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Depressor and regionally-selective vasodilator e�ects of human and
rat urotensin II in conscious rats
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The regional haemodynamic e�ects of rat or human urotensin II (U-II) 3, 30, 300 and
3000 pmol kg71, i.v.) were assessed in separate groups of conscious, unrestrained, male, Sprague-
Dawley rats (n=8 in each). Rat and human U-II had similar e�ects. At a dose of 3 pmol kg71,
neither peptide had any signi®cant action, while at a dose of 30 pmol kg71, there was a transient
mesenteric vasodilatation (signi®cant only for rat U-II). At doses of 300 and 3000 pmol kg71, there
were dose-dependent tachycardias, and mesenteric and hindquarters hyperaemic vasodilatations.
Thus, in conscious rats, the predominant cardiovascular action of rat and human U-II is
vasodilatation. This is in contrast to recent ®ndings with human U-II in non-human primates, but is
consistent with e�ects on human isolated resistance vessels.
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Introduction The cloning of the cDNA encoding human
urotensin II (U-II) (Coulouarn et al., 1998), and the
identi®cation of this peptide as the endogenous ligand for

the hitherto orphan receptor, GPR 14 (Ames et al., 1999; Liu
et al., 1999; Mori et al., 1999; Nothacker et al., 1999), has
stimulated interest in the potential physiological and
pathophysiological role(s) of human U-II. The report of

Ames et al. (1999), showing a predominance of GPR 14
expression in cardiovascular tissues (vascular smooth muscle,
cardiac tissue and endothelial cells), together with a powerful

in vitro vasoconstrictor action in non-human primate
vasculature, and intense vasoconstriction leading to fatal
cardiovascular collapse following systemic administration of

human U-II to anaesthetized non-human primates, concluded
with speculation about the possible involvement of the
peptide in cardiovascular homeostasis and pathology (Ames
et al., 1999).

Ames et al. (1999) described potent vasoconstrictor activity
of human U-II in arterial, but not venous, preparations from
a wide range of vascular territories in cynomolgus monkeys,

whereas the vasoconstrictor activity, in preparations from
rats, was restricted to the thoracic aorta. Marked species
di�erences, and regional variations in the vasoconstrictor

e�ects of human U-II, have since been shown by others
(Bottrill et al., 2000; Douglas et al., 2000; Maclean et al.,
2000; Maguire et al., 2000). Vascular contractions induced by

human U-II are described as being slow in onset, sustained
and resistant to washout, and the potency of human U-II to
cause constriction is generally found to be either greater than,
or equal to, that of endothelin. Human U-II has, therefore,

been described as `the most potent mammalian vasoconstric-
tor identi®ed to date' (Douglas et al., 2000).

In addition to a vasoconstrictor e�ect of human U-II, there
is evidence for it having a vasodilator action in some vascular
beds. For example, rat small mesenteric arteries showed no

constrictor response to human U-II, but dose-dependent
vasodilatation when pre-constricted with methoxamine (Bot-
trill et al., 2000). Furthermore, rat coronary vasculature

(isolated vessels (Bottrill et al., 2000) and perfused heart
(Katano et al., 2000)), showed endothelium-dependent
dilatation in response to human U-II, in addition to a
variable degree of constriction. Moreover, human pulmonary

artery preparations showed variable constrictor responses to
human U-II (3 out of 10 preparations tested), and only
apparent in the presence of nitric oxide synthase inhibition

(Maclean et al., 2000), indicating a possible dual vasocon-
strictor and vasodilator action of the peptide. More recently,
it was shown that human small pulmonary and abdominal

adipose tissue arteries, with an intact endothelium, showed
relaxations in response to human U-II when pre-contracted
with endothelin, but whether or not the relaxations were
endothelium-dependent was not determined (Stirrat et al.,

2000). Thus, in contrast to the general view that human U-II
may be an important vasoconstrictor (see above), Stirrat et
al. (2000) concluded with the statement that `human U-II was

a potent vasodilator of human resistance arteries'.
To date, the only published in vivo study with human U-II,

to our knowledge, is that of Ames et al. (1999) in

anaesthetized, cynomolgus monkeys, demonstrating a pro-
found vasoconstrictor action in that species. Douglas et al.
(2000) alluded to unpublished observations showing the lack

of systemic pressor responses to human U-II in anaesthetized
or pithed rats, but clearly, as stated by Bottrill et al. (2000),
the marked regional variations in the vascular responses to
U-II make it di�cult to interpret data restricted to

measurements of blood pressure. Therefore, the aim of the
present study was to establish the regional haemodynamic
e�ects of human U-II in conscious, freely-moving rats. For
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comparison, studies were also performed using rat U-II,
which di�ers from human U-II in the number (14 vs 11) and
identity of amino acid residues, but shares the cyclohexapep-

tide sequence, which is highly conserved across species
(Coulouarn et al., 1998; 1999) and is, therefore, likely to be
important in ligand binding.

Methods Experiments were performed in male, Sprague
Dawley rats (Charles River) weighing 380 ± 450 g. Under
anaesthesia (fentanyl and meditomidine (300 mg kg71 of each,

i.p.) reversed with nalbuphine and atipamezole (1 mg kg71 of
each, s.c.)), miniaturized pulsed Doppler ¯ow probes and
intravascular catheters were implanted in a two-stage

procedure, separated by at least 10 days (see Gardiner et
al., 1994). Experiments were performed at least 24 h after the
last surgical procedure (catheterization), with the animals

fully conscious and freely moving in their home cages.
After a period of baseline recordings, rat or human U-II

were administered as i.v. bolus doses in ascending order (3,
30, 300 and 3000 pmol kg71), to two separate groups of rats

(n=8 in each), with 30 min between the ®rst and second
dose, 30 min between the second and third dose, and 60 min
between the third and fourth dose. Injections were given in a

volume of 0.1 ml over a period of 5 s. U-II (rat or human)
was obtained from the Peptide Institute. Stock solutions
(120 nmol ml71) were prepared in sterile distilled water and

subsequently diluted with sterile saline.

Data analysis Within-group comparisons were made with

Friedman's test, and between-group comparisons were made
using the Kruskal-Wallis test. A P value 50.05 was taken as
signi®cant.

Results At the two lower doses, neither rat U-II nor human
U-II had any cardiovascular e�ects, with the exception of a
small and very transient (1 min duration) increase in

mesenteric vascular conductance following the 30 pmol kg71

dose. This e�ect was signi®cant for rat U-II (+6+3%
change) but not for human U-II (+5+2% change).

At doses of 300 and 3000 pmol kg71, rat and human U-II
caused dose-dependent tachycardia, and, whilst mean arterial
blood pressure was not a�ected by the 300 pmol kg71 dose, it
fell substantially following the 3000 pmol kg71 dose (Figure

1). There was a fall in renal blood ¯ow following
administration of the highest dose of U-II (Figure 2), but
no signi®cant e�ects on renal vascular conductance were

observed at any of the doses tested (Figure 3). In contrast, U-
II caused dose-dependent hyperaemic vasodilatations in the
mesenteric and hindquarters vascular beds (Figures 2 and 3).

The increases in mesenteric ¯ow and vascular conductance
occurred sooner, and were more transient, than the increases
in hindquarters ¯ow and vascular conductance (Figures 2 and

3). Indeed, even 2 h after administration of the highest dose,
heart rate and hindquarters vascular conductances were still
elevated (data not shown). There were no signi®cant
di�erences between the e�ects of rat U-II and human U-II

(Figures 1 ± 3).

Discussion The present study is the ®rst to describe the

cardiovascular e�ects of systemic administration of rat or
human U-II in conscious animals, and shows that, in rats,
there were marked, dose-dependent tachycardias and hyper-

aemic vasodilatations in the mesenteric and hindquarters
vascular beds, associated with hypotension at the highest
dose tested. These ®ndings are in stark contrast to the

®ndings of Ames et al. (1999), who showed pronounced
vasoconstriction, leading to cardiovascular collapse, following
systemic administrations of similar doses of human U-II to
anaesthetized cynomolgus monkeys (although they did allude

to some vasodilator e�ects of human U-II at low doses
(530 pmol kg71)). However, the lack of pressor and
vasoconstrictor e�ects of human U-II in our study is perhaps

not surprising, in view of the marked species di�erences in
the reported in vitro actions of this peptide (see Introduction).
Thus, in rats, consistent vasoconstrictor action has only been

reported in the thoracic aorta (i.e., a conduit vessel, probably
not involved directly in the control of systemic arterial blood
pressure), whereas in cynomolgus monkeys, vasoconstriction

to human U-II was found in all arterial vessels tested (Ames
et al., 1999).

Urotensin was initially isolated and sequenced from the
®sh neurosecretory system; ®sh (goby) and human isoforms

di�er in length by only one amino acid (Coulouarn et al.,
1999). Earlier studies (Gibson 1987) showed complex
vasodilator (endothelium-dependent) and vasoconstrictor

e�ects of goby U-II in rat aortic strip preparations. The
hypotensive e�ects we observed are consistent with earlier
reports in anaesthetized and pithed rats in which it was

shown that systemic administration of goby U-II caused a
fall in blood pressure (Gibson et al., 1986; Hasegawa et al.,
1992), although the regional vascular e�ects of U-II were not

described. The mesenteric vasodilatation we observed is
consistent with the observations of Bottrill et al. (2000)
showing only vasodilator responses to human U-II in isolated
rat mesenteric vasculature.

The particular points of note from the present study are as
follows:

(1) There were no di�erences between the rat and human
isoforms of the peptide, indicating that the conserved
cyclohexapeptide sequence is likely involved in initiating

the e�ects.
(2) The onset and duration of vasodilator action di�ered

between the mesenteric and hindquarters vascular beds,
possibly indicating di�erent mechanisms of action

(direct and/or indirect). The vasoconstrictor e�ect of
human U-II has been described by many as being
remarkably slow in onset (e.g., 20 min (Opgaard et al.,

2000)). Here, the onset of the vasodilatation, particu-
larly in the mesenteric vascular bed, was relatively rapid
(time to peak=3.9+4 min and 3.3+3 min for human

and rat U-II, respectively). The vasoconstrictor action
depends on U-II binding to receptors on the vascular
smooth muscle cells, and involves phospholipase C-

dependent increases in inositol phosphates (Opgaard et
al., 2000). Whether or not the vasodilator e�ects
observed here involved endothelium-dependent mechan-
isms, and the possibility that, in their absence, an

underlying vasoconstrictor e�ect would be revealed,
remains to be determined.

(3) The renal vascular conductance was apparently un-

a�ected by U-II. The haemodynamic pro®le seen here
with U-II, namely, early onset mesenteric vasodilatation,
and delayed hindquarters vasodilatation, with little or
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no e�ect on renal vascular conductance, closely
resembles the regional vascular pro®le following admin-

istration of CRF (Gardiner et al., 1988). There are,
however, no structural similarities between CRF and U-
II. Intriguingly, it is the other form of urotensin isolated

from the ®sh neurosecretory system (U-I), or the
mammalian equivalent (i.e., urocortin), which shows

structural homology with CRF and binds to CRF
receptors (Conlon, 2000). So, whether or not there is

any involvement of endogenous CRF in the responses to
exogenous U-II is worthy of further investigation.

(4) The tachycardia was not straightforwardly associated

with the fall in blood pressure and was, therefore, likely
to be attributable to an action of U-II in addition to

Figure 1 Changes in heart rate and mean arterial blood pressure in conscious Sprague Dawley rats following administration of
human or rat U-II (n=8 in each group). Values are mean and vertical bars show s.e.mean; *P50.05 for a change from baseline
(Friedman's test).

Figure 2 Changes in Doppler shift (blood ¯ow) in conscious Sprague Dawley rats following administration of human or rat U-II
(n=8 in each group). Values are mean and vertical bars show s.e.mean; *P50.05 for a change from baseline (Friedman's test).
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activation of the baroreceptor re¯ex. The time courses
of e�ect of U-II on heart rate and hindquarters vascular
conductance were similar. In conscious rats, tachycardia

and hindquarters vasodilatation are characteristic of b-
adrenoceptor activation (Gardiner et al., 1991), raising
the possibility that, as in the case of some other peptides

(e.g., Gardiner et al., 1994), some of the e�ects of U-II
are secondary to, for example, adrenomedullary adrena-
line release.

In summary, the present ®ndings show a predominant
vasodilator e�ect of human U-II in conscious rats, in contrast
to the vasoconstrictor action reported in non-human primates

(Ames et al., 1999). In the light of recent ®ndings, showing a
potent vasodilator action of human U-II on human isolated
systemic resistance arteries (Stirrat et al., 2000), it is clearly

important to determine whether vasoconstriction or vasodi-
latation is the predominant vascular action of the peptide in
humans in vivo.
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