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1 The aim of the study was to measure regional haemodynamic responses to 6 h infusions of human
urotensin II (hUII), to identify possible mediators of the effects observed, and to relate the findings to
the distribution of urotensin II receptors (UT receptors).

2 Male, Sprague–Dawley rats had pulsed Doppler flow probes and intravascular catheters implanted
for measurement of regional haemodynamics in the conscious, freely moving state. Infusions of saline
(0.4ml h�1) or hUII (30, 300 and 3000 pmol kg�1 h�1) were given i.v. for 6 h, and the effects of
pretreatment with indomethacin (5mgkg�1 h�1), NG-nitro-L-arginine methyl ester (L-NAME,
3mgkg�1 h�1) or propranolol (1mgkg�1; 0.5mgkg�1 h�1) on responses to hUII (300 pmol kg�1 h�1

for 6 h) were assessed. Cellular localisation of UT receptor-like immunoreactivity was determined
in relevant tissues.

3 hUII caused dose-dependent tachycardia and hindquarters vasodilatation, accompanied by a
slowly developing rise in blood pressure. Haemodynamic effects of hUII were attenuated by
propranolol or L-NAME and abolished by indomethacin. UT receptor-like immunoreactivity was
detected in skeletal and vascular smooth muscle.

4 The findings indicate that in conscious rats, infusions of hUII cause vasodilatation, which, of the
vascular beds monitored, is selective for the hindquarters and dependent on cyclooxygenase products
and nitric oxide. The pressor effect of hUII under these conditions is likely to be due to an increase in
cardiac output, possibly due to a positive inotropic effect. UT receptor-like immunoreactivity present
in skeletal muscle is consistent with the haemodynamic pattern.
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Introduction

Human urotensin II (hUII) has been identified as an

endogenous ligand for the G protein-coupled receptor 14,

and shown to have marked cardiovascular actions in vitro

and in vivo, although the literature on the peptide to date is

distinguished by the marked variability in the effects observed

(for reviews see Maguire & Davenport, 2002; Douglas, 2003).

The widespread distribution of UII mRNA and urotensin II

receptor (UT receptor) mRNA has been taken to indicate a

possible endocrine role for the peptide in cardiovascular

regulation (Thanassoulis et al., 2004), although others (Clozel

et al., 2004) have suggested that it may act in a more autocrine/

paracrine manner. Raised plasma levels of hUII have now

been measured in a variety of pathological conditions (see

Douglas, 2003), but whether or not chronic elevation of

circulating levels of the peptide has a cardiovascular impact

is unknown. With one very recent exception (Kompa et al.,

2004), all published studies involving systemic administration

of hUII in experimental animals have used bolus injections of

hUII (Ames et al., 1999; Gardiner et al., 2001; Abdelrahman

& Pang, 2002; Hassan et al., 2003; Watson et al., 2003; Zhu

et al., 2004), and the experiments in man involved only short-

term (20min) infusions (Affolter et al., 2002).

Therefore, the aim of the present study was to define the

regional haemodynamic effects of longer-term (6 h) intra-

venous infusions of a range of doses of hUII in conscious

rats. Since those studies showed marked, dose-dependent

hindquarters vasodilator responses to the peptide (see Results),

we also assessed the effects of pretreatment with indomethacin

or NG-nitro-L-arginine methyl ester (L-NAME) on responses

to hUII infusion, because we (Gardiner et al., 2004) have

recently shown that the hindquarters vasodilator response

to bolus injection of hUII is blocked by indomethacin and

L-NAME. Since others have shown sympathoadrenal acti-

vation following central administration of hUII (Watson

et al., 2003), we also assessed the possible involvement of

b-adrenoceptor activation in the effects of hUII infusion.

Furthermore, to determine if the regional heterogeneity in the

haemodynamic response to hUII was a reflection of the

distribution of UT receptors, we determined their localisation

in cardiovascular tissues and skeletal muscle, using immuno-

cytochemistry.
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Methods

Animals and surgical preparation

Male, Sprague–Dawley rats (400–450 g) were obtained from

Charles River U.K., and were housed in the Biomedical

Services Unit at Nottingham for at least 10 days after delivery

before any surgical interventions took place. The procedures

were approved by the University of Nottingham Ethical

Review Committee, were performed under Home Office

Project Licence authority, and conformed to the National

Institutes of Health Guidelines for the Care and Use of

Laboratory Animals. Surgery was performed in two stages

under general anaesthesia (fentanyl and medetomidine,

300 mg kg�1 of each i.p.). Anaesthetic reversal and the

provision of analgesia was achieved using atipamezole and

nalbuphine, respectively (1mg kg�1 of each s.c.). In the first

stage, miniaturised pulsed Doppler flow probes were sutured

around the left renal and superior mesenteric arteries, and

around the distal abdominal aorta (to monitor hindquarters

flow). At least 10 days later, under anaesthesia (as above),

catheters were implanted in the distal abdominal aorta (via the

ventral caudal artery), for monitoring mean arterial blood

pressure (BP) and heart rate (HR), and in the right jugular vein

for the administration of substances. Three separate catheters

were placed in the jugular vein for independent administration

of substances. The fitness of the animals between surgical

stages was certified by the Named Veterinary Surgeon.

Cardiovascular recordings began on the day following

catheterisation, when the animals were fully conscious and

freely moving, with access to food and water ad libitum.

Cardiovascular recordings

Continuous recordings of cardiovascular variables (HR,

arterial blood pressure, renal, mesenteric and hindquarters

Doppler shifts (flow)) were made using a customized,

computer-based system (Haemodynamics Data Acquisition

System (HDAS), University of Limburg, Maastricht, The

Netherlands) connected to a transducer amplifier (Gould

model 13-4615-50) and a Doppler flowmeter (Crystal Biotech

VF-1 mainframe (pulse repetition frequency 125 kHz) fitted

with high velocity (HVPD-20) modules). Raw data were

sampled by HDAS every 2ms, averaged every cardiac cycle,

and stored to disc at 5 s intervals. Data were analysed offline

using software (Datview, University of Limburg, Maastricht,

The Netherlands), which interfaced with HDAS.

Experimental protocols

Experiment 1: effects of 6 h infusions of different doses of
hUII Rats were randomised to receive a 6 h i.v. infusion of

saline (0.4ml h�1, n¼ 8) or hUII (0.4ml h�1) at a dose of 30

(n¼ 9), 300 (n¼ 9) or 3000 (n¼ 8) pmol kg�1 h�1.

Experiment 2: effects of indomethacin on responses to
hUII infusion On the first experimental day, rats (n¼ 8)

were given indomethacin vehicle (10mM Na2CO3) as a

continuous infusion (0.4ml h�1) starting 90min before the

onset of a 6 h infusion of hUII (300 pmol kg�1 h�1; 0.4ml h�1).

This dose of hUII was chosen on the basis of the results of

Experiment 1 which showed it to be effective, but submaximal.

After a 24 h wash-out period, on the third experimental day,

the same animals were given a continuous infusion of

indomethacin (5mg kg�1 h�1) starting 90min before infusion

of hUII (300 pmol kg�1 h�1). The dose of indomethacin has

been shown to be effective elsewhere (Gardiner et al., 1990b;

2004).

As time controls, rats (n¼ 4) were given 6 h infusions of

saline (0.4ml h�1) in the presence of vehicle (Day 1) and in the

presence of indomethacin (Day 3).

Experiment 3: effects of L-NAME on responses to hUII
infusion On the first experimental day, rats (n¼ 8) were

given the vehicle for L-NAME (saline) as a continuous

infusion (0.4ml h�1) starting 90min before the onset of a 6 h

infusion of hUII (300 pmol kg�1 h�1, 0.4ml h�1). After a 24 h

wash-out period, on the third experimental day, the same

animals were given a continuous infusion of L-NAME

(3mgkg�1 h�1) starting 90min before infusion of hUII

(300 pmol kg�1 h�1). The dose of L-NAME has been shown

to inhibit vasodilator responses to acetylcholine in vivo in

Sprague–Dawley rats (Wakefield et al., 2003).

As time controls, rats (n¼ 6) were given 6 h infusions of

saline in the presence of vehicle (Day 1) and in the presence of

L-NAME (Day 3).

Experiment 4: effects of propranolol on responses to
hUII infusion Separate groups of rats were given a 6 h

infusion of hUII (300 pmol kg�1 h�1, 0.4ml h�1) starting 30min

after the onset of treatment with propranolol (1mg kg�1

bolus, 0.5mgkg�1 h�1 infusion; n¼ 6) or saline (0.1ml bolus,

0.4ml h�1 infusion; n¼ 4). The dose of propranolol has been

shown to effectively antagonise responses to isoprenaline

(Woolard et al., 2004).

Cardiovascular data analysis

We have previously applied tests of normality to data of this

sort (Kolmogorov–Smirnov and Shapiro–Wilk; SPSS version

11.0 for Windows) and the only cardiovascular variable which

usually shows a Gaussian distribution is BP. Therefore, we

have used nonparametric statistics, since this is a more

cautious approach when the majority of the data are not

normally distributed. However, the graphical presentation is

given in a form (mean values with s.e.m.), which is the most

commonly used and, therefore, most easily understood by the

readership. Within-group analyses were carried out using a

nonparametric equivalent of ANOVA (Friedman’s test) with

correction for multiple comparisons (Theodorsson-Norheim,

1987), or Wilcoxon’s test, as appropriate. Between-group

(unpaired) analyses were performed using the Mann–Whitney

U-test (two groups) or Kruskal–Wallis test (more than two

groups). Significance was accepted if Po0.05. The primary

analysis was performed on the integrated areas under/over the

curves (0–360min) relative to the appropriate time control,

that is, in the absence of hUII. If a significant difference was

found, differences from baseline were tested to determine the

time course of changes.

Immunocytochemistry

Male Sprague–Dawley rats (350–400 g, n¼ 4) were rendered

unconscious with CO2, and killed by exsanguination. Based on
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the cardiovascular responses obtained in Experiment 1,

relevant organs, that is, hindquarters skeletal muscle (gastro-

cnemius), heart, kidney and mesentery were removed, frozen,

and cryostat sections (30 mm) were cut onto poly-L-lysine-

coated microscope slides. These were air-dried and fixed by

immersion in ice-cold acetone for 10min. Tissue sections were

incubated for 2 h, at 231C, in 5% swine serum in phosphate-

buffered saline (PBS), followed by incubation at 41C with

rabbit-anti-UT receptor primary antiserum raised against a

sequence in the 3rd cytoplasmic domain of the human UT

receptor (Lifespan Biosciences Inc., Suffolk, U.K.), at 1 : 100

(for 72 h) and 1 : 50 (for 48 h) dilutions in PBS containing 3%

swine serum and 0.1% Tween-20. Adjacent sections were

incubated without primary antiserum as negative controls.

Tissue sections were washed, and specific staining revealed

using the peroxidase antiperoxidase method, with diamino-

benzidine as the chromogenic substrate (Kuc, 2002). Following

alcoholic dehydration, slides were cleared in xylene, mounted

using a coverslip and permanent-mounting medium and

examined using a standard bright field microscope. Images

were captured using a U-TV1-X digital camera (Olympus U.K.

Ltd, London, U.K.).

Drugs and reagents

Fentanyl citrate was from Janssen-Cilag (High Wycombe,

U.K.); medetomidine hydrochloride (Domitor) and atipame-

zole hydrochloride (Antisedan) were from Pfizer (Sandwich,

Kent, U.K.); nalbuphine hydrochloride (Nubain) was from

Bristol Myers Squibb (Hounslow, U.K.). Human UII was

purchased from Peptide Institute Inc. (Scientific Marketing

Associates, Barnet, U.K.). NG-nitro-L-NAME was purchased

from Sigma (Dorset, U.K.). Indomethacin was purchased

from Merck Biosciences Ltd (Nottingham, U.K.). Propranolol

((RS)-1-[(1-methylethyl)amino]-3-(1-naphthalenyloxy)-2-propa-

nol) hydrochloride was purchased from Tocris (Avonmouth,

U.K.). All drugs and peptides were dissolved in sterile saline

with the exception of indomethacin, which was dissolved in

10mM Na2CO3. Bolus injections were in a volume of 0.1ml and

infusions were at a rate of 0.4ml h�1. Rabbit-anti-human UT

receptor primary antiserum was from Lifespan Biosciences

Inc. (Suffolk, U.K.) and was reconstituted in PBS. Other

reagents for immunocytochemistry were from DakoCytoma-

tion (Ely, U.K.), Sigma-Aldrich Ltd (Dorset, U.K.) or VWR

International Ltd (Poole, U.K.).

Results

Cardiovascular studies

Experiment 1: effects of 6 h infusions of different doses of
hUII Resting cardiovascular variables in the four groups of

rats prior to the onset of infusions of saline or hUII are shown

in Table 1. There were no significant differences (Kruskal–

Wallis test).

In rats infused with the lowest dose of hUII

(30 pmol kg�1 h�1), the integrated (0–360min) changes in all

cardiovascular variables were not different from those in the

group infused with saline, whereas in rats infused with hUII

at 300 and 3000 pmol kg�1 h�1, the integrated (0–360min)

changes in HR, BP, renal Doppler shift and hindquarters

Doppler shift and vascular conductance were significantly

(Po0.05, Kruskal–Wallis test) different from the saline

control. Within-group analyses (Friedman’s test) showed that

with the 300 pmol kg�1 h�1 dose, the haemodynamic changes

were slow to develop but not sustained, whereas with the

3000 pmol kg�1 h�1 dose, the tachycardia and increase in

hindquarters vascular conductance were sustained and the

pressor effect was biphasic (Figure 1).

The integrated (0–360min) tachycardia (24,11472480

beats) and increases in hindquarters Doppler shift (24,0757
3515% min) and vascular conductance (20,20372805% min)

in response to hUII at 3000 pmol kg�1 h�1 were significantly

(Po0.05 Kruskal–Wallis test) greater than the corresponding

changes following hUII at 300 pmol kg�1 h�1 (11,58672221

beats, 960872603% min and 684372310% min, respectively).

Although the time course of BP change differed (see above),

there was no difference between the integrated pressor

responses to hUII at 300 and 3000 pmol kg�1 h�1 (28737307

and 28187489mmHg min, respectively).

Experiment 2: effects of indomethacin on responses to
hUII infusion Resting cardiovascular variables prior to

administration of hUII in the presence of vehicle or indo-

methacin are shown in Table 2. There were no significant

differences (Wilcoxon’s test). In animals receiving indometha-

cin or its vehicle in the presence of a 6 h saline infusion, there

were no consistent cardiovascular changes (data not shown).

In the presence of vehicle, infusion of hUII

(300 pmol kg�1 h�1) caused effects as described above, that is,

integrated (0–360min) rises in HR, BP, renal Doppler shift

Table 1 Resting cardiovascular variables (Experiment 1)

Saline (n¼ 8) hUII 30 (n¼ 9) hUII 300 (n¼ 9) hUII 3000 (n¼ 8)

Heart rate (beatsmin�1) 349713 33378 33977 33878
Mean BP (mmHg) 10571 10777 10572 11072
Renal DS (kHz) 10.570.7 8.870.4 9.270.7 8.870.9
Mesenteric DS (kHz) 10.870.8 10.370.7 10.570.8 11.070.8
Hindquarters DS (kHz) 4.570.4 3.370.4 4.070.6 3.470.4
Renal VC (units) 9976 8576 8777 8178
Mesenteric VC (units) 10378 9979 10078 10077
Hindquarters VC (units) 4374 3274 3875 3174

DS¼Doppler shift; VC¼ vascular conductance.
Units for VC are (kHzmmHg�1) 103.
Values are mean7s.e.m.
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Figure 1 Haemodynamic responses to i.v. infusions of saline (dotted line, n¼ 8) or human UII at 30 (filled circles, n¼ 9), 300 (open
circles, n¼ 9) and 3000 (filled squares, n¼ 8) pmol kg�1 h�1 for 6 h in conscious rats. Values are mean and vertical bars represent
s.e.m. For clarity, data points have been omitted from the saline group, and error bars omitted from the saline and 30 pmol kg�1 h�1

groups. *Po0.05 vs baseline (Friedman’s test).
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and hindquarters Doppler shift and vascular conductance

which were significantly (Po0.05, Mann–Whitney test)

different from the time control (i.e. indomethacin vehicle in

the absence of hUII). As before, the effects on HR and BP

were not sustained, but in this group of animals, the

hindquarters vasodilatation was still significant at the end of

the 6 h period of infusion. Indomethacin had no significant

effect on resting cardiovascular variables (Table 2), but

inhibited all the cardiovascular effects of hUII infusion

(Figure 2).

Experiment 3: effects of L-NAME on responses to hUII
infusion Resting cardiovascular variables prior to adminis-

tration of hUII in the presence of saline or L-NAME are

shown in Table 2. Administration of L-NAME caused

bradycardia, a rise in BP and vasoconstriction in all three

vascular beds (Table 2).

In the presence of saline, hUII (300 pmol kg�1 h�1) caused

tachycardia, a rise in BP, an increase in renal Doppler shift and

hyperaemic hindquarters vasodilatation, all of which differed

from the saline-infused control group (Mann–Whitney test)

and were generally sustained in this group of rats (Figure 3). In

the presence of L-NAME, the integrated (0–360min) tachy-

cardic (11,00272508 beats) and pressor responses (44137
1106mmHg min) to hUII were smaller (Po0.05) than in the

presence of saline (18,86973676 beats, 56757931mmHg) and

the hindquarters vasodilatation was abolished (Figure 3).

In animals receiving a 6 h infusion of saline in the presence

of L-NAME, cardiovascular variables at the start and end of

the saline infusion were (HR 27479 and 29876 beatsmin�1,

BP 12274 and 12573mmHg, renal vascular conductance

3675 and 4375, mesenteric vascular conductance 3072 and

3174, hindquarters vascular conductance 2372 and 1872

(kHzmmHg�1)103, respectively). Only the small further reduc-

tion in hindquarters vascular conductance was significant.

Experiment 4: effects of propranolol on responses to hUII
infusion Resting cardiovascular variables prior to adminis-

tration of hUII in the presence of saline or propranolol are

shown in Table 2. Propranolol had no significant effect on

resting cardiovascular variables (Table 2). The effects of hUII

infusion in the animals infused with saline in this experiment

were similar to those described above. In the presence

of propranolol vs saline, the integrated (0–360min) increases

in HR (937472174 vs 18,81075585 beats) BP (26567979

vs 49867706mmHg min) and hindquarters Doppler shift

(589071656 vs 16,18172615%min) and vascular conduc-

tance (470471884 vs 11,62772349%min) were significantly

(Po0.05, Mann–Whitney test) reduced (Figure 4).

Immunocytochemistry

In rat tissues, UT receptor-like immunoreactivity was localised

to skeletal muscle fibres (Figure 5a). Positive immunoreactivity

was also present on vascular smooth muscle, for example of

artery and vein associated with skeletal muscle (Figure 5a).

Discussion

The present experiments provide the first description of the

regional haemodynamic effects of continuous, 6 h infusions of

hUII in conscious, chronically instrumented rats. The results

show that, during continuous infusion of the peptide, there

was dose-related tachycardia and an increase blood flow

velocity (Doppler shift) which was slow to develop and, of

the vascular beds monitored, was confined to the hindquarters.

In addition, there was a modest pressor effect which also

developed slowly (after 90–120min infusion) in the rats

receiving the middle dose of hUII, and even more slowly

(after about 180min) in the rats receiving the high dose

infusion. Changes in blood flow velocity are a good index of

changes in blood flow, providing that the vessel diameter

underneath the flow probe does not change, as is the case

under the conditions of chronic implantation in our experi-

mental paradigm. Using the change in Doppler shift as an

index of blood flow, there was shown to be a calculated,

selective, increase in hindquarters vascular conductance, that

is, vasodilatation. Since others have reported hUII-induced

thoracic aortic constriction in vitro in rats (Douglas et al.,

2000), an hypothetical possibility is that constriction of the

thoracic aorta occurred in our experiments, and this produced

an increase in blood flow velocity immediately downstream of

the site of constriction. However, we believe it is most unlikely

that thoracic aortic constriction could explain the selective

increase in hindquarters Doppler shift seen with hUII infusion

since (i) such an effect would not be localised to one vascular

bed and (ii) it would be difficult to explain the inhibitory

effects of propranolol, L-NAME and indomethacin (see

below).

Table 2 Cardiovascular variables prior to hUII infusion in Experiments 2, 3 and 4

Expt 2
(n¼ 8)
Vehicle

Expt 2
(n¼ 8)

Indomethacin

Expt 3
(n¼ 8)
Saline

Expt 3
(n¼ 8)
L-NAME

Expt 4
(n¼ 6)
Saline

Expt 4
(n¼ 6)

Propranolol

Heart rate (beatsmin�1) 32775 30877 32276 28577a 32879 33378
Mean BP (mmHg) 10672 10272 10472 12573a 10575 10974
Renal DS (kHz) 8.470.7 8.170.8 7.271.2 6.771.0 8.871.1 10.070.8
Mesenteric DS (kHz) 6.670.5 6.170.6 6.770.7 5.170.7a 6.270.6 7.070.6
Hindquarters DS (kHz) 4.070.3 3.670.4 4.770.5 3.170.3a 4.470.6 4.470.4
Renal VC (units) 7977 8078 69711 5378a 84710 9179
Mesenteric VC (units) 6174 6077 6577 4176a 5977 6476
Hindquarters VC (units) 3873 3774 4676 2573a 4274 4074

All values are mean7s.e.m. for measurements 90min after the onset of treatment, immediately prior to administration of hUII.
DS¼Doppler shift; VC¼ vascular conductance. Units for VC are (kHz mmHg�1)103.
Rats were given vehicle on Day 1 and indomethacin (Experiment 2), L-NAME (Experiment 3) or propranolol (Experiment 4) on Day 3.
aPp0.05 vs Day 1 (Wilcoxon’s test).
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Figure 2 Haemodynamic responses to i.v. infusion of human UII (300 pmol kg�1 h�1) in the presence of indomethacin
(5mgkg�1 h�1, open circles) or its vehicle (10 nM Na2CO3 at 0.4ml h

�1, filled circles) in conscious rats (n¼ 8). Values are mean
and vertical bars represent s.e.m. *Po0.05 vs baseline (Friedman’s test).
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Figure 3 Haemodynamic responses to i.v. infusion of human UII (300 pmol kg�1 h�1) in the presence of L-NAME (3mgkg�1 h�1,
open circles) or its vehicle (saline at 0.4ml h�1, filled circles) in conscious rats (n¼ 8). Values are mean and vertical bars represent
s.e.m. *Po0.05 vs baseline (Friedman’s test).
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Figure 4 Haemodynamic responses to i.v. infusion of human UII (300 pmol kg�1 h�1) in the presence of propranolol (1mg kg�1,
0.5mg kg�1 h�1, open circles; n¼ 6) or its vehicle (saline, 0.1ml, 0.4ml h�1, filled circles; n¼ 4) in conscious rats. Values are mean and
vertical bars represent s.e.m. *Po0.05 vs baseline (Friedman’s test).
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The relationship between the hindquarters vascular con-

ductance changes and the effects of hUII on BP is consistent

with the rise in BP being due to an increase in cardiac output,

and the hindquarters vasodilatation opposing this effect. Thus,

it is feasible that, with the middle dose infusion of hUII, the

smaller rise in hindquarters vascular conductance allowed a

cardiac output-dependent pressor effect to occur sooner than

with the higher dose because the latter caused a much greater

increase in hindquarters vascular conductance, and, therefore,

a rise in BP was apparent only as the hindquarters vasodilata-

tion waned. Although we did not measure cardiac output

directly, it was notable that the pressor effect was more

apparent in systolic than in diastolic blood pressure (S.M.

Gardiner, J.E. March, P.A. Kemp & T. Bennett, unpublished

observations). A similar observation was made in earlier

experiments with hUII given as a bolus dose (Gardiner et al.,

2004), and is consistent with a positive inotropic effect of the

peptide reported by others in vitro (Russell et al., 2001).

Watson et al. (2003) showed that central administration of

hUII in conscious sheep caused activation of sympathoadrenal

and pituitary–adrenal pathways. They observed marked

adrenaline release, and suggested this accounted for the

significant increase in cardiac output, resulting in the rise in

BP, because there was concurrent dilatation in renal,

mesenteric, and iliac vascular beds, which they suggested were

in part due to baroreflex-mediated withdrawal of vasocon-

strictor tone, with a possible contribution from adrenaline to

the iliac vasodilatation. Whether or not peripherally adminis-

tered hUII activates the central nervous system in rats is not

known, but clearly, the time taken for the effect of the infusion

of hUII to become apparent is not inconsistent with this being

secondary to some other peripheral event and/or an action

within the central nervous system. Furthermore, the ability of

propranolol to attenuate the cardiovascular responses is

consistent with an involvement of sympathoadrenal activation

in the effects we observed.

Indomethacin largely abolished the significant effects of

hUII infusion, consistent with these involving cyclooxygenase-

dependent processes. However, L-NAME also markedly

attenuated the cardiovascular effects of hUII infusion,

suggesting an involvement of NO-mediated effects. This

situation is analogous to our previous study (Gardiner et al.,

2004) where we showed effects of either indomethacin or

L-NAME on the delayed phase of the cardiovascular response

to a bolus injection of hUII, and is consistent with interactions

between prostanoid production and NO release. Since central

sympathoadrenal activity can be modulated by arachidonic

acid metabolites (Yokotani et al., 2001), the finding that

propranolol also attenuated that cardiovascular responses to

hUII infusion is not inconsistent with the possibility that the

initiating process involves stimulation of cyclooxygenase, with

activation of NO and sympathoadrenal systems occurring

secondarily.

Some vasodilator mechanisms in skeletal muscle are thought

to involve the local release of substances from skeletal muscle

fibres and endothelial cells, in addition to those released from

red blood cells (Stamler & Meissner, 2001; Clifford & Hellsten,

2004). The presence of UT receptor-like immunoreactivity in

the skeletal muscle, consistent with the recent report of

functional UT receptors in human skeletal muscle myoblasts

(Qi et al., 2005), suggests that the marked hindquarters

vasodilator response to infused hUII may be due, at least in

part, to activation of UT receptors on skeletal muscle fibres.

The absence of a mesenteric hyperaemic vasodilator

response to infusion of hUII, in the present experiments, is

notable in the context of the ability of this peptide to cause

rapid-onset and substantial increases in mesenteric flow and

vascular conductance when it is administered as a bolus (see

Gardiner et al., 2001; 2004). Such a phenomenon is, to some

extent, reminiscent of the effects of endothelin on the

hindquarters vasculature, inasmuch as a rapid bolus injection

of endothelin causes vasodilatation, whereas infusion produces

vasoconstriction (Gardiner et al., 1990a). However, in the case

of endothelin, the initial hindquarters vasodilator response to

bolus injection is followed by a developing vasoconstriction,

whereas bolus injection of hUII does not cause any delayed

mesenteric vasoconstriction (Gardiner et al., 2001; 2004).

Furthermore, it was notable that when the vasodilator effects

of hUII infusion were pharmacologically inhibited, there was

no vasoconstriction unmasked in any vascular bed. Indeed, in

a small group of animals (n¼ 4) we assessed the effects of the

highest dose of hUII infusion (3000 pmol kg�1 h�1) for 6 h in

the presence of indomethacin, and still there was no sign

of vasoconstriction (S.M. Gardiner, J.E. March, P.A. Kemp,

T. Bennett unpublished data). Thus, while it is tempting to

speculate that some of the apparent discrepancies in the

literature regarding vasoconstrictor vs vasodilator effects of

hUII may be due to differences in the functional state of the

Figure 5 Light photomicrographs showing localisation of UT
receptor-like immunoreactivity to (a) a transverse section through
rat skeletal muscle (skm) and to the smooth muscle (sm) layer of an
associated artery (a) and vein (v). (b) Negative control in which the
UT receptor antiserum was omitted in an adjacent section of skeletal
muscle. Scale bar¼ 200 mm.
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endothelium, it seems clear that, in normal rats, systemic

administration of hUII does not cause vasoconstriction in the

vascular beds we monitored, despite the demonstrated

presence of UT receptor-like immunoreactivity localised to

the smooth muscle of skeletal muscle blood vessels.

In conclusion, these in vivo experiments which failed to

uncover any peripheral vasoconstrictor action of hUII, are

consistent with the literature on in vitro effects of hUII in rats

which, for the most part, have only shown constriction in the

thoracic aorta, with endothelium-dependent vasodilatation in

some small resistance arteries (Bottrill et al., 2000; Douglas

et al., 2000).

This work was funded by the British Heart Foundation.
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