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In this study we describe the ability of two human urotensin-II (hU-II) derivatives [Pen®,Orn®lhU-
I1(4—11) and [Pen®,DTrp’,Orn®|hU-I1(4—11) (urantide) to block hU-II-induced contractions in the rat
isolated thoracic aorta. Both compounds competitively antagonized hU-II- induced effects with
pKp=7.440.06 (n=12) and pK=28.3+0.09 (n=12), respectively. In contrast, neither [Pen® Orn®]-
hU-II(4-11) nor urantide (1 uM each) was able to modify noradrenaline- or endothelin 1-induced
contractile effects. At micromolar concentrations, [Pen®,Orn®]hU-II(4—11) produced weak (<25% of
hU-II maximum) agonist responses in the rat aorta, whereas urantide was totally uneffective as
agonist up to 1 uM. In addition, [Pen’,0rn®]hU-11(4—11) and urantide displaced ['**IJurotensin II from
specific binding at hU-II recombinant receptors (UT receptors) transfected into CHO/KI1 cells
(pK;=7.7£0.05, n=4 and pK;=8.3+0.04, n=4, respectively). To our knowledge, urantide is the
most potent UT receptor antagonist so far described, and might represent a useful tool for exploring

the (patho)physiological role of hU-II in the mammalian cardiovascular system.
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Introduction Urotensin I (U-II) is a cyclic dodecapeptide
originally isolated from the teleost fish neurosecretory system
(Pearson et al., 1980), and subsequently identified in other
species, including man (Coulouarn et al., 1998). The interest in
human U-II (hU-II) — an undecapeptide retaining the
cyclohexapeptide sequence of fish U-II — has grown
enormously in the last few years, following the identification
of a specific human receptor (formerly identified as the
GPR14/SENR orphan receptor), termed UT receptor (see
for review Ames et al., 1999; Maguire & Davenport, 2002).
Various studies aiming at investigating the (patho)physiologi-
cal role played by this peptide in mammals have shown that
hU-II produces a very potent vasoconstriction of cynomolgus
monkey arteries and human arteries and veins, and potently
contracts certain blood vessels from other species, as for
example the rat thoracic aorta (Ames et al., 1999; Douglas
et al., 2000; Maguire & Davenport, 2002). hU-II has been
found 1-2 orders of magnitude more potent than endothelin-1
(ET-1) in producing vasoconstriction, so that it is presently
regarded as the most potent mammalian spasmogen identified
(Ames et al., 1999; Douglas et al., 2000). The vasoactive
responses to hU-II undergo large variations, between and
within species, as for the type of vessels sensitive to this peptide
than for the contractile efficacy shown by hU-II (see for review
Douglas, 2003). Regional differences in responsiveness to U-II
of blood vessels have also been reported. This is the case of the
rat aorta: a vessel in which the effect produced by either fish
U-IT (Itoh et al., 1987) or hU-II (Maguire et al., 2000) is
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maximal in the arch and thoracic portion whereas it is
minimal/absent in the abdominal tract. hU-II also produces
in vitro and in vivo vasodilation of certain vascular beds (e.g.
Bottrill e al., 2000) and exerts potent inotropic effects in the
human heart in vitro (e.g. Russell et al., 2001). On the basis of
its spectrum of activities, hU-II has been suggested to
modulate cardiovascular homeostasis and possibly to be
involved in certain cardiovascular pathologies (see for review
Douglas, 2003; Russell ez al., 2003). However, the role of hU-
II awaits to be challenged by development of UT receptor-
deprived transgenic animals and by discovery of potent and
selective UT receptor antagonists. In this regard, the antago-
nist compounds so far developed suffer from one or more of
the following drawbacks: (1) show weak potency at UT
receptors (e.g. SB-710411; Behm et al., 2002; see for further
examples Douglas, 2003), (2) bear residual/full agonist activity
at UT receptors of certain species (e.g. [Orn®]U-II; Camarda
et al., 2002a), (3) possess concomitant antagonist activity at
different receptor types (e.g. BIM-23127; Herold et al., 2003).

Here we describe the pharmacological activities of two
penicillamine-substituted hU-1I peptide fragments: [Pen’,
Orn®lhU-11(4—11) and [Pen®, DTrp’, Orn®lhU-II(4—11). This
latter peptide, named urantide (urotensin II antagonist
peptide), is the most potent UT receptor antagonist compound
so far reported in the rat isolated aorta, and is also endowed
with high affinity at human UT receptors.

Methods  Organ bath experiments Male albino rats (Wistar
strain, 275-350 g) were decapitated under ether anaesthesia.
The thoracic aorta was cleared of surrounding tissue and
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excised from the aortic arch to the diaphragm. From each
vessel, a helically cut strip was prepared, and then it was cut
into two parallel strips. The endothelium was removed by
gently rubbing the vessel intimal surface with a cotton-tip
applicator; the effectiveness of this manoeuvre was assessed by
the loss of relaxation response to acetylcholine (1 uM) in
noradrenaline (1 uM)-precontracted preparations. All prepara-
tions were placed in Sml organ baths filled with oxygenated
normal Krebs—Henseleit solution. Motor activity of the strips
was recorded isotonically (load SmN). A cumulative concen-
tration—response curve to hU-II was constructed on one of the
two strips, which served as control. The other strip received the
antagonist peptide under examination and, after a 30-min
incubation period, hU-II was administered cumulatively.
Maximal contractile responses of preparations were obtained
by administration of KCl (80 mM) at the end of the cumulative
curves to hU-II. Antagonist activity was expressed in terms of
pKs (negative logarithm of the antagonist dissociation
constant) and, assuming a slope of —1.0, was estimated as
the mean of the individual values obtained with the equation:
pKs =log[dose ratio—1]—log[antagonist concentration] (Ke-
nakin, 1997). Competitive antagonism was checked by the
Schild plot method: a plot with linear regression line and slope
not significantly different from unity was considered as proof
of simple reversible competition (Kenakin, 1997). Ethical
approval of the experimental protocol with animals was
obtained from the local Ethics committee.

Binding experiments All experiments were performed on
membranes obtained from stable CHO-K1 cells expressing
the recombinant human UT receptor (Euroscreen ES-440-M,
Bruxelles, Belgium). Assay conditions were: buffer TRIS
(20mM, pH 7.4 at 37°C) added with MgCl, (5mM) and
0.5% BSA. Final assay volume was 0.1 ml, containing 1 ug
membrane proteins. The radioligand used for competition
experiments was ['*IJurotensin II  (specific  activity
2000 Ci—mmol~'; Amersham Biosciences, Buckinghamshire,
U.K.) in the range 0.07—1.4 nM (corresponding to 1/10—1/5 of
its Kp). Nonspecific binding was determined in the presence
of 1 uM of unlabelled hU-II, and ranged between 10—-20% of
total binding. The incubation period (120 min at 37°C) was
terminated by rapid filtration through Whatman GF/B filter
sheets (presoaked in BSA 0.5% for 3h). Filters were then
washed four times with 4ml of ice-cold TRIS buffer (20 mm).
Trapped radioactivity was counted by a Cobra (Canberra-
Packard) y-counter.

Chemicals Noradrenaline was from Sigma (St Louis, MO,
U.S.A.), acetylcholine from Fluka (Buchs, Switzerland), ET-1
from Neosystem (Strasbourg, France) and hU-II from Bachem
(Bubendorf, Switzerland). All other peptides were synthesized
by conventional solid-phase methods, as described previously
(Grieco et al., 2002).

Results  Functional experiments hU-1I (0.1-100nM) pro-
duced slowly developing tonic contractions of the rat isolated
aorta, whose maxima ranged between 23 and 95% (average
67+ 5%, n=28) of those produced by KCI 80 mM. As stated
before (Grieco et al., 2002), the effects of hU-II in the rat aorta
were mimicked by the natural fragment hU-II(4—11) and by
the penicillamine-substituted analogue [Pen’lhU-11(4—11)

(Table 1). In contrast, no agonist effect was observed by
cumulative administration of either [Pen®,Orn®|hU-I1(4—11) or
urantide, in the range 0.1 nM—10 uM. However, the adminis-
tration of single concentrations (0.1, 0.3, 1.0 and 10 uM) of
[Pen’,0Orn®lhU-I1(4—11) produced weak tonic contractile
responses, averaging 11, 17, 22 and 25% (n=4-5 each) of
the maximal effect produced by hU-II in the control matched
preparation. On the other hand, urantide was totally
ineffective as an agonist even when administered as a single
concentration, up to 1 uM. Both urantide and [Pen®,Orn®]hU-
11(4—11) (30 min before for each) produced a concentration-
related competitive inhibition of hU-II-induced contractions
(pKg=38.3 and 7.4, respectively) (Table 1; Figure 1). Schild
plot analysis (slope=-0.81, 95% «cl. —-0.4/—1.2 and
slope =—0.95, 95% c.l. —0.5/—1.4, respectively) confirmed
the competitive antagonism of both [Pen’,Orn®]hU-I1(4—11)
and urantide. Urantide (1 uM) failed to modify noradrenaline-
induced contractile responses (pECsp=7.4+0.04 and
7.3+0.04; n=4, in control and in pretreated preparations,
respectively) or  ET-1-induced contractile  responses
(pEC5,=8.9+0.04 and 9.0+0.02; n=4, in control and in
pretreated  preparations, respectively). [Pen® Orn®lhU-II
(4—11) (1 uMm) was also ineffective against noradrenaline
or ET-1 in the rat aorta (n=4 each; data not shown). In
addition, urantide (1uM) failed to modify acetylcholine-
induced relaxations (pECso=7.04+0.01, E,..=54+10% and
pPECso=7.1+£0.08, E,..=62+10%; n=4, in control and in
pretreated preparations, respectively) in noradrenaline (1 uM)-
precontracted preparations bearing intact endothelium.

Binding experiments In homologous competition experi-
ments, ['**IJurotensin II saturably bound hUT receptors, with
nanomolar affinity (pKp=9.2+0.1; n=4). Likewise, unla-
belled hU-II  displaced with  comparable affinity
(pK;=9.140.06; n=12) ["*IJurotensin II from specific bind-
ing on hUT receptors. Urantide or [Pen®,Orn®|hU-II(4—11)
competitively displaced ['**I]urotensin II from specific binding
on hUT receptors, showing affinities of pK;=8.3 and 7.7,
respectively (Table 1; Figure 1).

Discussion Several compounds of both peptide and nonpep-
tide nature have now been reported to block hU-II-mediated
responses at both rat and human UT receptors (Douglas,
2003). Among the most potent compounds, the hU-II
derivative [Orn®]U-II shows consistent agonist efficacy at
human and rat UT receptors, acting as full or partial agonist,
depending on the bioassay used (Camarda et al., 2002a). SB-
710411, a somatostatin peptide antagonist, acts likewise being
full agonist at human and monkey UT receptors (Behm ez al.,
2002). Nevertheless, both compounds have been shown to
block competitively hU-II-mediated responses in the rat aorta,
with comparable affinities (pK=6.6 and 6.3 for [Orn®]U-II
and SB-710411, respectively). BIM-23127 is a neuromedin B
receptor antagonist that is also able to block intracellular
calcium increase induced by hU-II in host cells transfected
with hUT or rat UT receptors (pA, 7.5-7.7, respectively)
(Herold et al., 2003). However, BIM-23127 shows about
0.5log unit lower affinities in preventing hU-II binding to
human or rat UT receptors. Moreover, in the rat isolated aorta

British Journal of Pharmacology vol 140 (7)



R. Patacchini et a/

Special Report 1157

Table 1 Functional effects in the rat isolated thoracic aorta, and receptor affinity at recombinant human UT receptors
transfected in CHO/K1 cells shown by hU-II derivatives of general formula H-Asp-cyclo[Xaa-Phe-Yaa-Zaa-Tyr-Cys]-Val-

OH

Peptide Xaa Yaa Zaa PECss* PK5° pK¢
hU-I1 Cys Trp Lys 8.340.06 — 9.1+0.06
hU-1I(4—-11)¢ Cys Trp Lys 8.6+0.04 — 9.6+0.07
[Pen’]hU-11(4—11)¢ Pen Trp Lys 9.6+0.07 — 9.7+0.07
[Pen®,0rn®] hU-TI(4—11) Pen Trp Orn NE 7.440.06 7.7+0.05
Urantide Pen DTrp Orn IN 8.3+0.09 8.3+0.04

*pECs, (—log ECs) values are from experiments in the rat thoracic aorta.

"pKy (—log Kg) values are from experiments in the rat thoracic aorta.

°pK; (—log K;) values are from experiments on recombinant human UT receptors.

YData are from Grieco et al. (2002).

NE =not evaluable. IN =inactive up to 10 uM. All data are mean+s.e.m. of 4—12 experiments.
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Figure 1 (a) Blockade by urantide of hU-II-induced contractions
in the rat isolated thoracic aorta. (b) Displacement by hU-II and by
urantide of ['*I]urotensin II specific binding at transfected hUT
receptors expressed on CHO/K1 cell membranes. Each value is
mean +s.e.m. of 3—4 experiments.

bioassay, it acts as a weak (pICso=6.7) and insurmountable
blocker of hU-II-induced contractions (Herold ez al., 2003).
Both [Pen®,0rn®[hU-11(4—11) and urantide are derived from
the hU-II(4—11) fragment, chosen as the minimal active
portion of hU-II. hU-1I(4-11) was conformationally con-
strained by replacement of Cys® by penicillamine (8,8-
dimethylcysteine), in order to stabilize the putative bioactive
conformation. Our search led first to the identification of a UT
receptor agonist showing ultrapotent activity in the rat aorta:
[Pen’lhU-11(4—11) (Grieco et al., 2002; Table 1). The replace-

ment of Lys® by ornithine in the endocyclic portion of
[Pen’ThU-11(4—11) provoked a shift from a very efficacious
agonist to an antagonist endowed with residual low agonist
efficacy: [Pen’,0rn®lhU-I1(4—11). Finally, the inversion of the
configuration of the Trp residue in position 7, that is, the
replacement of Trp’ by DTrp’, was suggested by the presence
of the same modification in both BIM-23127 and SB-710411.
This further modification yielded urantide: [Pen’,DTrp’,
Orn®lh-U-TI(4—11). The present results show that urantide is
actually the most potent UT receptor antagonist at rat UT
receptors, being 50- to 100-fold more potent than any other
compound described thus far in the rat isolated aorta bioassay:
one of the most reliable and responsive bioassays for studying
hU-II-mediated effects (Camarda et al., 2002b). It is worth
noting that urantide selectively blocks hU-II-induced effects in
the rat aorta, being unable to modify the responses produced
by different spasmogenic compounds, such as noradrenaline or
ET-1. Moreover, unlike other exisiting UT receptor antagonist
compounds, urantide behaves as a simple competitive antago-
nist in the rat aorta, being devoid of any agonist efficacy even
after administration of single micromolar concentrations. In
this regard, it is of interest that [Pen® Orn’lhU-II(4-11) is
capable of producing agonist contractile responses of the rat
aorta, but only after administration of single concentrations in
the micromolar range. The observed lack of agonist responses
to [Pen’®,Orn®[hU-I1(4—11) administered cumulatively, as well
as the poor concentration dependency of its contractile effects,
might be due to homologous receptor desensitization, a
phenomenon known to affect UT receptor-mediated responses
in this preparation (Camarda et al., 2002b). The binding
experiments at human UT receptors transfected into CHO/K 1
cells have shown that urantide possesses the same high affinity
for the human-type (pK;=28.3) as for the rat-type (pKg=28.3)
UT receptor. This is actually the highest affinity for the human
UT receptor shown by an antagonist compound. Further
investigation will be necessary, however, to ascertain whether
urantide maintains its antagonist behaviour at human UT
receptors. Another question is whether urantide may interact
with somatostatin receptors. This possibility would be
supported by the high sequence homology existing between
U-II and the UT receptor on the one hand and somatostatin
and members of the somatostatin receptor family on the other
(Liu et al., 1999). As a matter of fact, certain somatostatin
receptor ligands interact also with UT receptors (e.g. Behm
et al., 2002; Rossowski et al., 2002). While further investiga-
tion would be necessary to answer the question, it can be
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argued that it is unlikely that urantide may also act as a
somatostatin receptor ligand, since it does not potentiate ET-
I-induced effects in the rat aorta (present results) as do SB-
710411 and other somatostatin agonist or antagonist analo-
gues — a phenomenon thought to be closely connected to
somatostatin receptor affinity (Behm ez al., 2002).

In conclusion, we have shown that a trisubstituted fragment
of hU-II [Pen’,DTrp’,0rn®lh-U-I1(4—11), or urantide, is a very
potent, selective and competitive antagonist on UT receptors
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