the result of tonic
receptor activation. However, we acknowledge that this
study is not powered to detect a small dilator or pressor
response to urantide. Given the absence of any pharmaco-
kinetic data on urantide administration to humans, we
cannot be confident that the infusion rate of drug was
optimal. In vitro experiments suggest that urantide should
actually be considered a low efficacy partial agonist, since
it mimics urotensin ll-induced calcium mobilization in cells
expressing recombinant urotensin Il receptors [27]. Until
pure nonpeptide antagonists become commercially avail-
able, inconsistencies in our understanding of urotensin Il
receptor activation will remain.

At present, the role of urotensin Il in the human cardio-
vascular system in health and disease is poorly under-
stood. Our results suggest that urotensin Il is a much less
important mediator of vascular tone in human brachial
artery in vivo than in many vascular beds studied in vitro.
Further studies are required to determine conclusively if
urotensin Il receptor modulation affects heart rate, stroke
volume and peripheral vascular resistance in humans.
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