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Urotensin 11 evokes potent vasoconstriction in humans in vivo
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The peptide urotensin II (U II) evokes potent vasoconstriction in non-human primates. In human
blood vessels studied in vitro variable effects of U II are reported; vasoconstriction, vasodilatation or
no response. It is therefore of importance to determine the vascular effect of U II in humans in vivo.
U II (0.1-300 pmol min ") was infused into the brachial artery of nine healthy volunteers. Changes
in forearm blood flow (FBF) were determined by venous occlusion plethysmography. U II induced
dose-dependent reduction in FBF. A threshold response was obtained by 1 pmol min~', and the
highest dose of U II (300 pmol min ") reduced FBF by 31+4% (P<0.01). FBF returned to baseline
values within 30 min. This study demonstrates that U II produces potent vasoconstriction in humans

in vivo.
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Introduction Urotensin II (U II) is a cyclic peptide that was
originally isolated from fish spinal cord (Pearson et al., 1980).
Recently, the human form of U II (Coulouarn et al., 1998)
and its receptor (Ames et al., 1999) were cloned. The U II
precursor gene is expressed in the spinal cord and peripheral
tissues (Coulouarn et al., 1998), and U IlI-like immuno-
reactivity has been demonstrated in both cardiac and vascular
tissue (Ames et al., 1999). The receptor for U II is widely
distributed in human tissue including human coronary
arteries and skeletal muscle (Maguire et al., 2000).

Human U II was originally described to be the most potent
mammalian vasoconstrictor identified so far (Ames et al.,
1999). Intravenous administration of U II markedly increased
total peripheral resistance in anaesthetized non-human
primates. However, subsequent studies have indicated that
both species and regional variations exist regarding the
vascular actions of U II. In the rat U II evoked dose-
dependent mesenteric and hindquarter vasodilatation (Gardi-
ner et al., 2001). Furthermore, U II caused relaxation of rat
isolated coronary arteries which was abolished by an
inhibitor of nitric oxide synthase or endothelium removal
(Bottrill et al., 2000). In human blood vessels studied in vitro,
the effect has been variable. U II was 50 times more potent as
a constrictor than endothelin-1 in coronary and mammary
arteries, although 30% of the vessels did not respond to U II
(Maguire et al., 2000). Stirrat et al. (2001) reported that U II
evoked potent dilator effects in human pulmonary and
abdominal resistance arteries. In a study on several different
small isolated human arteries and veins, no constrictor or
dilator effects of U II could be demonstrated, and therefore
the importance of this peptide in cardiovascular regulation
was questioned (Hillier ez al., 2001).

There are no observations regarding the vascular effects of
U II in humans under in vivo conditions, however. Based on
the marked vasoconstrictor effects of U II previously
described in non-human primates (Ames et al., 1999), it is
of great importance to establish the vascular effects of U II in
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humans in vivo. In the present study, we therefore evaluated
the effects of local administration of U II on forearm blood
flow (FBF) in healthy subjects.

Methods Subjects The study was performed on nine
healthy, non-smoking males with a mean age of 24+1
years. All subjects were normotensive (mean arterial pressure
89+2 mmHg) and of normal height and weight (body mass
index 22+1). Informed consent was obtained from all
subjects. The investigation was approved by the human
ethics committee of the Karolinska Hospital.

Forearm blood flow studies The investigations were
performed with the subjects in the supine position in a quiet
laboratory with controlled temperature. The subjects were
allowed a light breakfast without caffeine-containing drinks or
alcohol on the day of the study. Heart rate was followed
continuously from an ECG. A percutaneous catheter was
inserted under local anaesthesia in the proximal direction into
the brachial artery of the non-dominant arm for infusions.
FBF was measured simultaneously in both arms by venous
occlusion plethysmography (Pernow et al., 1991) using a
mercury-in-silastic strain gauge around the widest part of the
forearm. A cuff placed around each upper arm was inflated to
50 mmHg to induce venous occlusion for 10s every 15s
during recordings of FBF. The circulation of the hands was
occluded by inflating a wrist cuff to 30 mmHg above systolic
blood pressure during the blood flow registrations. NaCl
(0.9%) was infused into the brachial artery at a rate of
0.5 ml min~! throughout the study. Basal FBF was
determined during an additional infusion of saline for 2 min
at a rate of 1 ml min~'. A dose-response challenge to U II was
then performed by infusing increasing doses (0.1, 1, 10, 100
and 300 pmol min~"). Each dose was infused for 15 min at a
rate of 1 ml min~—".

Drugs U 1II (Clinalfa AG, Léufelfingen, Switzerland) was
dissolved in 0.9% NaCl and thereafter stored frozen at
—80°C. On the day of the experiments U II was diluted to
the proper concentrations in sterile 0.9% NaCl.
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Calculations FBF was calculated as the mean of eight inflow
recordings during 2 min. The ratio of flows in the infusion
and non-infusion arms at each time point is expressed as
percentage change from baseline. Data are also expressed as
absolute flow in the infusion arm. All data are given as mean
values and standard error of the mean (s.e.mean). Statistical
differences were calculated using ANOVA followed by
Dunnett’s test. A P<0.05 was regarded as significant.

Results Administration of U II resulted in a dose-dependent
significant reduction in FBF both when expressed in absolute
values and per cent change (Figure 1). A threshold effect was
achieved by 1 pmol min~'. The maximum reduction in FBF
obtained by 300 pmol min—' was 314+4% (Figure 1A). FBF
had returned to pre-infusion levels 30 min after cessation of
the highest dose (23+4 ml min—' 1000 ml~"' at 30 min after
the infusion vs 2442 mlmin~' 1000 ml~' before the
infusions). There was no change in heart rate or FBF in
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Figure 1 Effect of urotensin II on forearm blood flow. Values are
expressed (A) as per cent change in flow and (B) in absolute blood
flow. Data are given as mean values and s.e.means (n=09). Significant
differences from pre-infusion values (Time 0) are shown; *P<0.05,
**P<0.01.

infusions
—1

the contralateral control arm during the
(1942 ml min—" 1000 ml~" pre-infusion vs 2043 ml min
1000 ml~" at 300 pmol min~").

Discussion The present study demonstrates that U II mediates
potent vasoconstriction in the forearm of humans. This is in
line with the findings of Ames et al. (1999) in the cynomolgus
monkey, in which U II was a powerful vasoconstrictor.
Previous studies of isolated human blood vessels have revealed
variable results. The present results are in agreement with the
potent vasoconstrictor response to U II in certain arterial
preparations in vitro reported by Maguire et al. (2000).
However, the results of the present study are in contrast to
the findings of Hillier ez al. (2001) who described that U II
exerts no vasoconstrictor effect in several different isolated
human arteries and veins. The inconsistent effects of U II
observed under in vitro conditions emphasizes the importance
of evaluating its vascular effects in the in vivo situation.

The reduction in FBF was dose-dependent with a threshold
effect at 1 pmol min—'. This demonstrates a high potency of
U II as a vasoconstrictor in vivo. For comparison, endothelin-
1, reduces FBF at a dose of 3—10 pmol min~' under similar
experimental conditions (Pernow er al., 1991). However, the
magnitude of the constrictor response obtained with U II was
smaller than that previously obtained with endothelin-1
which reduces FBF by approximately 60% at a similar dose
range (Pernow et al., 1991). These findings are in agreement
with those in isolated human arteries (Maguire et al., 2000).
It is of course possible that higher doses of U II would result
in larger response, but due to safety reasons higher doses
which may cause systemic effects were not given. The doses
given produced only local effects in the infused forearm since
there were no changes in heart rate or blood flow in the
contralateral control arm, demonstrating that no systemic
effects were obtained. Furthermore, the unchanged blood
flow in the control arm demonstrates the stability of the
experimental model and that the reduction in FBF in the
experimental arm was mediated by the U II infusion.

In conclusion, this study is the first to demonstrate a
potent vasoconstrictor effect of U II in humans in vivo. This
finding indicates that U II may be of importance for
regulation of vascular tone in humans.

The study was supported by grants from the Swedish Medical
Research Council (10857), the Swedish Heart-Lung Foundation
and the Karolinska Institute. The authors are grateful to Ann
Lindstrém for technical assistance.

British Journal of Pharmacology vol 135 (1)



F. Bohm & J. Pernow

Special Report 27

References

AMES, R.S., SARAU, H.M., CHAMBERS, J.K., WILLETTE, R.N.,
AIYAR, N.V.,, ROMANIC, A.M., LOUDEN, C.S., FOLEY, J.J.,
SAUERMELCH, C.F., COATNEY, R.W., AO, Z., DISA, J., HOLMES,
S.D., STADEL, J.M., MARTIN, J.D., LIU, W.S., GLOVER, G.I.,
WILSON, S., MCNULTY, D.E., ELLIS, C.E., ELSHOURBAGY, N.A.,
SHABON, U., TRILL, J.J., HAY, D.W. & DOUGLAS, S.A. (1999).
Human urotensin-II is a potent vasoconstrictor and agonist for
the orphan receptor GPR14. Nature, 401, 282—286.

BOTTRILL, F.E., DOUGLAS, S.A., HILEY, C.R. & WHITE, R. (2000).
Human urotensin-II is an endothelium-dependent vasodilator in
rat small arteries. Br. J. Pharmacol., 130, 1865 —1870.

COULOUARN, Y., LIHRMANN, 1., JEGOU, S., ANOUAR, Y., TOSTI-
VINT, H., BEAUVILLAIN, J.C., CONLON, J.M., BERN, HA. &
VAUDRY, H. (1998). Cloning of the cDNA encoding the
urotensin Il precursor in frog and human reveals intense
expression of the urotensin II gene in motoneurons of the spinal
cord. Proc. Natl. Acad. Sci. U.S.A., 95, 15803 —15808.

GARDINER, S.M., MARCH, J.E., KEMP, P.A., DAVENPORT, A.P. &
BENNETT, T. (2001). Depressor and regionally-selective vasodi-
lator effects of human and rat urotensin II in conscious rats. Br.
J. Pharmacol., 132, 1625-1629.

HILLIER, C., BERRY, C., PETRIE, M.C., O'DWYER, P.J., HAMILTON,
C.,BROWN, A. & MCMURRAY, J. (2001). Effects of urotensin II in
human arteries and veins of varying caliber. Circulation, 103,
1378 - 1381.

MAGUIRE, J.J., KUC, R.E. & DAVENPORT, A.P. (2000). Orphan-
receptor ligand human urotensin II: receptor localization in
human tissues and comparison of vasoconstrictor responses with
endothelin-1. Br. J. Pharmacol., 131, 441 —446.

PEARSON, D., SHIVELY, J.E. CLARK, B.R., GESCHWIND, II,
BARKLEY, M., NISHIOKA, R.S. & BERN, H.A. (1980). Urotensin
II: a somatostatin-like peptide in the caudal neurosecretory
system of fishes. Proc. Natl. Acad. Sci. U.S.A4., 77, 5021 —5024.

PERNOW, J., HEMSEN, A., LUNDBERG, J.M., NOWAK, J. & KAIJSER,
L. (1991). Potent vasoconstrictor effects and clearance of
endothelin in the human forearm. Acta Physiol. Scand., 141,
319-324.

STIRRAT, A., GALLAGHER, M., DOUGLAS, S.A., OHLSTEIN, E.H.,
BERRY, C., KIRK, A., RICHARDSON, M. & MACLEAN, M.R.
(2001). Potent vasodilator responses to human urotensin-II in
human pulmonary and abdominal resistance arteries. Am. J.
Physiol. Heart Circ. Physiol., 280, H925-H928.

(Received August 9, 2001
Revised September 25, 2001
Accepted October 18, 2001)

British Journal of Pharmacology vol 135 (1)



	fig_xref1
	bib_xref

