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Abstract

Two novel compounds, N-phenylacetyl-N’'-(4-methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid triamide (compound T)
and N-phenylacetyl-N'-(4-methylbenzyl)-N"-1-(4-chlorobenzhydryl)piperazine iminodiacetic acid triamide (compound II), designed and
synthesized as novel non-peptide bradykinin B, receptor antagonists, were studied for their functional activities in isolated guinea-pig ileum
smooth muscle. These compounds were compared with the conventional peptide bradykinin B, receptor antagonist, icatibant (H-DArg-Arg-Pro-
Hyp-Gly-Thi-Ser-pTic-Oic-Arg—OH) for their in vitro functional activities. Compounds I and II showed highly potent, time-dependent
insurmountable antagonism against contractile responses to bradykinin (pKp 8.80 and 8.57, respectively) with progressive reduction of maximum
effect maintaining the concentration producing half maximal-response unchanged. Otherwise, icatibant, known as a non-competitive antagonist,
showed a rightward displacement of cumulative concentration—response curves to bradykinin with decrease of its maximum effect (pKp 8.73).
The ICs, values of compounds I and II were 3.56x 10~ ® and 6.30 10~ ® M, respectively, while that of icatibant was 5.02 x 10~ ® M. The profile of
action of compounds I and II varied when contact time was prolonged from 5 to 60 min, whereas that of icatibant did not. The inhibitory effects of
the newly synthesized compounds and icatibant on the contractile response to bradykinin were differently reverted by washout (icatibant <100
min, compounds I and II >100 min). This class of compounds containing the chlorobenzhydryl piperazine moiety is expected to be a novel non-
peptide bradykinin B, receptor antagonists.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Bradykinin = (H—Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg—
OH), an endogenous nonapeptide generated by limited
proteolysis of kininogen in tissues and body fluids, elicits
numerous responses including vasodilation, edema, smooth
muscle contraction, inflammation, trauma, burns, shock, and
allergy (Regoli and Barabé, 1980; Bhoola et al., 1992; Hall,
1992, for review). The biological effects of bradykinin are
mediated by two different types of G protein-coupled receptors,
namely B; and B,, which have been cloned from various
species including humans (Eggerickx et al., 1992; Hess et al.,
1992; Menke et al., 1994). Before their molecular identification,
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the existence of B; and B, receptors was postulated based on
pharmacological studies (Regoli and Barabé, 1980). The B,
receptors are constitutively expressed on most cell types,
whereas the B; receptors are not present in tissues under
‘normal’ conditions but are induced during inflammatory insults
(Marceau, 1995, for review; Regoli et al., 1998).

The representative “second generation” peptide antagonist,
icatibant (H-DArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTic-Oic-Arg—
OH) (Fig. 1), has shown highly potent and long-acting
bradykinin antagonism both in vitro and in vivo (Hock et al.,
1991; Wirth et al., 1991), but its therapeutic use is limited
because of its poor oral bioavailability. The first non-peptide
antagonist  WIN 64338  ([[4-[[2-[[bis(cyclohexylamino)
methylene]amino]-3-(2-naphthyl)-1-oxopropyl]amino]phenyl]
methyl]tributylphosphonium chloride monohydrochloride)
provides competitive (Sawutz et al., 1994) or non-competitive
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Fig. 1. Chemical structures of compounds I, II, and icatibant.

(Pruneau et al., 1995) antagonism towards bradykinin in several
species, however, WIN 64338 shows low specificity and
a species-dependent variable affinity for bradykinin B,
receptors (Wirth et al., 1995; Regoli et al., 1996, for review).
To enhance receptor specificity and affinity to bradykinin B,
receptors, a number of potent and selective non-peptide
antagonists for bradykinin B, receptors have been identified in
recent years, such as FR 173657 ((E)-3-(6-acetamido-3-
pyridyl)-N-[N-[2,4-dichloro-3-[(2-methyl-8-quinolinyl)oxy-
methyl]phenyl]-N-methylaminocarbonylmethyl]acrylamide),
LF 16-0687 (1-[[2,4-dichloro-3-[[(2,4-dimethylquinolin-8-yl)

oxy]methyl]phenyl]sulfonyl]-N-[3-[[4-(aminoiminomethyl)-
phenyl]carbonylamino]propyl]-2(S)-pyrrolidinecarboxamide),
and bradyzide ((25)-1-[4-(4-benzhydrylthiosemicarbazido)-3-
nitrobenzenesulfonyl]-pyrrolidine-2-carboxylic acid  [2-[(2-
dimethylaminoethyl)methylamino]ethyl]amide) (Altamura et
al., 1999, for review; Bock and Longmore, 2000).

The quinoline derivatives synthesized by Fujisawa showed
antagonist activity at the bradykinin B, receptors. In particular,
FR 173657 was a potent, orally available bradykinin B,
receptor antagonist whose biological activity has been
extensively studied (Aramori et al., 1997; Asano et al., 1997,
1999; Inamura et al., 1997; Griesbacher et al., 1997; Abe et al.,
1998a,b; Gobeil et al., 1999; Kayakiri et al., 1999; Meini et al.,
2000a, 2004). In isolated guinea-pig ileum, both icatibant and
FR 173657 exerted non-competitive antagonism (pKz 9.5 and
9.2, respectively) to contractile response to bradykinin (Meini et
al., 2000Db).

On the other hand, Fournier compound LF 16-0687, which is
structurally related to the Fujisawa compounds, behaves as
a competitive antagonist of bradykinin-mediated contractions
with pA4, values of 9.1 in human umbilical vein, 7.7 in the rat
uterus, and 9.1 in the guinea-pig ileum (Pruneau et al., 1999).
Moreover, the structurally distinct bradykinin B, receptor
antagonist bradyzide is orally bioavailable and selective for B,
over B, receptors (Burgess et al., 2000).
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Fig. 2. Changes of isometric tension in grams (g) induced by bradykinin (BK) in guinea-pig isolated ileum. Contractile effect of increasing concentrations (1 nM—10
puM) of bradykinin tested in the absence (on the left) and presence (on the middle) of antagonists at 1 uM: (A) vehicle; (B) icatibant; (C) compound I or (D) compound
II preincubated for 60 min. At the end of each curve, the maximal contractile response of the preparation was evaluated by administering KCI (80 mM) and washing
out (w) with a fresh Tyrode solution. The reversibility of bradykinin B, receptor blockade (on the right) produced by (A) vehicle, (B) icatibant, (C) compound I or (D)

compound IT 60 min after washout of the antagonist.
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In our search for new bradykinin B, receptor antagonists, we
previously reported the bradykinin antagonistic effects of
piperazine compounds derived from the anti-histamine drug,
cetirizine (Choo et al., 1999). Furthermore, we have designed
and synthesized new compounds with piperazine containing
three amide bonds and a lipophilic ring system in each molecule
(Kam et al., 2004).

Here, we describe the pharmacological characterizations of
two novel compounds, compounds I [N-phenylacetyl-N"-(4-
methoxybenzyl)-N"-1-(4-chlorobenzhydryl)piperazine imino-
diacetic acid triamide] and II [N-phenylacetyl-N’-(4-methyl-
benzyl)-N"-1-(4-chlorobenzhydryl)piperazine  iminodiacetic
acid triamide] (Fig. 1), which were obtained by solution-
phase combinatorial synthesis for non-peptide bradykinin B,
receptor antagonists. Since the guinea-pig ileum assay has been
the object of several studies on bradykinin B, receptor
pharmacology (Hall, 1992, for review), we compared the
functional antibradykinin activities of compounds I and II with
that of icatibant in the guinea-pig ileum smooth muscle.

2. Materials and methods
2.1. Chemicals and preparation of drugs

Bradykinin, captopril, indomethacin, dithiothreitol, atropine
and icatibant were obtained from Sigma (St. Louis, MO, USA).
Dibenamine was obtained from TCI (Tokyo, Japan). The
synthetic routes from iminodiacetic anhydride as template to the
fifty new compounds, including compounds I and II, are
reported by Kam et al. (2004). Bradykinin and icatibant were
dissolved and diluted in Tyrode solution and dithiothreitol was
dissolved in dimethyl sulfoxide (DMSQO) and diluted in Tyrode
solution. Captopril, indomethacin, atropine, dibenamine, and
compounds I and II were dissolved and diluted in DMSO. The
composition of the Tyrode solution was as follows (in mM):
NaCl 136.9, KCI 2.7, CaCl, 1.8, MgCl, 1.15, NaH,PO,4 0.4,
NaHCO; 11.9, and glucose 5.6. The final DMSO concentration
in the bath was less than 0.01% and it had no discernible effect
on the tissue responsiveness to bradykinin.

2.2. Preparation and functional recording of guinea-pig ileal
smooth muscle

Male Hartley guinea-pigs weighing 260—-500 g (Jeil, Korea)
were fasted overnight and then decapitated. A section of ileum
approximately 40 cm in length was removed at a level 2 cm
above the ileocecal junction and placed in warm (37 °C) Tyrode
solution. Strips of intestinal muscle with mucosa, 1.5-2 cm in
length, were then mounted in a 50 ml bath containing Tyrode
solution (37 °C) and aerated with 95% 0,/5% CO,. Tissue
contractions were recorded isometrically on a Grass model 76E
polygraph.

After an equilibration period of about 60 min, a stable
baseline tone was reached and two or three contractions were
obtained in response to bradykinin (0.1 puM), at 20-min
intervals, to assay the sensitivity and reproducibility of the
contractile response. Only segments producing reproducible

responses were used. Afterwards, a cumulative concentration—
response curve to bradykinin (1 nM—10 uM) was constructed
and repeated two or three times. At the end of each curve, the
maximal contractile response of the preparation was evaluated
by administration of KCI (80 mM). After washout and recovery
of basal tone, each test compound (3 nM—1 pM) was pre-
incubated for 60 min (when not stated otherwise) and the
concentration—response curve to bradykinin was repeated in the
presence of the test compound under study. To minimize
degradation of bradykinin and to prevent responses due to
neuronal activation or prostaglandin production, Tyrode so-
lutions contained 1 pM each of captopril, atropine, dithiothreitol
and indomethacin. Moreover, 1 puM of dibenamine, the
irreversible histamine H; blocker, was also added in Tyrode
solutions to prevent histaminergic responses.

The reversibility of B, receptor blockade produced by the
antagonists under study was evaluated after construction of the
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Fig. 3. Concentration—response curves to bradykinin in the guinea-pig ileum
smooth muscle in the absence (control) and presence of various concentrations
(3 nM—1 pM) of antagonists: (A) icatibant, (B) compound I and (C) compound
II. Contact time of antagonists was 60 min. Values represent means+S.E.M. of
5-8 experiments.
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cumulative concentration—response curves to bradykinin (1
nM-10 puM) in the presence of antagonists (1 uM) or vehicle.
The preparations were thoroughly washed with Tyrode solution,
which was renewed every 20 min. Cumulative concentration—
response curves to bradykinin were repeated at 20, 60, 100, 120,
160, and 200 min after washout of the antagonist, and the
responses were compared to those obtained in control time-
matched preparations. Bradykinin at 0.3 pM was used to
describe its reversibility.

2.3. Data analysis

Contractions elicited by bradykinin were expressed as
percentages of the maximum response obtained when the
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tissue was tested with cumulative increasing doses of
bradykinin. The agonist concentration producing 50% of its
maximal response was calculated as negative logarithm to
base 10 and defined as pD,. The 95% confidence limits (c.l.)
were calculated by non-linear regression analysis of the
concentration—response curve.

When antagonists caused non-parallel shifts of the
concentration—response curves to bradykinin and decreased the
maximal response (Ep.x), the estimate of the affinity (Kjz) was
calculated by a method for non-competitive and/or pseudo-
irreversible antagonists as described by Kenakin (1997b). In
practice, a double-reciprocal plot of equieffective concen-
trations of agonist (4) in the absence (1/A4) and in the presence
(1/A4") of the antagonist (B) was constructed and Kz was derived
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Fig. 4. Concentration—response curves to bradykinin in the guinea-pig ileum smooth muscle in the absence (control) and presence of antagonists, after 5 and 60 min
contact time: (A) icatibant, 3 nM; (B) icatibant, 30 nM; (C) compound I, 3 nM; (D) compound I, 30 nM; (E) compound II, 3 nM and (F) compound II, 30 nM. Values

represent means=S.E.M. of 4-8 experiments.
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from the equation: Kz=[B]/slope—1. In order to obtain more
accurate estimates of Kz, we selected the experiments in which
Eax to the agonist was depressed to less than 50% of control by
the antagonist.

Inhibitory activity, expressed as ICso, was calculated from
the concentration-dependent inhibitory effect curves of
antagonists.

Pair-wise comparisons were done by the one-tailed
Student's ¢ test. Probability values of <0.05 were considered
to be statistically significant. All results are expressed as
means=S.E.M. and the sample size, n, represents the number
of individual strips of ileum assayed. The experiments were
designed such that the sample size would also represent the
same number of animals. For example, two to four strips from
one guinea-pig were used for two to four different tests for an
n=1 sample size and those from another guinea-pig were used
for the same two to four tests to increase the sample size for
a given test to n=2, and so on.

3. Results

Control experiments were performed to optimize the
experimental conditions for contractions of the guinea-pig
ileum to bradykinin. In isolated guinea-pig ileum, bradykinin
(1 nM-10 pM) induced a concentration-dependent contraction
with a pD, value of 7.9 (95% c.l. 7.7-8.1; n=83).

Bradykinin-induced contractile response was examined in
the presence of antihistamine (dibenamine) and anticholinergic
(atropine) drugs in the bath solution in order to block
histaminergic- or cholinergic-mediated responses. Both di-
benamine and atropine at 1 uM did not produce any influence
on the bradykinin-induced contractile response (not shown).

Tracings showing cumulative concentration—response
curves obtained with bradykinin in the absence and in the
presence of compounds L, II, or icatibant are presented in Fig. 2.
The reversibility at 60 min after washout of the antagonist is
also shown. Compounds I, II, or icatibant did not reduce the
maximal response to KCI (80 mM) and therefore they did not
affect smooth muscle contractility. No partial agonist activity
was observed for any compound at the concentrations used. All
three antagonists decreased the £, of bradykinin to a similar
extent at the concentrations tested. However, the reversibility
after washout of the novel compounds and icatibant showed
different profiles.

To define more precisely the type of antagonism,
concentration—response curves to bradykinin were obtained in
the absence and presence of increasing concentrations of
compounds I, II, or icatibant (Fig. 3). The E,., of bradykinin
was reduced dose-dependently by icatibant and novel test
compounds, indicating an insurmountable mode of antagonism.

Although compounds I, II, and icatibant all induced
a progressive reduction in E,,y, their cumulative concentration—
response curves were differently characterized according to the
concentration producing half maximal-response (ECsg) in the
presence of increasing concentrations of antagonists. While
a rightward shift of dose—response curves of bradykinin was
clearly observed in the presence of icatibant, the novel

compounds I and II produced no rightward shift of dose—
response curves of bradykinin and the ECsy of bradykinin
remained unchanged. In the presence of the novel compounds,
the cumulative concentration—response curve to bradykinin
reached a plateau at lower concentrations of bradykinin than that
in the presence of icatibant.

In order to evaluate a possible time dependency of the
interaction with bradykinin B, receptor, the effect of the three
antagonists was examined after 5 and 60 min contact time (Fig.
4). Compounds I, II, and icatibant were tested at two
concentrations: 3 and 30 nM. The effect for each antagonist at
3 nM was superimposable after 5 and 60 min contact time (Fig.
4A, C and E). Icatibant at 30 nM produced a rightward shift of
the concentration—response curve to bradykinin and its effect
was also superimposable after 5 and 60 min contact time (Fig.
4B). On the other hand, compounds I and IT at 30 nM depressed
the . of bradykinin more after 60 min contact time than
5 min (Fig. 4D and F).

The calculated apparent antagonistic affinity measured in
functional experiments (pKz) and in vitro ICsq values of the
novel non-peptide compounds I and IT were compared to those
of the peptide bradykinin B, receptor antagonist, icatibant
(Table 1). In the present study, icatibant antagonized the
bradykinin-induced contraction of guinea-pig smooth muscle
with a pKp of 8.73 and an ICsq of 5.02 % 10~ ® M, which are
similar to those found previously (Hock et al., 1991; Pruneau et
al., 1995; Meini et al., 2000b). The apparent pKz values were
8.80+1.36 for compound I and 8.57+0.84 for compound II.
The ICsy values were 3.56 % 1078 M for compound I and
6.30x 10" ® M for compound II.

The reversibility of bradykinin B, receptor blockade
produced by the antagonists was evaluated as the capacity of the
ileum smooth muscle to recover to contraction produced by
a cumulative dose of bradykinin (1 nM—10 uM) after a 60 min
contact time with the antagonists. As shown in Fig. 5, all three
antagonists at 1 M produced comparable degrees of inhibition
of the response to bradykinin (0.3 uM), which were 94 +£2% for
compound I, 88+1% for compound II, and 98+1% for
icatibant. The inhibition exerted by icatibant was slowly
reversed by washout and a full recovery of the response to the
agonist occurred within 100 min from removal of the
antagonist. In contrast, compounds I and II produced
a persistent antagonism at bradykinin B, receptors, which was

Table 1
Antagonistic affinity and in vitro ICs, of compounds I, II, and icatibant in the
guinea-pig ileum

pKp In vitro 1Cs¢ (M)
Compound T 8.80+1.36 3.56x10°8
Compound I1 8.57+0.84 6.30x10°°
Icatibant 8.73+0.60 5.02x107%

Antagonistic activity is expressed as apparent pKp calculated from the equation
Kp=[B]/slope—1, where a double-reciprocal plot of equieffective concen-
trations of bradykinin (4) in the absence (1/4) and in the presence (1/A4’) of the
antagonist (B) is constructed. Inhibitory activity, expressed as ICso, was
calculated from the concentration-dependent inhibitory effect curves of
antagonists. pK values represent means+S.E.M. of 3—4 experiments.
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Fig. 5. The reversibility of bradykinin B, receptor blockade produced by
icatibant and compounds I and II in the guinea-pig ileum smooth muscle
preparation. The contractile response to bradykinin (0.3 uM) is shown in the
presence (first contraction at time 0 min) or in the absence (all other
contractions) of icatibant, compound I or IT at 1 uM, after 20, 60, 100, 120, 160
and 200 min from washout of the antagonists. Antagonist contact time was 60
min. Values represent means+S.E.M. of five experiments. **P<0.01,
*#*%P<0.001 vs. matched vehicle responses.

not fully reversed up to 200 min from removal of the
antagonist from the bath solution.

4. Discussion

This study investigates the activity of two new bradykinin
receptor antagonists in a standard in vitro test for bradykinin B,
receptor ligands. The compounds belong to a new class of B,
receptor antagonists and this is the first time their
pharmacological activity has been characterized.

Regarding the previously reported piperazine compounds
with antibradykinin effects (Choo et al., 1999), we have
designed and synthesized new compounds containing pipe-
razine, three amide bonds, and a lipophilic ring system in each
molecule by solution-phase combinatorial synthesis. About fifty
non-peptide bradykinin receptor antagonists have been
synthesized by using iminodiacetic anhydride as a template and
their antibradykinin activities were screened at 0.1 uM (Kam et
al., 2004). In the present study, two novel non-peptide
compounds, I and II (Fig. 1), were selected among fifty
compounds to characterize their pharmacological profiles for the
bradykinin B, receptor in the guinea-pig ileum smooth muscle.

Effects of compounds I and II were compared with those of
the currently most widely used peptide B, receptor antagonist,
icatibant (Fig. 1). Icatibant has consistently shown a high
affinity for the human bradykinin B, receptor sites as well as for
the rabbit and guinea-pig sites (Regoli and Barabé, 1980).
Icatibant is known to act as a competitive antagonist for the
human bradykinin B, receptors (Marceau et al., 1994; Félétou et
al., 1995; Gobeil et al., 1996) but is non-competitive for other
bradykinin B, receptor systems (e.g., rabbit and guinea-pig). In
these latter preparations, icatibant is considered to be a non-
equilibrium antagonist which interacts with the same receptor
sites as bradykinin but dissociates slowly and prevents full
occupation of receptors by the agonist (Regoli et al., 1993).

The pharmacological profiles of both novel non-peptide
compounds (I and II) and peptide icatibant were clearly

insurmountable. The insurmountable interaction of those
compounds at guinea-pig ileum bradykinin B, receptors was
demonstrated by producing non-parallel shifts in the bradykinin
contractility concentration—response curves with a progressive
reduction in maximum response (Fig. 3). Unlike surmountable
antagonism, in which excess concentrations of agonist allow
maximal response to the agonist even in the presence of
antagonist, insurmountable antagonism produces depression of
maximal response to the agonist, whether or not it is
accompanied by a shift of the dose—response curve to the right
(Kenakin, 1997a).

Despite the similarity in their insurmountable antagonism,
a striking difference in the antagonistic profile of compounds
I and II was observed when compared to that of icatibant. The
rightward shift of the dose—contractile response curves of
bradykinin in guinea-pig ileum was produced in the presence of
icatibant with increase of ECs, of bradykinin, which concurs
with observations made during the previous studies (Gries-
bacher and Lembeck, 1992; Meini et al., 2000b) (Fig. 3A). If the
antagonist decreases the potency of the agonist for the receptor,
a more pronounced shift to the right of the dose—response
curves is observed with depression of maximal response
(Kenakin, 1997b). On the other hand, the ECs of the agonist in
the presence of increasing concentrations of compounds I or II
was not increased, indicating no decrease of the agonist potency
for contractile response to bradykinin by these compounds,
even though the compounds inhibited the E,,,, of bradykinin
(Fig. 3B and C). It can be also considered that the difference
between the novel compounds (I and II) and icatibant is that
compounds I and II are full insurmountable antagonists while
the results with icatibant rather shows the profile of a full
insurmountable antagonist with a nonlinear stimulus—response
relationship due to the occurrence of spare receptors.

According to the non-equilibrium conditions, a difference in
the incubation time existed between the novel compounds and
icatibant. The inhibitory effect of icatibant was independent of
the contact time, whereas compounds I and IT showed time-
dependent insurmountable antagonism. When the contact time
was extended from 5 to 60 min, the inhibitory effect of icatibant
did not modify, but the effect of compounds I or II was further
increased after 60 min of contact time (Fig. 4). Also, the
difference in the type of antagonism produced by novel
compounds and icatibant can be possibly explained, at least in
part, by the results of reversibility studies which showed that
receptor blockade produced by compounds I and II was
reversed more slowly than that produced by icatibant (Fig. 5).
What can be further considered is allosteric interaction
(Kenakin, 1997b). The binding of these novel antagonists is
possibly at a site distinct from the binding domain for
bradykinin, but the interference to bradykinin binding is
achieved by a protein conformational change induced by the
binding of antagonists. Receptor binding studies will be
necessary to clarify the mode of interaction with the bradykinin
receptor.

In conclusion, the novel compounds, I and II, were
synthesized very easily by solution-phase combinatorial
synthesis containing a chlorobenzhydryl piperazine moiety
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and iminodiacetic anhydride as a template and these novel
non-peptide compounds produced highly potent anti-
bradykinin effect with an insurmountable antagonistic profile
to bradykinin B, receptor. The present study introduces new
non-peptide bradykinin B, receptor antagonists, which can
be developed as a novel non-peptide B, receptor antagonist
drug.

Acknowledgements

This study was supported by the Korea Research Foundation
(Grant KRF-2003-041-E20291).

References

Abe, Y., Kayakiri, H., Satoh, S., Inoue, T., Sawada, Y., Imai, K., Inamura, N.,
Asano, M., Hatori, C., Katayama, A., Oku, T., Tanaka, H., 1998a. A novel
class of orally active non-peptide bradykinin B, receptor antagonists: 1.
Construction of the basic framework. J. Med. Chem. 41, 564-578.

Abe, Y., Kayakiri, H., Satoh, S., Inoue, T., Sawada, Y., Inamura, N., Asano, M.,
Aramori, 1., Hatori, C., Sawai, H., Oku, T., Tanaka, H., 1998b. A novel class
of orally active non-peptide bradykinin B, receptor antagonists: 3.
Discovering bioisosteres of the Imidazo[l,2-a]pyridine moiety. J. Med.
Chem. 41, 4062—-4079.

Altamura, M., Meini, S., Quartara, L., Maggi, C.A., 1999. Nonpeptide
antagonists for kinin receptors. Regul. Pept. 80, 13-26.

Aramori, 1., Zenkoh, J., Morikawa, N., Asano, M., Hatori, C., Sawai, H.,
Kayakiri, H., Satoh, S., Inoue, T., Abe, Y., Sawada, Y., Mizutani, T.,
Inamura, N., Nakahara, K., Hitoshi, K., Oku, T., Notsu, Y., 1997.
Nonpeptide mimic of bradykinin with long-acting properties at the
bradykinin B, receptor. Mol. Pharmacol. 52, 16-20.

Asano, M., Inamura, N., Hatori, C., Sawai, H., Fujiwara, T., Katayama, A.,
Kayakiri, H., Satoh, S., Abe, Y., Inoue, T., Sawada, Y., Nakahara, K., Oku,
T., Okuhara, M., 1997. The identification of an orally active, nonpeptide
bradykinin B2 receptor antagonist, FR 173657. Br. J. Pharmacol. 120,
617-624.

Asano, M., Inamura, N., Hatori, C., Sawai, H., Fujiwara, T., Abe, Y., Kayakiri,
H., Satoh, S., Oku, T., Nakahara, K., 1999. Discovery of orally active
nonpeptide bradykinin B, receptor antagonists. Immunopharmacology 43,
163-168.

Bhoola, K.D., Figueroa, C.D., Worthy, K., 1992. Bioregulation of kinins:
kallikreins, kininogens and kininases. Pharmacol. Rev. 44, 4-80.

Bock, M.G., Longmore, J., 2000. Bradykinin antagonists: new opportunities.
Curr. Opin. Chem. Biol. 4, 401-406.

Burgess, G.M., Perkins, M.N., Rang, H.P., Campbell, E.A., Brown, M.C.,
Mclntyre, P., Urban, L., Dziadulewicz, E.K., Ritchie, T.J., Hallett, A., Snell,
C.R., Wrigglesworth, R., Lee, W., Davis, C., Phargoo, S.B., Davis, A.J.,
Phillips, E., Drake, G.S., Hughes, G.A., Dunstan, A.R., Bloomfield, G.C.,
2000. Bradyzide, a potent non-peptide B, bradykinin receptor antagonists
with long-lasting oral activity in animal models of inflammatory
hyperalgesia. Br. J. Pharmacol. 129, 77-86.

Choo, H.-Y.P,, Chung, B.-J.,, Chung, S.-H., 1999. Synthesis of piperazine
derivatives and evaluation of their antihistamine and antibradykinin effects.
Bioorg. Med. Chem. Lett. 9, 2727-2730.

Eggerickx, D., Raspe, E., Bertrand, D., Vassart, G., Parmentier, M., 1992.
Molecular cloning, functional expression and pharmacological characteriza-
tion of a human bradykinin B, receptor gene. Biochem. Biophys. Res.
Commun. 187, 1306—-1313.

Félétou, M., Martin, C.A.E., Molimard, M., Naline, E., Germain, M., Thurieau,
C., Fauchere, J.L., Canet, E., Advenier, C., 1995. In vitro effects of HOE 140
in human bronchial and vascular tissue. Eur. J. Pharmacol. 274, 57—-64.

Gobeil, F., Pheng, L.H., Badini, I., Nguyen-Le, X.K., Pizard, A., Rizzi, A.,
Blouin, D., Regoli, D., 1996. Receptors for kinins in the human isolated
umbilical vein. Br. J. Pharmacol. 118, 289-294.

Gobeil Jr., F., Montagne, M., Inamura, N., Regoli, D., 1999. Characterization of
non-peptide bradykinin B, receptor agonist (FR 190997) and antagonist (FR
173657). Immunopharmacology 43, 179—185.

Griesbacher, T., Lembeck, F., 1992. Analysis of the antagonistic actions of HOE
140 and other novel bradykinin analogues on the guinea-pig ileum. Eur. J.
Pharmacol. 211, 393-398.

Griesbacher, T., Sametz, W., Legat, F.J., Diethart, S., Hammer, S., Juan, H.,
1997. Effects of the non-peptide B, antagonist FR 173657 on kinin-induced
smooth muscle contraction and relaxation, vasoconstriction and prostaglan-
din release. Br. J. Pharmacol. 121, 469-476.

Hall, J.M., 1992. Bradykinin receptors: pharmacological properties and
biological roles. Pharmacol. Ther. 56, 131-190.

Hess, J.F., Borkowski, J.A., Young, G.S., Strader, C.D., Ransom, R.W., 1992.
Cloning and pharmacological characterization of a human bradykinin (BK-
2) receptor. Biochem. Biophys. Res. Commun. 184, 260-268.

Hock, F.J., Wirth, K., Albus, U., Linz, W., Gerhard, H.J., Weimer, G., Henke,
St., Breipohl, G., Konig, W., Knolle, J., Scholkens, B.A., 1991. Hoe 140
a new potent and long acting bradykinin-antagonist: in vitro studies. Br. J.
Pharmacol. 102, 769-773.

Inamura, N., Asano, M., Kayakiri, H., Hatori, C., Oku, T., Nakahara, K., 1997.
Characterization of FR 173657, a novel nonpeptide B, antagonist: in vitro
and in vivo studies. Can. J. Physiol. Pharm. 75, 622—628.

Kam, Y.L., Rhee, S.-J., Choo, H.-Y.P., 2004. Solution-phase combinatorial
synthesis of nonpeptide bradykinin antagonists. Bioorg. Med. Chem. 12,
3543-3552.

Kayakiri, H., Abe, Y., Oku, T., 1999. Design and synthesis of a novel class of
highly potent, selective and orally active nonpeptide bradykinin B, receptor
antagonists. Drugs Future 24, 629-646.

Kenakin, T.P., 1997a. Competitive antagonism. Pharmacological Analysis of
Drug—Receptor Interaction, 3rd ed. Lippincott-Raven Press, Philadelphia,
pp. 331-373.

Kenakin, T.P., 1997b. Allotopic, noncompetitive, and irreversible antagonism,
Pharmacological Analysis of Drug—Receptor Interaction, 3rd ed. Lippincott-
Raven Press, Philadelphia, pp. 374-395.

Marceau, F., 1995. Kinin B; receptors: a review. Immunopharmacology 30,
1-26.

Marceau, F., Levesque, L., Drapeau, G., Rioux, F., Salvino, J.M., Wolfe, H.R.,
Seoane, P.R., Salwutz, D.G., 1994. Effects of peptide and non-peptide
antagonists of bradykinin B, receptors on the venoconstrictor action of
bradykinin. J. Pharmacol. Exp. Ther. 269, 1136—1143.

Meini, S., Patacchini, R., Giuliani, S., Lazzeri, M., Turini, D., Maggi, C.A.,
Lecci, A., 2000a. Characterization of bradykinin B, receptor antagonists in
human and rat urinary bladder. Eur. J. Pharmacol. 388, 177—-182.

Meini, S., Patacchini, R., Lecci, A., Quartara, L., Maggi, C.A., 2000b. Peptide
and non-peptide bradykinin B, receptor agonists and antagonists: a reap-
praisal of their pharmacology in the guinea-pig ileum. Eur. J. Pharmacol.
409, 185-194.

Meini, S., Cucchi, P., Bellucci, F., Catalani, C., Faiella, A., Rotondaro, L.,
Quatara, L., Giolitti, A., Maggi, C.A., 2004. Site-directed mutagenesis at the
human B, receptor and molecular modelling to define the pharmacophore of
non-peptide bradykinin receptor antagonists. Biochem. Pharmacol. 67,
601-609.

Menke, J.G., Borkowski, J.A., Bierilo, K.K., MacNeil, T., Derrick, A.W.,
Schneck, K.A., Ransom, R.W., Strader, C.D., Linemeyer, D.L., Hess, J.F.,
1994. Expression cloning of a human B, bradykinin receptor. J. Biol. Chem.
269, 21583-21586.

Pruneau, D., Luccarini, J.M., Defréne, E., Paquet, J.L., Bélichard, P., 1995.
Pharmacological evidence for a single bradykinin B, receptor in the guinea-
pig. Br. J. Pharmacol. 116, 2106-2112.

Pruneau, D., Paquet, J.L., Luccarini, J.M., Defréne, E., Fouchet, C., Franck,
R.-M., Loiller, B., Robert, C., Bélichard, P., Duclos, H., Cremers, B.,
Dodey, P., 1999. Pharmacological profile of LF 16-0687, a new potent
non-peptide bradykinin B, receptor antagonist. Immunopharmacology 43,
187-194.

Regoli, D., Barabé, J., 1980. Pharmacology of bradykinin and related kinins.
Pharmacol. Rev. 32, 1-46.

Regoli, D.J., Jukic, D., Gobeil, F., Rhaleb, N.E., 1993. Receptors for bradykinin
and related kinins: a critical analysis. Can. J. Physiol. Pharm. 71, 556-567.



150 Y.L. Kam et al. / European Journal of Pharmacology 523 (2005) 143—150

Regoli, D., Calo, G., Rizzi, A., Bogoni, G., Gobeil, F., Campobasso, C., Mollica,
G., Beani, L., 1996. Bradykinin receptors and receptor ligands (with special
emphasis on vascular receptors). Regul. Pept. 65, 83—89.

Regoli, D., Nsa Allogho, S., Rizzi, A., Gobeil, F.J., 1998. Bradykinin receptors
and their antagonists. Eur. J. Pharmacol. 348, 1-10.

Sawutz, D.G., Salvino, J.M., Dolle, R.E., Casiano, F., Ward, S.J., Houck, W.T.,
Faunce, D.M., Douty, B.D., Baizman, E., Awad, M.M.A., Marceau, F.,
Seoane, P.R., 1994. The nonpeptide WIN 64338 is a bradykinin B, receptor
antagonist. Proc. Natl. Acad. Sci. 91, 4693—4697.

Wirth, K., Hock, F.J., Albus, U., Linz, W., Alpermann, H.G., Anagnostopoulos,
H., Henke, St., Breiphol, G., Kénig, W., Knolle, J., Schélkens, B.A., 1991.
Hoe 140 a new potent and long acting bradykinin-antagonist: in vivo studies.
Br. J. Pharmacol. 102, 774-777.

Wirth, K.J., Heitsch, H., Scholkens, B.A., 1995. Kinin receptor antagonists:
unique probes in basic and clinical research. Can. J. Physiol. Pharm. 73,
797-804.



	Antagonistic effects of novel non-peptide chlorobenzhydryl piperazine compounds on contractile .....
	Introduction
	Materials and methods
	Chemicals and preparation of drugs
	Preparation and functional recording of guinea-pig ileal smooth muscle
	Data analysis

	Results
	Discussion
	Acknowledgements
	References


