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1 The B, receptor for kinins, stimulated by kinin metabolites without the C-terminal Arg residue
(e.g., des-Arg’-bradykinin (BK) and Lys-des-Arg®-BK), is an increasingly recognized molecular
target for the development of analgesic and anti-inflammatory drugs. Recently developed
antagonists of this receptor were compared to a conventional antagonist, Ac-Lys-[Leu®]-des-Arg’-
BK, in pharmacological assays based on the rabbit B, receptor.

2 B-9858 (Lys-Lys-[Hyp?, Igl®, D-Igl’, Oic®|des-Arg’-BK) and three other analogues possessing the
a-2-indanylglycine® (Igl®) residue (order of potency B-9858 ~ B-10146>B-10148>B-10050) were
partially insurmountable antagonists of des-Arg’-BK in the contractility assay based on rabbit aortic
rings. B-9858-induced depression of the maximal effect was more pronounced in tissues treated with
the protein synthesis inhibitor cycloheximide to block the spontaneous increase of response
attributed to the post-isolation formation of B, receptors, and only partly reversible on washing.
3 By comparison, Ac-Lys-[Leu®]des-Arg®>~-BK was a surmountable antagonist (pA, 7.5), even in
cycloheximide-treated tissues. B-9958 (Lys-[Hyp®, CpG®, D-Tic’, CpG®des-Arg’-BK) was also
surmountable (pA, 8.5).

4 The binding of [*H]-Lys-des-Arg’-BK to recombinant rabbit B, receptors expressed in COS-1
cells was influenced by two of the antagonists: while Ac-Lys-[Leu®]des-Arg’-BK competed for the
radioligand binding without affecting the B,,.., B-9858 decreased the B, in a time-dependent and
washout-resistant manner.

5 B-9858 and analogues possessing Igl® are the first reported non-competitive, non-equilibrium

antagonists of the kinin B; receptor.
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Introduction

Bradykinin (BK) and related peptides (hereafter termed kinins)
are blood-derived peptides that exert pharmacological effects
on various tissues and cells, notably the vasculature, sensory
neurons and renal and intestinal epithelia (Marceau et al.,
1998). Prominent cardiovascular kinin effects support their
role as endogenous vasodilator and hypotensive factors
(Dendorfer et al., 1999). The effects of kinins are mediated
by two types of G protein-coupled receptors, called B, and B,.
These receptors have been identified and defined using a series
of pharmacological, molecular and genetic criteria (reviewed
by Marceau et al., 1998).

Many successful B, receptor antagonists have been
developed, such as the peptide icatibant (Hock et al., 1991)
or the non-peptides FR 173657 (Aramori et al., 1997) and LF
16-0335 (Pruncau et al., 1998). However, fewer B; antagonists
have been reported so far, and they are all des-Arg®-BK-related
peptides or pseudopeptides (Galoppini et al., 1999). The
therapeutic applications of B, receptor ligands may have been
overlooked, as this receptor subtype does not mediate the
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effect of exogenous kinins in most experimental systems and is
selectively stimulated by des-Arg’-fragments of native kinins,
that are produced by one of several metabolic pathways
(kininase I, Décarie et al., 1996). However, the B, receptor
gene expression is highly regulated and completely inducible
under the effect of several cytokines and mitogen activated
protein kinases (Larrivée et al., 1998). Experimental patholo-
gies reveal the anti-inflammatory, analgesic and potential anti-
shock effects of the B, receptor antagonists in animals
(Marceau et al., 1998; Ahluwalia & Peretti, 1999; McLean et
al., 1999).

Lys-[Leu®]des-Arg’-BK is the optimal B, receptor antago-
nist based on natural amino acids for the human and rabbit
forms of this receptor (Gobeil et al., 1997; 1999). Recently,
metabolically stable B; and mixed B, + B, antagonists of high
affinity and stability have been synthesized. B-9858 (Lys-Lys-
[Hyp®, Igl°, D-Igl’, Oic®]des-Arg’-BK) belongs to this series
and has some selectivity for B, receptors (Gera et al., 1996;
Gobeil et al., 1999). This peptide retains the Lys® residue, a
favourable feature for binding to human and rabbit B,
receptors. In binding assays, B-9858 is more potent on the
human B, receptor than on its murine homologue (MacNeil et
al., 1997). Potent antagonism of des-Arg’-BK-induced con-
traction by B-9858 in the rat ileum preparation has also been
reported (pA, 8.1; Galoppini ef al., 1999), but the antagonism
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was unexpectedly not reversible in the rabbit aorta preparation
(Gobeil et al., 1999). In the anaesthetized dog, representing a
haemodynamic system co-expressing B, and B, receptors, B-
9858 is reportedly 20 times more potent than Lys-[Leu®]des-
Arg®-BK in antagonizing des-Arg’-BK-induced hypotension,
and the antagonist effect lasts for more than 4 h (versus about
15 min for Lys-[Leu®]des-Arg?-BK; Stewart et al., 1996). The
haemodynamic response to des-Arg’-BK in LPS-pretreated
rabbits was used to test the in vivo effects of a large series of B,
receptor antagonists (Gobeil et al., 1999). While B-9858 was
surpassed by others for in vitro potency or metabolic
resistance, it was the most potent compound in vivo, thus
supporting the possibility of a distinctive mode of action.

Together these findings suggest that B-9858 may belong to a
family of drugs that includes irreversible antagonists of the
rabbit B, receptor, a previously unknown type of drug
interaction with this receptor. The present experiments have
been undertaken to characterize this behaviour and elucidate
its structural basis.

Methods

Drugs

BK and cycloheximide (CHX) were purchased from Sigma (St.
Louis, MO, U.S.A.) and des-Arg’-BK, from Bachem
Bioscience Inc. (King of Prussia, PA, U.S.A.). B-9858 was a
gift from Laboratoires Fournier S.C.A. (Daix, France). Ac-
Lys-[Leu®]des-Arg’-BK and Sar-[D-Phe®]des-Arg’-BK are
respectively a competitive antagonist and a metabolically
stable agonist of the B, receptors (Drapeau et al., 1993). The
other kinin receptor antagonists B-9958, B-10050, B-10146 and
B-10148 were synthesized using general methods described
elsewhere (Gera et al., 1996). The structures of the six used B,
receptor antagonists used in this study are given in Table 1.

Contractility studies

Rabbit aortic rings (New Zealand white, 1.5-2 kg, Charles
River, St. Constant, Canada) were suspended under a tension
of 2 gin 5 ml tissue baths containing oxygenated (95% O,: 5%
CO,) and warmed (37°C) Krebs solution as described (Larrivée
et al., 1998). Some experiments were also performed on rabbit
jugular veins, cut into 2 cm strips and suspended under a
tension of 1 g in 5 ml tissue baths containing oxygenated and
warmed Krebs solution to which 1 uM captopril was added
(Marceau et al., 1994).

Contractility studies in the aortic preparation were based
upon the construction of cumulative concentration-responses
curves for des-Arg’-BK (a B, receptor agonist on this tissue).
These studies aimed to investigate the potency and surmount-
ability of the B, receptor antagonists in the vascular smooth

muscle preparation. In each tissue, two cumulative concentra-
tion-response curves were constructed at times 3.5 and 5.5 h
from the beginning of the incubation of the preparation. One
of the six antagonists listed in Table 1, or the saline vehicle in
control tissues, was introduced at time 5 h and maintained in
the bathing fluid during the construction of the second curve
(effect of the antagonist at 5.5 h). Contractility results were
expressed as a per cent of the maximal response recorded in
each tissue when constructing the control curve (3.5 h); this
calculation accounts for the fact that the maximal response to
this kinin increases as a function of the post-isolation
incubation time in this preparation (a behaviour specific for
agonists of B, receptors and attributed to the post-isolation
formation of these receptors; Bouthillier et al., 1987; Audet et
al., 1994; Larrivée et al., 1998). Additional contractility
experiments were designed to monitor the effect of the
inhibition of protein synthesis on the depression of the
maximal agonist effect induced by B-9858. Tissues were
exposed to CHX (71 uM) from the time 4.5 h on, with or
without an antagonist (from the time 5 h on).

The contractility experiments in the rabbit jugular vein,
which responds to kinins via preformed B, receptors, were
performed to investigate the potency and surmountability of
recently produced antagonists against BK (as in Marceau et
al., 1994).

Cloning and expression of the rabbit B; receptor gene

Rabbit genomic DNA was isolated from rabbit liver, as
described previously (Bachvarov, et al., 1995). Five hundred
micrograms of the rabbit genomic DNA were consecutively
used as a template for the PCR amplification of the entire
coding region (intronless) of the rabbit B, receptor, as 5'-
ATAAAAGCTTATGGCCTCACAGGGCCCCCTG-3" and
5'-ATA AGGATCCT TAAT TCCGCCAGAA ACCCCAGA-
GC-3" were utilized as PCR sense and anti-sense primers,
respectively. These primers were based on the published
sequence of the rabbit B; receptor gene (MacNeil et al.,
1995), and contain additional HindIIl and BamHI sites
(underlined) for the directional cloning of the rabbit B,
receptor coding region in the eukaryotic expression vector
pcDNA3 (Invitrogen, Carlsbad, CA, U.S.A.), under the
control of the strong cytomegalovirus promoter.

Binding assay to the recombinant rabbit B; receptor

A binding assay to rabbit B; receptors was conducted as
described (Levesque et al., 1995a), except for the identity of
the ligand which was [*H]-Lys-des-Arg’-BK ([*H]-des-Arg!’-
kallidin, NEN Biosciences, 105 Ci mmol~"). Briefly, COS-1
cells were seeded at a high density in 24-well plates (culture
medium DMEM supplemented with 10% foetal bovine
serum and antibiotics, Gibco). After 24 h, the cells (70—80%

Structure of the tested B; receptor antagonists and affinity estimates for their interaction with the rabbit B, receptors

Table 1
Antagonist®
-1 0 1 2

Ac-Lys-[Leu®]des-Arg’-BK Ac-Lys Arg Pro
B-9858 Lys Lys Arg Pro
B-9958 Lys Lys Arg Pro
B-10050 Lys Lys Arg Pro
B-10146 Lys Lys Arg Pro
B-10148 Lys Lys Arg Pro

“Position numbers refer to the reference sequence of BK.

Structure PpA> (jugular vein)
3 4 5 6 7

Pro Gly Phe Ser Pro Leu not tested
Hyp Gly Igl Ser D-Igl Oic 7.0+0.3
Hyp Gly CpG Ser D-Tic CpG <6

Hyp Gly Igl Ser D-Tic ChG 6.340.1

Hyp Gly Igl Ser D-FSF ChG 7.1+0.1
Hyp Gly Igl Ser D-F5F Oic 7.44+0.3
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confluent) were transiently transfected with the expression
vector described above using the Ex-Gen 500 transfection
reagent (MBI Fermentas Inc., Flamborough, Canada) as
directed by the manufacturer. Some untransfected cells were
used in control experiments. After an additional 48 h culture
period, cell wells were washed twice with the binding
medium (consisting of Medium 199 supplemented with
0.1% bovine serum albumin, 1 uM amastatin, 1 uM
captopril, 1 uM phosphoramidon (Sigma) and sodium azide
0.02% w v~') and filled with 0.5 ml of prewarmed (37°C)
binding medium. The B, receptor ligand (0.125—4 nM) and
cold competing peptides (1 uM of the agonist Lys-des-Arg’-
BK for the determination of non-specific binding or
nanomolar concentrations of B, receptor antagonists studied
to characterize the effect of these drugs on the receptor
population) were added to the wells. Separate protocols
dealt with the effect of cell preincubation with the B,
receptor antagonists (30 min) in the culture medium before
initiating the binding assay. In one experiment, the binding
assay followed immediately the preincubation, and the same
antagonist concentrations were maintained during the assay.
In another experiment, the preincubation with antagonist
was followed by a 1 h washout period at 37°C (wells rinsed
twice with the binding buffer) before initiating the binding
assay in the absence of competing antagonist. After 60 min
of incubation at 37°C, each well was washed three times
with 2 ml of ice-cold PBS, pH 7.4. One ml of 0.1 N NaOH
was finally added to dissolve the cells. Radioactivity in the
resulting suspension was determined by scintillation counting
(5 min per vial).

Statistics

Results are expressed as means +s.e.mean and Mann— Whitney
statistics were calculated using the InStat 2.0 computer
program (GraphPad Software, San Diego, CA, U.S.A.). The
parameters of the Schild and Scatchard plots (pA, determina-
tion and binding data treatment, respectively) were obtained
using a computer program (Tallarida & Murray, 1987).

Results

Vascular contractility mediated by B, receptors in the
rabbit isolated aorta

Rabbit aortic rings were stimulated with the B; receptor
agonist des-Arg’-BK at 3.5 and 5.5 h. The paired control
curves representing the peptide effect in the same preparations
at 3.5 h and 5.5 h in the absence of antagonists showed that
the potency (ECsy) of the peptide remained relatively stable,
while the maximal effect (E,..,) increased by about 35% during
this period (Figure 1; P< 104 Mann—Whitney test).

When applied before the construction of the 5.5h
concentration-effect curve, Ac-Lys-[Leu®]des-Arg’-BK shifted
the curve to the right, without depressing E.., (Figure 2A).
In fact, some apparent increase in des-Arg’-BK E,.. was
recorded in tissues exposed to the highest concentration of
the antagonist (1 uM). The estimated pA, value was
7.540.03, and the slope of the Schild regression close to
unity (0.97; calculation of Schild plot parameters based on
the ECs, values calculated from the average curves in Figure
2A). The drug B-9858 modified the concentration-effect curve
to the B, receptor agonist (at 5.5 h) as it simultaneously
shifted it to the right and decreased the expected E,..
observed in the absence of antagonist in control rings
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Figure 1 Chang,e in the concentration-effect curve of the B; receptor
agonist des-Arg -BK as a function of the incubation time in rabbit
aortic rings. Responses are expressed as per cent of the maximal
effect of the peptide in a control recording established at time 3.5 h in
each tissue. Values are the means, and vertical bars the s.e.mean of
36 determinations.

sampled from the same animals (Figure 2B). These changes
of the curve were consistently observed at drug concentra-
tions of 54 pM and above. The remaining drugs behaved
either as surmountable (B-9958, Figure 2C; pA, estimate
8.5+0.05; regression slope 0.93) or at least partially
insurmountable antagonists (B-10050, B-10146, B-10148;
Figure 2D —F) considering their action on the agonist E, ..
The insurmountable effect of four of the antagonists is not
favourable for calculation of an affinity estimate, unless
equilibrium is reached during the time frame of the
experiment (Kenakin, 1993). The order of potency for the
partially insurmountable antagonists was: B-9858 =~ B-
10146 >B-10148 > B-10150.

Protein synthesis blockade was applied after the recording
of the first concentration-effect curve in some tissues in order
to determine whether the stabilization of des-Arg’-BK E,..
with CHX (Deblois et al., 1989) could modify antagonist
surmountability. The curve obtained at 5.5 h in the presence of
CHX alone was similar to the control curve constructed at
3.5 h, as the maximal response at 5.5 h amounted to 95.7% of
that recorded at 3.5h in the same tissues (Figure 3). The
depression of the maximal response induced by B-9858 (54 nMm)
was more profound in CHX-treated tissues (11.5%, relative to
the response recorded without the antagonist, Figure 3, versus
52% in tissues not treated with CHX, Figure 2B). Treatment
with Ac-Lys-[Leu®]des-Arg’-BK (1 um) shifted the agonist
concentration-effect curve to the right, somewhat more in the
presence (Figure 3) than in the absence (Figure 2A) of CHX,
but the surmountability of the drug was preserved in the
presence of CHX.

A special protocol was designed to evaluate the reversibility
of the depressing effect of B-9858 on des-Arg’-BK E,,.x (Figure
4). The agonist peptide was applied at the single, nearly
maximal concentration of 11.1 um at 3.5, 5.5 and 8.5 h. B-9858
(54 nM) was present only in the time window 5—6 h and the
tissues were abundantly washed thereafter. The protein
synthesis inhibitor CHX was present in some tissues from the
time point 4.5 h and on. As reported above, B-9858 depressed
the effect of a large concentration of des-Arg’-BK, and
significantly more in tissues exposed to CHX (Figure 4,
P=0.04, Mann—Whitney test). An extensive recovery of the
agonist effect in the following period was observed in the
absence of CHX, but not in its presence (74.3+13.2% of the
control contraction in the absence of CHX, 40.2+4.0% in the
presence of CHX, P=0.04).

British Journal of Pharmacology, vol 131 (5)
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Figure 2 Effect of six B, receptor antagonists or their saline vehicle on des-Arg’-BK-induced contraction in the rabbit isolated
aorta at time 5.5 h. Responses are expressed as a per cent of the maximal effect of des-Arg’-BK in a control recording established at

time 3.5 h in each tissue.

Effect of B-9858 and analogues on the B, receptors of
the rabbit jugular vein

The recently developed B, receptor antagonists were
investigated for receptor subtype specificity by testing
them as antagonists of the B, receptor-mediated -effect
of BK on the jugular vein. The five compounds
exhibited apparently surmountable antagonist actions
with variable potencies; pA, estimates based on Schild
plot construction (Marceau et al., 1994) are reported in
Table 1.

Radioligand binding to B, receptors

Untransfected COS-1 cells bound very little [*H]-Lys-des-
Arg®-BK in a specific manner (Figure 5A). In initial studies,
the specific binding of [*H]-Lys-des-Arg?-BK to recombinant
rabbit B, receptors transiently expressed by COS-1 cells was
found to be saturable (Figure 5A). The calculated Scatchard
regression parameters were a K, of 0.37 nM and a B, of
8948 fmol well™' for this particular transfection. When
antagonists were introduced simultaneously with the ligand in
the binding reaction, the parameters were modified (Figure

British Journal of Pharmacology, vol 131 (5)
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5A): Ac-Lys-[Leu®]des-Arg®-BK or B-9858 did not modify the
Buax (85+14 or 88+9 fmol well™!, respectively), but
decreased the apparent affinity (apparent K, increased to
0.69 or 0.72 nM, respectively), as expected for competitive
antagonists (Scatchard plots not shown). A separate
experiment involved a 30 min preincubation of the cells with
the B, receptor antagonists in complete culture medium
before performing the binding assay (Figure 5B, correspond-
ing Scatchard plots 5C). Aside from a lower ligand B, in
these particular cells, the results of the saturation curves
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Figure 3 Effect of protein synthesis inhibition applied to rabbit
aortic rings after the construction of the initial concentration-effect
curve of des-Arg’-BK, but before the subsequent curve recorded in
the presence or absence of the antagonists B-9858 or Ac-Lys-
[Leu®]des-Arg’-BK. Responses are expressed as in Figures 1 and 2.
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Figure 4 Contractile effect of des-Arg’-BK (11.1 uM) on rabbit
aortic rings, as modified by incubation time (control response
recorded at 3.5 h), the presence of the antagonist B-9858 (54 nMm in
the time window 5-6h in all tissues) and by the presence of
cycloheximide (CHX, 71 uM, from the time point 4.5 h on in some
tissues only). Values are expressed as per cent of the control
contraction and are the means+s.e.mean of nine determinations. See
text for statistics.
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Figure 5 Binding of [*H]-Lys-des-Arg’-BK to recombinant rabbit B, receptors expressed in COS-1 cells as influenced by antagonist
drugs (A). Saturation curves obtained without antagonist (Control) or in the presence of Ac-Lys-[Leu®]des-Arg’-BK (10 nm) or of
B-9858 (0.54 nM). Antagonist drugs were introduced at the same time as the radioligand. In panel A, the ligand binding to
untransfected cells is also shown (B). Saturation curves obtained in a different transfection with the same drugs; the cells were
incubated with the antagonists in the culture medium for 30 min before initiating the binding assay. (C) Scatchard plots derived
from the saturation data from panel B. (D) Effect of preincubation with antagonists followed by drug washout on the radioligand

binding. See text for details and data analysis.
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A 1 h drug washout period was applied after the 30 min
preincubation period with antagonists in a separate experiment
to test for antagonist binding reversibility (Figure 5D). In these
experiments, the antagonists were not present in the binding
buffer when the radioligand was introduced. Results from
wells pretreated with B-9858 suggest a low reversibility of the
antagonism exerted by this compound, as the observed B,,.x
(106412 fmol well™') is lower than the control value
(144+15 fmol well~"). Apparent K, values in these experi-
ments were similar (0.44 and 0.56 nM, respectively). Ac-Lys-
[Leu®]des-Arg’-BK binding seems to be completely reversible
under the conditions applied, as the calculated Scatchard plot
parameters (B, =140+ 15 fmol well~!; K,,=0.55 nM,) coin-
cide with those of the control curve.

Discussion

B-9858 is a member of a recently described, structurally
constrained family of peptide antagonists for the kinin
receptors (Gera et al., 1996: Stewart et al., 1996). These
antagonists exhibited resistance to peptidases, high potency
and a relative pharmacological ‘promiscuity’, as several of
them were active on both B, and B, receptors. Using rabbit
vascular smooth muscle preparations, we showed that B-
9858 is a surmountable antagonist of moderate potency of
the B, receptor (pA, 7.0), while it is a very potent and
insurmountable B, receptor antagonist (Figure 2B). By
comparison, the antagonist of classical design Ac-Lys-
[Leu®]des-Arg’-BK did not depress the estimated 5.5 h E,.
of the agonist des-Arg’-BK (Figure 2A). The tested series
of B-9858 analogues (Table 1, Figure 2) allows formulation
of several hypothesis on the effect of structure on affinity
for B; receptors: the D-pentafluorophenylalanine (F5F)
residue in position 7 confers a particularly high affinity,
when two compounds that differ only at this position are
compared (B-10146 and B-10050); however D-2-indanylgly-
cine’ (D-Igl’), also confers a high potency, as seen by
comparing B-9858 with B-10148. Diverse residues with a
cyclic side-chain can be located in position 8 without
important affinity changes (e.g., compare B-10146 to B-
10148). Finally, the compounds suspected of insurmoun-
table antagonism possess the Igl® residue. This residue is
absent in Ac-Lys-[Leu®]des-Arg’-BK and B-9958, and both
of these compounds are surmountable. Our pA, estimate
for the latter drug is close to the one previously reported
on the rabbit isolated aorta using another experimental
approach (8.4, Gobeil et al, 1997). That cumulative
concentration-effect curves reach a higher E,, in the
presence of increasing concentrations of the two surmoun-
table antagonists is of obscure significance, but has also
been observed in other systems (e.g., see Pruneau et al.,
1998; 1999).

A practical problem when studying the B, receptors based
on the rabbit isolated aorta is to separate drug effect from the
effect of time on the system. The progressive increase of B,
receptor agonist E,., in the rabbit aorta has been found to be
sizeable during the time period 3.5—5.5 h (Figure 1). Thus, it
was hypothesized that some of the residual effects of des-
Arg’-BK in the presence of a representative insurmountable
antagonist, B-9858, may be partially dependent on the
renewal of receptors at the cell surface. The use of protein
synthesis inhibitors such as CHX supports the concept of
tissue injury-induced de novo formation of B, receptors
(Bouthillier et al., 1987; Audet et al., 1994). Notably, when
CHX is applied from the beginning of the in vitro incubation,

rabbit aortic tissues remain unresponsive to des-Arg’-BK, but
respond to the agonists of other receptor types in a stable
manner. Another documented use of CHX on this
preparation served to stabilize the response to des-Arg’-BK
when it had reached a certain level (Deblois et al., 1989),
suggesting that a definite receptor population can be
stabilized and repeatedly stimulated in the system. Applica-
tion of CHX after the construction of the 3.5 h concentra-
tion-effect curve effectively stabilized the subsequent response
to des-Arg’-BK (Figure 3). This procedure further depressed
the residual effect of the agonist in the presence of B-9858
(Figure 3), establishing more clearly the insurmountable
nature of the antagonism exerted by this drug. Ac-Lys-
[Leu®]des-Arg’-BK did not reduce des-Arg’-BK E,., in CHX-
treated tissues (Figure 3), suggesting that this compound
behaves as a competitive antagonist on the stabilized B,
receptor population. However, Ac-Lys-[Leu®]des-Arg’-BK
was about half as potent in CHX-treated tissues, suggesting
another form of distortion by the unstable behaviour of the
preparation.

Non-competitive antagonism can be further classified into
equilibrium or non-equilibrium types (Kenakin, 1993), the
latter category being defined as a time-dependent removal of
receptors from the equilibrium by the action of an irreversible
or slowly reversible antagonist. A 3 h washout period allowed
a certain recovery of the des-Arg?-BK E,... in B-9858-treated
tissues (Figure 4), but the effect of adding CHX to some
preparations suggests that the recovery may be due in part to
the formation of new B, receptors, and that the reversibility of
B-9858 antagonism from the preformed receptor is actually
low. The lack of equilibrium invalidates the use of pA, or pKp
scales to measure the potency of antagonist (Kenakin, 1993).

We conducted our radioligand binding assay at 37°C in the
presence of sodium azide; these conditions allow reaching an
effective equilibrium without ligand internalization in this
system (Levesque er al., 1995a). The observed control Kj
values were in the same range than those obtained using rabbit
smooth muscle cells and the same tritiated ligand (Schneck et
al., 1994; Galizzi et al., 1994). Preincubation of living cells with
antagonists was employed in some experiments; this was a
valid approach, notably because N-acetylation in Ac-Lys-
[Leu®]des-Arg®-BK confers a complete resistance to degrada-
tion in serum, relative to the more potent but fragile sequence
Lys-[Leu®]des-Arg®-BK (Drapeau et al., 1993). While Ac-Lys-
[Leu®|des-Arg®-BK retained its surmountable effect and
reached equilibrium in the binding essay, B-9858 exerted a
complex effect, consisting of a shift to the right of the
saturation curve and, only in cells pretreated with the drug, of
a time-dependent loss of binding sites (Figure 5). A variation
of the assay also evidenced the low reversibility of B-9858
binding (Figure 5D). Binding assays based on rabbit aortic
smooth muscle cells, cultured and characterized as previously
described (Levesque et al., 1993; 1995b), also revealed that B-
9858, but not Ac-Lys-[Leu®]des-Arg’-BK, reduced [*H]-Lys-
des-Arg®-BK B,.. (data not shown). Thus, B-9858 is a
prototype of a non-competitive, non-equilibrium antagonist
for the kinin B; receptor. This type of interaction was
heretofore unknown for this receptor type, but several
examples involving other related receptor types are known
(e.g. the peptide icatibant at the rabbit BK B, receptor;
Marceau et al., 1994; Bachvarov et al., 1995; Houle et al., 2000;
the clinically used non-peptide angiotensin antagonists at the
human AT, receptor, Vanderheyden et al., 1999).

Non-equilibrium antagonism at the rabbit B, receptor
exhibits several interesting features that should orient
future molecular investigations: the drugs are charged
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peptides of relatively high molecular weight, making
unlikely the interference with non-receptor intracellular
sites; unlike the B, receptor, the B, receptor is not believed
to undergo important agonist-induced phosphorylation and
internalization (Austin et al., 1997, Faussner et al., 1998).
Finally, the irreversible or slowly reversible binding of B-
9858 can be exploited to demonstrate receptor up-
regulation by inactivating a pre-existing receptor popula-
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