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Contractile responses to human urotensin-II in rat and human
pulmonary arteries: e�ect of endothelial factors and chronic
hypoxia in the rat
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Responses to human urotensin-II (hU-II) were investigated in human and rat pulmonary arteries.
Rat pulmonary arteries: hU-II was a potent vasoconstrictor of main pulmonary arteries (2 ± 3 mm
i.d.) (pEC50, 8.55+0.08, n=21) and was *4 fold more potent than endothelin-1 [ET-1] (P50.01),
although its Emax was considerably less (*2.5 fold, P50.001). The potency of hU-II increased 2.5
fold with endothelium removal (P50.05) and after raising vascular tone with ET-1 (P50.01). Emax

was enhanced *1.5 fold in the presence of No-nitro-L-arginine methylester (L-NAME, 100 mM,
P50.01) and *2 fold in vessels from pulmonary hypertensive rats exposed to 2 weeks chronic
hypoxia (P50.05). hU-II did not constrict smaller pulmonary arteries. Human pulmonary arteries
(*250 mm i.d.): in the presence of L-NAME, 3 out of 10 vessels contracted to hU-II and this
contraction was highly variable. hU-II is, therefore, a potent vasoconstrictor of rat main pulmonary
arteries and this response is increased by endothelial factors, vascular tone and onset of pulmonary
hypertension. Inhibition of nitric oxide synthase uncovers contractile responses to hU-II in human
pulmonary arteries.
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Introduction Human urotensin-II (hU-II) is a cyclic peptide
recently cloned in man and present in human cardiac tissue

and human arteries (including coronary atheromatous
arteries). Rat, mouse and porcine isoforms of U-II have also
been cloned (Coulouarn et al., 1999; Mori et al., 1999). A

receptor for hU-II has recently been described in man and hU-
II mediates vasoconstriction in many arteries from non-human
primates including coronary, pulmonary and carotid arteries

(Ames et al., 1999; Douglas et al., 2000). It is a magnitude
more potent than endothelin-1 (ET-1) and hence the most
potent mammalian vasoconstrictor identi®ed so far. To date

there has not been any demonstration of hU-II-induced
vasoconstriction in human vasculature.

hU-II is a potent vasoconstrictor in monkey pulmonary
arteries (Ames et al., 1999). The current study is, however, the

®rst investigation of its e�ects in rat or human pulmonary
arteries. Chronic hypoxia, increased pulmonary vascular tone
and inhibition of nitric oxide synthase (NOS) have all been

shown to enhance responses to endogenous vasoconstrictors in
pulmonary arteries (MacLean, 1999). In order to investigate a
potential role for hU-II in pulmonary vascular disease, it is of

interest to study any changes in contractile responses to hU-II
under these conditions. Rat and human U-II have been shown
to be equipotent vasoconstrictors in rat aorta (Douglas,

unpublished observations).

The aims of this study were, therefore, to investigate (i) hU-
II-induced vasoconstriction in rat and human pulmonary

arteries; (ii) the in¯uence of chronic hypoxic exposure and
development of pulmonary hypertension (PHT) on hU-II-
induced vasoconstriction in rat pulmonary arteries; (iii) the

in¯uence of endothelium removal, NOS inhibition and
increased pulmonary vascular tone on hU-II-induced vaso-
constriction.

Methods Chronically hypoxic rats Male Wistar rats of 28 ±
30 days of age (at start of experiment) were placed in a

specially designed perspex hypobaric chamber (Royal Hallam-
shire Hospital, She�eld). This was depressurized, over 2 days,
to 550 mbar (pO2 of *110 mmHg [*10% equivalent]). The
temperature of the chamber was maintained at 21 ± 228C and

the chamber was ventilated with air at approximately
45 l min71. Animals were maintained in these hypoxic/
hypobaric conditions for 2 weeks. Aged-matched controls

were maintained in room air (20% oxygen). The right ventricle
of the heart was carefully dissected free of the septum and left
ventricle and these were blotted lightly and weighed. PHT was

assessed by measuring the ratio of right ventricular (RV) / total
ventricular (TV) weight. This is a well established index of the
degree of PHT in rats (Hunter et al., 1974).

The main pulmonary artery (2 ± 3 mm i.d.), the pulmonary
artery branches (1 ± 2 mm) and the intralobar pulmonary
arteries (*1 mm i.d.) were dissected out and set up in 5 ml
organ baths under optimal resting tension 1.5, 1.5 and 1.0 g

tension respectively. Where indicated, vessels had their
endothelium removed by gentle rubbing of the intimal surface.*Author for correspondence; E-mail: M.Maclean@bio.gla.ac.uk
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To assess vascular endothelial function, vessels were pre-
constricted with 1 mM phenylephrine and the response to 1 mM
acetylcholine determined.

Human pulmonary arteries Macroscopically normal small
muscular pulmonary arteries (*250 mm i.d.) were dissected
from lung tissue removed during bronchial carcinoma

removal. These were isolated and mounted as ring prepara-
tions in isometric wire myographs. Tension was applied to
vessels to give a transmural pressure equivalent of approxi-

mately 12 ± 16 mmHg, which is similar to in vivo pressures of
pulmonary arteries.

All vessels were bathed in Krebs-bu�er solution (mM: NaCl

18.4, NaHCO3 25, KCl 4.7, KH2PO4 1.2, MgSO4 0.6, CaCl2
2.5, glucose 11 and 23 mM EDTA [pH 7.4]) at 378C with a
constant supply of 16% O2/5% CO2 (balance N2) to mimic in

vivo pO2 values (bath pO2 was *120 mmHg).

Experimental protocols Following 45 min equilibration, the
response to 50 mM KCl was determined. Cumulative con-

centration-response curves (CCRCs) were constructed to hU-
II either in the presence or absence of 100 mM No-nitro-L-
arginine methylester (L-NAME) or preconstriction with

endothelin-1 (ET-1) to give a contraction equivalent to the
EC10 for ET-1 in this tissue (0.3 ± 1 nM). CCRCs to ET-1 were
also constructed in the rat main pulmonary arteries.

Statistical analysis of data All responses to hU-II were
calculated both as a percentage of the initial response to

50 mM KCl, to calculate Emax, and as a percentage of the
maximum response achieved. pEC50 values were subsequently
calculated from each individual experiment by BBC micro-
computer graphical interpolation. Responses to acetylcholine

were assessed as a percentage of the preconstriction to
phenylephrine. Statistical comparisons of unpaired data sets
were carried out using Students' unpaired t-test with P50.05

considered signi®cant. Comparisons were made with control
data obtained over the same periods of time the experimental
procedures were conducted. In those vessels preconstricted

with ET-1, responses to hU-II were calculated taking the level
of preconstriction with ET-1 as 0%.

Results Responses to hU-II in rat main pulmonary arteries

hU-II was a potent vasoconstrictor in rat main pulmonary
arteries (Figure 1A) but did not constrict smaller rat vessels or
human small pulmonary arteries under control conditions

(n=10). The pEC50 for hU-II was 8.55+0.08 (n=21) as shown
in Table 1. Control curves were constructed at the same time as
all pharmacological manipulations, and neither the pEC50 or

Emax values changed signi®cantly over the period of study. For
example, statistical comparisons were made with three control
groups: pEC50: 8.65+0.07 (n=7), 8.48+0.08 (n=7) and

8.54+0.09 (n=7) with Emax values of 55.0+4.7, 57.1+8.6,
59.0+5.0 respectively. The Emax for 50 mM KCl in these vessels
was 732+48 mg wt tension (n=21). hU-II was *4 fold more
potent (P50.01) than ET-1 although ET-1 induced a

maximum response *2 fold greater (P50.001) than that
induced by hU-II (Table 1).

Responses to hU-II in endothelium-denuded rat main pulmonary
arteries In endothelium-intact arteries, 1 mM acetylcholine
induced a 40+5% (n=5) relaxation of phenylephrine induced

tone (850+45 mg wt) which was absent in endothelium-
denuded vessels. Removal of the endothelium resulted in a
*2.5 fold increase in the potency of hU-II (P50.05) with no
change in the maximum response induced (Figure 1A, Table

1). No attempt was made to remove the endothelium from the
human resistance vessels as experience dictates that this

Figure 1 (A) Vasoconstrictor responses to hU-II in rat main
pulmonary arteries: e�ects of mechanical endothelium removal and
nitric oxide synthase inhibition with No-nitro-L-arginine methylester
(L-NAME). (B) Vasoconstrictor responses to hU-II in rat main
pulmonary arteries: e�ects of increased vascular tone induced by
0.3 ± 1 nM endothelin-1 and chronic hypoxia. Chronic hypoxia was
induced by exposure of the rats to hypobaric conditions for 2 weeks
at an equivalent oxygen tension of 10%. Data is shown as
mean+s.e.mean and calculated as the percentage of a response to
50 mM KCl in the same preparation.
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damages the underlying smooth muscle due to the sparcity of
the medial layer. In these vessels acetylcholine induced a
50+5% reduction in phenylephrine induced tone (n=10).

Responses to hU-II in the presence of L-NAME in rat main
pulmonary arteries and human pulmonary arteries Rat
vessels: Whilst L-NAME did not signi®cantly increase the

potency of hU-II, it signi®cantly increased the maximum
response (*64%, P50.01) induced by hU-II (Figure 1A,
Table 1). The response to 50 mM KCl in these groups was not

signi®cantly di�erent: 726+48 (control group) vs
739+50 mg wt tension (L-NAME treated group).

Human vessels: Out of 10 vessels tested, three contracted

to hU-II (in the same concentration range as observed in the
rat) in the presence of L-NAME and these responses varied
enormously. Adjacent ring sections from the same human

vessels and not treated with L-NAME did not respond to hU-
II. The maximum responses were 14, 38 and 220% of the
response to 50 mM KCl. The response to 50 mM KCl in these
vessels was 135+32 mg wt tension. The contraction to hU-II

was slowly developing as illustrated in Figure 2.

Responses to hU-II in main pulmonary arteries from chronic

hypoxic vs control rats RV/TV was 0.199+0.08 in control
rats and 0.303+0.005 in chronic hypoxic rats (n=4, P50.001)
indicating the development of PHT. Whilst the potency of hU-

II was not altered in the chronic hypoxic rat vessels, the
maximum response to hU-II was increased [*80%, P50.05]
(Figure 1B, Table 1).

Responses to hU-II in the presence of ET-1-induced tone in rat
main pulmonary arteries and human pulmonary arteries Rat
vessels: The preconstriction with ET-1 was 24.7+2.8% of

the response to 50 mM KCl (n=5) and equivalent to the pEC10

for ET-1 itself in this tissue. hU-II was 2.5 fold (P50.01) more
potent in vessels preconstricted with ET-1 (Figure 1B, Table 1).

Human vessels: hU-II failed to constrict vessels precon-
stricted with ET-1 (n=10).

Discussion hU-II was a potent vasoconstrictor in the rat
main pulmonary artery being some 4 fold more potent than
ET-1. hU-II did not, however, constrict smaller pulmonary

arteries of the rat nor did it contract human small pulmonary
arteries under normal conditions. ET-1 is a potent
vasoconstrictor of these vessels (MacLean & McCulloch,
1998; McCulloch et al., 1998). This `anatomically diverse'

contractile pro®le of hU-II is consistent with previous
observations made in the rat and dog (Ames et al., 1999;
Douglas et al., 2000). In the rat, the vasoconstrictor activity

of hU-II is limited to the thoracic aorta and hU-II has no
e�ect on the rat abdominal aorta or femoral and renal
arteries. In contrast, in the dog, hU-II is a coronary-selective

vasoconstrictor (Douglas et al., 2000). The pEC50 for hU-II
in the rat aorta was *8.9 ± 9.3 and hence similar to the
potency observed in the rat main pulmonary artery. The high

sensitivity of rat aorta for U-II has been previously reported
for ®sh U-II (Gibson, 1987; Itoh et al., 1987; 1988). hU-II
has, however been shown to constrict all non-human primate
arteries tested to date (Ames et al., 1999).

We wished to investigate the possibility that responses to
hU-II could be enhanced by conditions which prevail in the rat
pulmonary arteries after the development of pulmonary

hypertension. These include endothelial dysfunction and
elevated vascular tone (for review see MacLean, 1999). The
results show that the potency of hU-II was increased by

removal of the endothelium and by raising the vascular tone.
Emax was enhanced by inhibition of NOS and in vessels
removed from rats exposed to 2 weeks chronic hypoxia. The
observation that Emax was increased by L-NAME but not

endothelium removal suggests that endothelium-derived
vasoactive agents other that NO may interact with hU-II. It
has previously been shown that ®sh U-II can cause

endothelium-dependent vasodilations in rat aorta (Gibson,

Figure 2 Cumulative concentration-dependent response to hU-II in a human small muscular pulmonary artery (*250 mM i.d.) in
the presence of 100 mM L-NAME. hU-II was added in 0.5 logM steps. In this preparation, hU-II induced a maximum contraction
220% that of the response to 50 mM KCl in the same tissue. L-NAME: No-nitro-L-arginine methylester; hU-II: urotensin-II.

Table 1 Vasoconstriction to urotensin-II in the rat main
pulmonary artery: e�ect of endothelium removal, nitric
oxide synthase inhibition, vascular tone and chronic hypoxia

pEC50 Emax n

hU-II control
hU-II minus endothelium
hU-II plus L-NAME
hU-II plus tone
hU-II chronic hypoxia
Endothelin-1

8.55+0.08
8.94+0.10*
8.50+0.07
8.93+0.07**
8.71+0.11
7.97+0.16**

57.0+6.1
67.4+8.9
93.7+9.0**
72.4+14
103+25*
153+20***

21
5
7
5
4
6

Data is shown as mean+s.e.mean. Tone was induced by
preconstriction with 0.3 ± 1.0 nM endothelin-1. Chronic
hypoxia was induced by exposure of the rats to hypobaric
conditions for 2 weeks at an equivalent oxygen tension of
10%. Nitric oxide synthase inhibition was induced with 100
mM L-NAME. Statistical comparisons were by Students
paired t-test. Statistically signi®cant di�erences vs hU-II
controls carried out over the same time period as the
experimental protocols (n=7): *P<0.05, **P<0.01,
***P<0.001. L-NAME: No-nitro-L-arginine methylester;
hU-II: urotensin-II.
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1987). Therefore it is possible that the e�ect of L-NAME on
contractile responses to hU-II observed here may be due to
hU-II-induced release of NO antagonizing its direct vasocon-

strictor e�ect but this requires clari®cation.
These results are the ®rst to indicate that vasoconstrictor

responses to hU-II can be enhanced by removal of the vascular
endothelium, NOS inhibition, increased vascular tone and

PHT.
Due to the positive nature of our results in the rat

pulmonary arteries, we investigated if NO inhibition or raised

vascular tone could `uncover' responses to hU-II in human
small pulmonary arteries. Increased vascular tone failed to
uncover responses to hU-II in these vessels but 30% of the

vessels tested contracted to hU-II in the presence of L-NAME.
These responses were slowly developing and highly variable
which is likely to be due to the anatomically diverse nature of

hU-II receptor density. We cannot, however, determine the
precise region of human lung from which the vessels are
dissected due to the random nature of the surgical procedures.

This is the ®rst demonstration of a vasoconstrictor e�ect of

hU-II in human tissue however and the results are of great

interest as they suggest that de®ciencies in NOS or cyclic GMP
accumulation could have a profound in¯uence on hU-II-
induced vasoconstriction in the human lung which could have

implications in PHT. NOS activity can decrease in lungs from
patients with severe PHT and guanosine 3' 5' cyclic monopho-
sphate accumulation can be compromised in pulmonary
arteries removed from chronic hypoxic rats (Giaid & Saleh,

1995; MacLean et al., 1996). The observation that pulmonary
responses to hU-II are enhanced in the chronic-hypoxic,
pulmonary hypertensive rat also lend support to this

hypothesis.
In summary, we have shown that hU-II is a more potent

vasoconstrictor than ET-1 in rat main pulmonary arteries. It

demonstrates anatomical diversity in the rat pulmonary
circulation in that it does not constrict smaller pulmonary
arteries. In addition, responses to hU-II are enhanced by

endothelium removal, NOS inhibition, increased vascular tone
and in pulmonary hypertension. Vasoconstriction to hU-II in
human small pulmonary arteries can be uncovered by NOS
inhibition. Further investigations into the role of hU-II in the

pathobiology of PHT are warranted.
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