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Abstract

Ž .We have compared the pharmacology of different antagonists, Icatibant H-DArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTic-Oic-Arg-OH ,
Ž Ž . Ž .. ŽŽ . Ž . wMEN 11270 H-DArg-Arg-Pro-Hyp-Gly-Thi-c Dab-DTic-Oic-Arg c 7 g–10 a , and FR173657 E -3- 6-acetamido-3-pyridyl -N- N-

w wŽ . x x x .2,4-dichloro-3- 2-methyl-8-quinolinyl oxymethyl phenyl -N-methylaminocarbonylmethyl acrylamide at bradykinin B receptors2
ŽŽ w w wŽ . Žexpressed in the guinea-pig ileum by using bradykinin and the non-peptide FR190997 8- 2,6-dichloro-3- N- E -4- N-methyl-

. x x x Ž . .carbamoyl cinnamidoacetyl -N-methylamino benzyloxy -2-methyl-4- 2-pyridylmethoxy quinoline as agonists. In organ bath experiments,
Ž .Icatibant and FR173657 exerted a non-competitive antagonism pK 9.5 and 9.2, respectively of the contractile response to bradykinin,B

Ž .whereas MEN 11270 showed competitive antagonism pK 8.3, slope y0.90 . The profile of action and apparent affinities of the threeB

antagonists did not change if contact time was prolonged. The inhibition by the three antagonists of the contractile response to bradykinin
Ž .was differently reverted by washout MEN 11270 -30 min, Icatibant -60 min, FR173657 )60 min . The non-peptide ligand

Ž .FR190997 acted as partial agonist if applied cumulatively to the bath pD 8.06, E 43% of maximal contractility , but as a full agonist2 max
Ž .when a maximally effective concentration was added E 83% . FR173657 produced non-competitive antagonism of the response tomax

Ž .FR190997 with apparent affinity similar to that measured toward bradykinin. On the contrary, Icatibant and MEN 11270 300 nM both
Ž .competitively antagonized the contractile activity exerted by FR190997 with lower apparent p A value 6.9 and 7.2, respectively . In2

w3 x Žradioligand binding experiments, MEN 11270 and Icatibant displaced the H bradykinin binding with pK of 10.2 and 10.5 Hill slopei
. w3 xnot different from unity , respectively. The non-peptide ligands displaced the H bradykinin binding with similar affinity, their pK i

Ž .being 8.7 and 8.6 for FR173657 and FR190997, respectively both Hill slopes -1 . The present study indicates the difference in the
Ž .antagonism type competitive vs. non-competitive by Icatibant, MEN 11270, and FR173657, as mainly ascribable to their different

reversibility from the bradykinin B receptor, and affected by the kinetic of the response induced by the different agonists. Results are2

discussed in view of a different interaction of peptide and non-peptide agonist at the receptor. q 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The biological effects of kinins are mediated by two
different types of G protein-coupled receptors, namely B1

and B , which have recently been cloned from various2
Žspecies including humans Eggerickx et al., 1992; Hess et

.al., 1992; Menke et al., 1994 . Before their molecular
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identification, the existence of B and B receptors was1 2
Žpostulated on the basis of pharmacological studies Regoli

.and Barabe, 1980 .´
A number of potent and selective antagonists for

bradykinin B receptor has been identified in recent years2
Ž .Altamura et al., 1999, for review : these include the
metabolically stable, linear peptide antagonist Icatibant
Ž .H-DArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTic-Oic-Arg-OH
Ž .Hock et al., 1991; Wirth et al., 1991 , its cyclic con-

Žstrained derivative MEN 11270 H-DArg-Arg-Pro-Hyp-
Ž . Ž .. ŽGly-Thi-c Dab-DTic-Oic-Arg c 7 g–10 a Meini et al.,

.1999 , and a number of non-peptide receptor antagonists

0014-2999r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
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ŽŽ . Ž . wsuch as FR173657 E -3- 6-acetamido-3-pyridyl -N- N-
w wŽ . x2,4-dichloro-3- 2-methyl-8-quinolinyl oxymethyl phe-

x x . Žnyl -N-methylaminocarbonylmethyl acrylamide Aramori
.et al., 1997a; Asano et al., 1997 .

In the guinea-pig ileum assay, which has been the
object of several studies on the bradykinin B receptor2

Ž .pharmacology Hall, 1992, for review , some conflicting
results have been reported with regard to the nature of
antagonism exerted in antagonizing bradykinin-induced
contraction: Icatibant has been reported to act as a non-

Žcompetitive antagonist Griesbacher and Lembeck, 1992;
.Pruneau et al., 1995 , whereas it has been reported to act

as a competitive or non-competitive antagonist for differ-
ent preparations expressing B receptor in the guinea-pig2

Ž .species Pruneau et al., 1995 . In the same assay, FR173657
Žwas reported to act both as a non-competitive Griesbacher

.et al., 1997; Rizzi et al., 1997 and competitive antagonist
Ž .Asano et al., 1997 .

In the present study, we have compared the activity of
the three bradykinin B receptor antagonists, Icatibant,2

FR173657 and MEN 11270, under comparable experimen-
tal conditions in the guinea-pig ileum longitudinal smooth
muscle. In particular, we first verified whether contact
time and reversibility of the action of the antagonists could
be factors important in determining the exerted antagonism
type. Second, in order to assess whether the antagonism
type could be dependent from the agonist, we tested their
antagonist activity not only against bradykinin, the natural
peptide ligand for B receptors, but also against the non-2

Ž w w wŽ .peptide agonist FR190997 8- 2,6-dichloro-3- N- E -4-
Ž . x xN-methylcarbamoyl cinnamidoacetyl - N - methylamino -

x Ž . .benzyloxy -2-methyl-4- 2-pyridylmethoxy quinoline
Ž .Aramori et al., 1997b . Finally, we also determined the
affinity of all the studied ligands in competing for the
w3 xH bradykinin binding sites in guinea-pig ileum longitudi-
nal smooth muscle membranes.

2. Materials and methods

2.1. Functional in Õitro experiments

Ž .Male albino guinea-pigs 400–450 g were stunned and
bled. The small intestine was removed, placed in oxy-

Ž .genated and gassed 95% O , 5% CO Krebs’ Henseleit2 2
Žsolution containing indomethacin, guanethidine both 3

. Ž .mM , clorpheniramine and atropine both 1 mM . Longitu-
dinal smooth muscle-myenteric plexus preparations were
obtained from the guinea-pig ileum as described by Paton

Ž .and Vizi 1969 . The composition of Krebs’ solution was
Ž . Ž . Ž .as follows mM : NaCl 119 ; NaHCO 25 ; KH PO3 2 4

Ž . Ž . Ž . Ž .1.2 ; MgSO 1.5 ; CaCl 2.5 ; KCl 4.7 and glucose4 2
Ž . Ž .11 . The strips were placed in organ baths 5 ml capacity

Ž .and prepared for isotonic recording load 5 mN of me-

Ž .chanical activity via Basile transducers which was dis-
played on Basile 7050 pen recorder.

Ž .After an equilibration period of 1 h, bradykinin 1 mM
was administered 3–4 times to preparations, every 20-min
interval, to assay sensibility and reproducibility of the
contractile response. Afterwards, a cumulative concentra-

Ž .tion–response curve to bradykinin 1 nM–1 mM was
constructed. At the end of each curve, the maximal con-
tractile response of the preparation was evaluated by ad-

Ž .ministration of KCl 80 mM . After washout and recovery
of basal tone, the concentration–response curve to
bradykinin was repeated in the presence of one of the
receptor antagonists under study. Control experiments re-
vealed no significant changes in the responses over three
consecutive concentration–response curves to bradykinin
Ž .data not shown constructed at 45-min intervals.

ŽPeptidase inhibitors thiorphan, bestatin, and captopril,
.1 mM were added 15 min prior to determination of the

bradykinin-induced concentration–response curve. Antago-
nists contact time was 15 min, when not stated otherwise.

The reversibility of B receptor blockade produced by2

the antagonists under study was evaluated as follows:
Ž .bradykinin 100 nM was administered to the preparations

at 30-min intervals, until reproducible contractile responses
Ž .were obtained generally after three administrations . At

Ž . Ž .this time, MEN 11270 100 nM or Icatibant 10 nM or
Ž .FR173657 10 nM or vehicle were added to the bath

solution, 15 min before the next challenge with the ago-
nist. The preparations were then thoroughly washed with
Krebs’ solution, which was renewed every 5 min. Admin-
istration of the agonist was repeated 30, 60 and 90 min
after washout of the antagonist, and the responses were
compared to those obtained in control time-matched prepa-
rations.

When experiments with the non-peptide agonist were
carried out, a different protocol was used because of the
difficult reversibility of its contractile response through the
washout-over the time. Cumulative concentration–re-

Ž .sponse curve to FR190997 1 nM–3 mM were con-
structed in the absence or in the presence of the antagonist
in different preparations belonging to the same animal.

2.2. Membrane preparation

Segments of guinea-pig small intestine were excised as
w xdescribed above, and placed in N-tris hydroxymethyl -

Žmethyl-2-aminoethanesulphonic acid TES, 10 mM, pH
.7.4, at 48C added with a cocktail of peptidase inhibitors:

Ž . Ž1,10 phenanthroline 1 mM , ethylene glycol bis b-
. X X Ž .aminoethyl ether -N, N, N , N -tetraacetic acid 1 mM , cap-

topril, leupeptin, soybean trypsin inhibitor, DL-2-
Žmercaptomethyl-3-guanidoethylthiopropanoic acid 1 mM

. Ž .each , chymostatin 3.3 mM , phenylmethyl–sulphonyl
Ž . Ž y1 .fluoride 0.1 mM , and bacitracin 140 mg ml . The

longitudinal smooth muscle was dissected as for functional
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experiments, minced and homogenized with a Polytron
Ž .PT 3000, Kinematica , set at 15 000 r.p.m. for 30 s in 10
ml gy1 of the above buffer. The homogenate was cen-
trifuged at 2500=g for 10 min to remove cellular debris.
The supernatant was homogenized and centrifuged at

Ž .45 000=g 48C for 30 min. The pellet was resuspended
in binding buffer and frozen immediately in 2 ml aliquots
by immersion in liquid nitrogen, and then stored at y808C
until use.

The protein concentration was determined by the method
Ž .of Bradford 1976 using a Bio-Rad kit, using bovine

serum albumin as reference standard.
Immediately prior to use, frozen membrane aliquots

Ž .were thawed in binding buffer see below and mixed to
give a homogeneous membrane suspension.

2.3. Binding experiments

ŽThe buffer used for binding experiments was TES 10
. Ž .mM, pH 7.4 containing 1,10 phenanthroline 1 mM ,

Ž y1 . Žbacitracin 140 mg ml , and bovine serum albumin 1 g
y1 .l . Binding assay was performed in polypropylene tubes

in a final volume of 0.5 ml. Non-specific binding was
defined as the amount of labelled ligand bound in the
presence of 1 mM bradykinin. An incubation time of 90
min at 258C was used for both saturation and competition

Ž .studies Manning et al., 1986 .
All incubations were terminated by rapid filtration

through Whatman GFrB glass fibre filtermats that had
been pre-soaked for at least 2 h in polyethylenimine 0.6%,
using a Brandel 48 cell harvester. The tubes and filters
were then washed four times with 3 ml aliquots of Tris

Ž .buffer 50 mM, pH 7.4, 48C . Filters were soaked in
Ž .CytoScint scintillation fluid ICN Biomedicals overnight,

and bound radioactivity was counted in a b-scintillation
Ž .counter 2200 CA, Packard .

In preliminary experiments, we observed that the spe-
w3 xcific binding of H bradykinin was directly proportional

Ž .to membrane concentration data not shown . A membrane
concentration of 100 mg mly1 was chosen for both satura-
tion and competition studies. At this protein concentration,
the specific binding represented approximately the 70–80%

w3 x w3 xof the total binding for H bradykinin. H bradykinin
Ž .0.02–4 nM saturation isoterm fitted with a one-site model

Ž .with a K of 0.29"0.01 nM ns3 and a B ofD max

200"6.5 fmol mgy1 of protein. On each batch of mem-
w3 xbranes a saturation curve to the H bradykinin was per-

formed in order to elaborate competition studies. The
w3 xchosen H bradykinin concentration for competition stud-

ies was 0.25 nM. All the bradykini B antagonists were2
Ž .tested in a range of 14 concentrations 1 pM–1 mM .

2.4. Analysis of data

Functional responses to bradykinin either in the absence
or presence of antagonist were normalized towards the

maximal effect of bradykinin itself reached with the first
curve. Responses to FR190997 were normalized as per-
centage of the maximal contractile response obtained with

Ž .the administration of KCl 80 mM on each preparation.
The agonist concentration producing the 50% of the

maximal response for that agonist was calculated as nega-
tive logarithm to base 10, and indicated as pD and 95%2

Ž .confidence limits c.l. were calculated by non-linear re-
gression of the concentration–response curve.

The nature of the interaction of antagonists with the
receptors was checked by the Schild regression as follows:
antagonist-induced parallel shifts of concentration–re-
sponse curves to the agonist were calculated graphically at

Žthe level of the half-maximal response as the ratio con-
.centration-ratio, CR of equieffective concentrations of

w xagonist. Estimates of log CRy1 were plotted against log
w x Ž .antagonist concentration Arunlakshana and Schild, 1959 .
Antagonists providing plots with linear regression lines
and slopes not significantly different from unity were
considered to act in a competitive manner. The affinity of
competitive antagonists was expressed in terms of pK B

w xcalculated from the equation: pK s log CRy1 y logB
w x Ž .antagonist concentration Kenakin, 1997a .

When antagonists caused non-parallel rigthward shifts
of the concentration–response curve to bradykinin, and
decreased the E , the estimate of the affinity was calcu-max

lated by a method for non-competitive andror pseudoirre-
Ž .versible antagonists as described by Kenakin 1997b . In

practice, a double-reciprocal plot of equieffective concen-
Ž . Ž .trations of agonist A in the absence 1rA and in the

Ž X. Ž .presence 1rA of the antagonist B was constructed, and
K derived from the equation:B

w xK s B rslopey1.B

In order to obtain more accurate estimates of K , weB

selected the experiments in which E to the agonist wasmax

depressed to or less than 50% of control by the antagonist.
Saturation and displacement binding data were pro-

Ž .cessed by Prism 2.0 GraphPad, San Diego, CA , to deter-
Ž .mine the maximum binding site density B , affinitymax

Ž .constant K , ylog of equilibrium inhibition constantsD
Ž .pK , Hill slope, and to test significance of site bindingi

models. All values are given as mean"s.e. of the mean
Ž .from the stated number of experiments n , each one

performed in duplicate.

2.5. Materials

w3 x Ž y1 .H bradykinin specific activity 114 Ci mmol was
Ž .provided by Du Pont NEN Hertfordshire, UK . Bestatin

Žand bradykinin were obtained from Peninsula St. Helens,
.UK . Leupeptin was obtained from Boehringer-Mannheim

Ž . Ž .Germany , Thiorphan from Bachem Essex, UK , and
DL-2-mercaptomethyl-3-guanidoethylthiopropanoic acid

Ž .from Calbiochem La Jolla, CA, USA . GFrB glass fibre
Žfiltermats were provided by Brandel Semat, St. Albans,

.Herts. UK . All salts used were purchased from Merck
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Ž .Darmstadt, Germany . All other materials were obtained
Ž .from Sigma St. Louis, MO, USA . All bradykinin B2

receptor antagonists used were synthesized in Menarini
Ž .Ricerche Florence, Italy . FR190997 was a kind gift from

Fujisawa Pharmaceuticals. FR173657 and FR190997 were
dissolved in dimethylsulphoxide up to 1 mM, whereas
Icatibant and MEN 11270 were dissolved in distilled wa-
ter. All compounds were stored at y258C.

3. Results

3.1. Organ bath experiments

3.1.1. Antagonist actiÕity of Icatibant, FR173657, and
MEN 11270 towards bradykinin

Ž .Bradykinin 1 nM–1 mM produced concentration-de-
pendent contraction of the longitudinal smooth muscle of

Ž .guinea-pig ileum the pD being 7.72 95% c.l. 7.57–7.872

Ž . Ž .ns23 . KCl 80 mM administered on the plateau of the
response to bradykinin, did not produce any further con-
traction, showing that the E of bradykinin correspondsmax

to the maximal contractility of this muscle. The effects of
each concentration of bradykinin developed in less than 1
min and a full concentration–response curve was con-
structed in less than 10 min through the cumulative proto-

Ž .col of administration of the agonist not shown .
None of the antagonists under study produced agonist

effect, up to the highest concentration tested. Icatibant and
Ž .FR173657 3–300 nM produced a concentration-depen-

dent insurmountable antagonism of bradykinin-induced
Ž .contraction Fig. 1A and B , while leaving the maximal

Ž .response to KCl 80 mM unaffected. The apparent pK B
Ž .values were: 9.5"0.1 ns8 for Icatibant and 9.2"0.2

Ž .ns8 for FR173657.
Ž .In contrast, MEN 11270 10 nM–1 mM produced

concentration-dependent and parallel rightward shifts of

Ž .Fig. 1. Concentration–response curves to bradykinin in the guinea-pig ileum longitudinal smooth muscle in the absence control, ` and presence of
Ž . Ž . Ž . Ž . Ž . Ž .various concentrations of bradykinin B receptor antagonists: A Icatibant 3 nM v , 30 nM B , and 300 nM ' ; B FR173657 3 nM v , 30 nM2

Ž . Ž . Ž . Ž . Ž . Ž . Ž .B , and 300 nM ' ; C MEN 11270 10 nM v , 100 nM B , and 1000 nM ' . Contact time of antagonists was 15 min. D Schild plot of MEN
11270 against bradykinin. Values represent the mean"S.E.M. of 5–8 experiments.
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the concentration–response curve to bradykinin without
Ž .producing depression of E Fig. 1C . Schild plot analy-max

sis was consistent with a competitive antagonism, the slope
Ž . Ž .being y0.90 95% c.l. y0.70 to y1.08 Fig. 1D . The

Ž .pK value of MEN 11270 was 8.3"0.1 ns24 .B

In order to evaluate a possible time-dependency of the
interaction with bradykinin B receptor, the effect of the2

three antagonists was evaluated after 15 or 60 min contact
time. MEN 11270 at 300 nM produced a rightward shift of
the agonist concentration–response curve and its effect

Ž .Fig. 2. Concentration–response curves to bradykinin in the guinea-pig ileum longitudinal smooth muscle in the absence control, ` and presence of
Ž . Ž . Ž . Ž . Ž . Ž .bradykinin B receptor antagonists, after 15 min v or 60 min B contact time: A Icatibant 3 nM; B Icatibant 30 nM; C FR173657 3 nM; D2

Ž .FR173657 30 nM; E MEN 11270 300 nM. Values represent the mean"S.E.M. of five experiments.
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was just superimposable after 15 or 60 min contact time
Ž .Fig. 2E . In the same set of experiments, Icatibant and

ŽFR173657 were tested at two concentrations: 3 nM which
for both antagonists did not depress the E of bradykininmax

.at 15 min contact time and 30 nM. The antagonist activi-
Ž .ties of both Icatibant Fig. 2A and B and FR173657 did

Žnot change after 15 or 60 min of incubation Fig. 2C and
.D .

3.1.2. ReÕersibility of bradykinin B receptor blockade2

produced by Icatibant, FR173657, and MEN 11270
The reversibility of bradykinin B receptor blockade2

produced by the antagonists was evaluated as the capacity
of the longitudinal smooth muscle to recover the contrac-

Ž .tion produced by a single dose of bradykinin 100 nM
Žafter a 15-min contact time with the antagonists see

. Ž . Ž .Section 2 . MEN 11270 100 nM , Icatibant 10 nM and
Ž .FR173657 10 nM produced a comparable degree of

Žinhibition 78"7%, 65"12%, 76"2% inhibition, ns
. Ž .4–6, respectively of the response to bradykinin 0.1 mM .

As shown in Fig. 3, the inhibition exerted by MEN 11270
was fully and quickly reversed by washout since 30 min
after the removal of the antagonist the response to
bradykinin matched that obtained in vehicle-treated prepa-

Ž .rations Fig. 3 . Bradykinin B receptor blockade produced2

by Icatibant was more slowly reversed by washout, but a
full recovery of the response to the agonist occurred within

Ž .60 min from removal of the antagonist Fig. 3 . On the
contrary, FR173657 produced a persistent antagonism at
bradykinin B receptors, which was not fully reversed up2

Fig. 3. Reversibility of bradykinin B receptor blockade produced by2

MEN 11270, Icatibant and FR173657 in the guinea-pig ileum longitudi-
nal smooth muscle preparation. The contractile response to single concen-

Ž . Ž .trations of bradykinin 100 nM is shown in the absence ` and in the
Ž . Ž . Ž .presence times0 of MEN 11270 100 nM v , Icatibant 10 nM B ,

Ž .and FR173657 10 nM ' , and after 30, 60, and 90 min from washout of
Ž .the antagonists see Experimental Procedures . Antagonist contact time

was 15 min. Each value is the mean"S.E.M. of 4–6 determinations.
) P -0.05, ) ) P -0.01 vs. matched vehicle responses.

Fig. 4. Concentration–response curves to FR190997 in the guinea-pig
Ž .ileum smooth muscle in the absence control, ` or presence of the

Ž . Ž .bradykinin B receptor antagonist FR173657 at 1 nM I , 3 nM v , 302
Ž . Ž .nM B , and 300 nM ' . Antagonist contact time was 15 min. Each

value is the mean"S.E.M. of 4–7 determinations.

to 90 min from removal of the antagonist from the bath
Ž .solution Fig. 3 .

3.1.3. Antagonist actiÕity of Icatibant, FR173657, and
MEN 11270 towards the contractile effect elicited by the
non-peptide agonist FR190997

The activity of the non-peptide bradykinin B receptor2

agonist FR190997 was tested in the concentration range 1
nM–3 mM. At the end of cumulative administration of the
agonist, the maximal contractile response to FR190997,
expressed as percentage of the maximal contraction elicited

Žby 80 mM of KCl, averaged 43"8% ns8, P-0.05 vs.
.bradykinin maximal effect and the pD value resulted2

Ž . Ž .8.06 95% c.l. 7.63–8.48 Fig. 4 . Contrary to the effect
of bradykinin, the response to FR190997 was much slower
in onset, and the effect of each added concentration re-
quired 10–15 min to achieve a steady state. However,
when a maximally effective concentration of FR190997
Ž .0.1 mM was administered as a single concentration to the
bath, the resulting contractile response averaged 83"6%

Ž .of bradykinin produced E ns5 . It should be notedmax

that FR190997, either when administered in a single or in
a cumulative manner to the bath, produced a contraction
which did not show any fading, even after long period of

Ž .contact )45 min , and that independently from the con-
tact time, it was resistant to extensive and repeated
washouts.

Ž .As shown in Fig. 4, FR173657 1–300 nM antago-
nized in a concentration-dependent manner the contractile
response produced by FR190997; the antagonism was
insurmountable, and yielded apparent pK values of 9.11B
Ž . Ž .95% c.l. 8.74–9.30 and 8.82 95% c.l. 8.5–9.0 at 3 and
30 nM antagonist concentration, respectively.
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Both Icatibant and MEN 11270, at 300 nM concentra-
tion, antagonized the contractile effects produced by

ŽFR190997 a 10-fold lower antagonist concentration was
.ineffective, data not shown . As shown in Fig. 5, the

maximal contractile effect produced by the non-peptide
Ž .agonist FR190997 averaged 37"5% ns7 of the maxi-

Ž .mal contraction elicited by KCl 80 mM in the absence of
Ž . Ž .antagonists: it was 39"4 ns7 and 33"6 ns7 in

Ž .the presence of MEN 11270 and Icatibant 300 nM each ,
respectively. From the ratios of the EC values of concen-50

tration–response curves of FR190997 obtained in the pres-
ence and absence of the two antagonists, apparent p A2

values of 6.9 and 7.2 were calculated for Icatibant and
MEN 11270, respectively.

3.2. Binding experiments

w3 xIcatibant and MEN 11270 competed for H bradykinin
binding site with high affinity, their pK being 10.5"0.05i
Ž .pIC 10.1"0.04, ns3, Rs0.974 and 10.2"0.0650
Ž . ŽpIC 9.9"0.05, ns3, Rs0.984 , respectively Fig.50
.6 . On the other hand, both non-peptide ligands, FR173657

and FR190997, displayed similar affinities, their pK val-i
Ž .ues being 8.7"0.01 pIC 8.5"0.05, ns3, Rs0.979 ,50

Ž .and 8.6"0.05 pIC 8.3"0.06, ns3, Rs0.964 , re-50
Ž .spectively Fig. 6 . Differences between peptide and non-

peptide ligands were evident when analysing the slopes of
the curves: competition curve had slopes not different from

Ž .unity, being y1.13 95% c.l. y1.34 to y0.92 and
Ž .y0.95 95% c.l. y1.17 to y0.74 , for peptide ligands,

Icatibant and MEN 11270, respectively. On the contrary,
the competition curves of the non-peptide ligands at the
w3 xH bradykinin binding site, appeared more shallow, show-
ing Hill slope values significantly less than unity: y0.72
Ž . Ž95% c.l. y0.81 to y0.64 and y0.73 95% c.l. y0.85 to

.y0.60 , for FR173657 and FR190997, respectively. The
analysis of curves by a two-site competitive model brought
to a significant improvement: for FR173657 the two affin-

Fig. 5. Concentration–response curves to FR190997 in the guinea-pig
Ž .ileum longitudinal smooth muscle in the absence control, ` or presence

Ž .of the bradykinin B receptor antagonist Icatibant B , or MEN 112702
Ž .v , both at 300 nM concentration. Antagonist contact time was 15 min.
Each value is the mean"S.E.M. of seven determinations.

w3 xFig. 6. Inhibition of H bradykinin binding to guinea-pig longitudinal
Ž . Ž .smooth muscle membranes by Icatibant B , MEN 11270 v , FR173657

Ž . Ž . w3 x' , and FR190997 ` . Specific H bradykinin binding was plotted
against increasing concentration of the above ligands ranging between 1

w3 x Ž . ŽpM and 1 mM. H bradykinin 0.25 nM binding and membranes 100
y1 .mg ml were incubated as described in Experimental Procedures. The

data shown represent the mean"S.E.M. of three separate determinations
in duplicate.

Ž . Žity pIC values were 9.4 and 8.1 Rs0.992, F 7.938,50
.P 0.00046 vs. one-site fit , and for FR190997 9.3 and 8.1

Ž .Rs0.981, F 3.878, P 0.020 vs. one-site fit .

4. Discussion

In the present study, we re-addressed the pharmacologi-
cal profile of various agonists and antagonists for the
bradykinin B receptor in the guinea-pig ileum longitudi-2

nal smooth muscle. This preparation has been extensively
Žstudied, both in functional and in binding studies Hall,

.1992, for review , besides to be used for testing the
activity of new compounds at the bradykinin B receptor2
ŽGriesbacher and Lembeck, 1992; Pruneau et al., 1995;
Rhaleb et al., 1992; Stewart et al., 1996; Hall, 1992, for

.review .
MEN 11270 is a selective bradykinin B receptor an-2

Ž .tagonist obtained by introducing a diaminobutiric Dab
residue in the place of the serine in the sequence of
Icatibant. The cyclization between the side chain of Dab
and the carboxyl group of the C-terminal arginine residue
Ž .Meini et al., 1999 would fix the C-terminal sequence of
the peptide into a b-turn conformation, proved to be
critical for the high affinity interaction of Icatibant with

Ž .the bradykinin B receptor Guba et al., 1994 . Owing to2

the structural similarity with Icatibant, we can assume that
the mode of interaction of these two peptide antagonists
with bradykinin B receptor is similar if not overlapping2
Ž .Meini et al., 1999 . In keeping with this concept, both

w3 xMEN 11270 and Icatibant displaced H bradykinin bind-
Žing to guinea-pig ileal membranes with high affinities pK i

.10.5 and 10.2, respectively .
The binding affinity of MEN 11270 was significantly

Ž .higher pK 10.2 than the apparent affinity measured ini
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Ž .functional experiments pK 8.3 . This phenomenon hasB

been repeatedly reported to occur in pharmacological stud-
Žies on bradykinin B receptors defined ‘binding paradox’2

.by Hall, 1992 for review , and seems to be at least in part
ascribable to the lower ionic strength buffer used in bind-

Ž .ing studies Ransom et al., 1992; Paquet et al., 1999 . In
functional experiments, MEN 11270 behaved as a competi-

Žtive antagonist slope from Schild analysis not different
.from unity , whereas Icatibant behaved as an insurmount-

able antagonist of bradykinin-induced contraction. This
difference is not ascribable to non-equilibrium conditions,
since extending the contact time from 15 to 60 min did not
influence the type of antagonism. The difference in the
type of antagonism produced by MEN 11270 and Icatibant
can be explained, at least in part, by the results of re-
versibility studies which show that receptor blockade pro-
duced by Icatibant is reversed more slowly than that
produced by MEN 11270. Moreover, the functional re-
sponse to bradykinin develops quickly and undergoes fad-
ing: this, coupled with the relatively slow dissociation of
Icatibant from the bradykinin B receptor, yields non-equi-2

librium conditions in the time frame of the concentration–
response curve in organ bath experiments, leading to the
apparent non-competitive behaviour of this antagonist. In
favour of this interpretation is the observation that antago-
nists that bind tightly to, and dissociate slowly from, the
receptor produce insurmountable antagonism, irrespective

Žof the mechanism of interaction competitivernon-compe-
. Žtitive with the receptor Kenakin, 1997b; Fierens et al.,
.1999 . In support of this interpretation, when tested against

FR190997, an agonist with onsetroffset kinetic markedly
slower than bradykinin, both MEN 11270 and Icatibant
displayed a competitive-like antagonist behaviour.

Ž .Asano et al. 1997 showed that FR173657, in the
concentration range 1–10 nM, antagonized bradykinin in-

Ž .duced contractions in a competitive manner p A 9.2 ,2

although the Schild plot indicated a slope greater than
Ž .unity. Others Griesbacher et al., 1997; Rizzi et al., 1997

showed that this antagonist, in a higher concentration
Ž .range 10–1000 nM , had a non-competitive behaviour,

but the same apparent affinity. Our data reconcile the
results presented in the above mentioned studies, since we

Žfound that at 3 nM a concentration in the range of those
.studied by Asano et al., 1997 FR173657 determines a

rightward shift of the concentration–response curve to
bradykinin without depressing E , whereas a non-com-max

petitive behaviour was evident at higher concentrations.
Contrary to the peptide antagonists, FR173657 dis-

w3 xplaced the binding of H bradykinin with an affinity com-
Žparable to that measured in the functional assay Paquet et

.al., 1999 , but the competition binding curves had a Hill
slope significantly less than unity, indicating a two-sites
competitive binding model as significant.

The non-peptide bradykinin B receptor agonist,2

FR190997, has been reported to act as a partial agonist in
Žthis and other assays Aramori et al., 1997b; Asano et al.,

.1998; Rizzi et al., 1999 : in these studies the peak response
produced by FR190997 has been used to provide an
estimate of its agonist efficacy. However, if measuring

Ž .events such as contraction of smooth muscle which are
distant from the initial agonist–receptor interaction, it ap-
pears likely that kinetic factors could heavily influence the
estimate of the properties of the agonist. We showed that
the estimate of agonist efficacy of FR190997 in the
guinea-pig ileum is markedly influenced by the mode of
administration: depending on the cumulative or single dose
application, FR190997 could be labeled either as a partial
or a full agonist, respectively. The reasons for this differ-
ence are not immediately evident. Moreover, since the
contractile response to FR190997 does not show signifi-
cant fading, either after cumulative and single dose appli-
cation, it does not appears that desensitization of bradykinin
B receptor is involved. From a kinetic point of view, the2

responses induced by FR190997 are much slower, in both
onset and offset, as compared to those produced by
bradykinin, besides to be persistent and extremely resistant

Žto the washout, such a different protocol was used see
.Section 2 to study the activity of antagonists towards

FR190997. It may be speculated that qualitative andror
quantitative differences exist between bradykinin and
FR190997 in terms of activation of different second mes-

Ž .senger pathways as also suggested by Rizzi et al., 1999
which eventually determine the final response under study.
Notably, also the non-peptide agonist FR190997, which is
a close structural analog of FR173657, displayed a similar
behaviour in the binding assay: in this perspective, the fact
that the analysis of curves of both non-peptide ligands,
with a two-site competitive binding model resulted signifi-
cant, strongly indicates the ability of these ligands to

w3 xrecognize differently the H bradykinin binding sites.
When FR173657 was tested towards the agonist re-

sponses induced by FR190997, it displayed a non-competi-
Žtive behaviour even at the lowest effective concentration 3

.nM , and its apparent affinity was close to that determined
in antagonism of bradykinin. On the other hand, the fact
that the peptide antagonists, MEN 11270 and Icatibant,
antagonize the functional responses of the non-peptide

Žagonist FR190997 with much lower potency apparent p A2
. Žvalues 7.2 and 6.9, respectively , may be alternatively see

.above explained by a different binding mode at the recep-
tor, which results in a less capability to hamper the recep-
tor conformational changes induced by FR190997.

A minor potency of FR173657 as compared to that of
ŽIcatibant Griesbacher and Legat, 1997; Griesbacher et al.,

. Ž .1998 and MEN 11270 Meini et al., 2000 in different in
vivo models has been reported. Nevertheless, the reasons
for the less in vivo potency of FR173657 cannot be
ascribable to the estimated affinity obtained in in vitro
functional studies, but rather to differences due to pharma-

Ž .cokinetic factors Meini et al., 2000 .
In conclusion, both non-peptide ligands, agonist and

antagonist, despite their opposite behaviour in terms of
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receptor activation, share some common pharmacological
Ž .features: i displace with a similar affinity and analogue
Ž .behaviour shallowrtwo-sites displacement curves of the

w3 x Ž .H bradykinin binding, ii show a similar kinetic profile
Žof interaction with bradykinin B receptors slow re-2

versibility of the antagonist, slow onset and offset of
.contraction of the agonist . These observations and the

much lower antagonist effect of MEN 11270 and Icatibant,
Žbut not FR173657 which is chemically related to

.FR190997 against FR190997, than bradykinin-induced
contractions, together with the different pharmacological
profile of the two agonists, suggest that the peptide
Ž . Ž .bradykinin and the non-peptide FR190997 agonists sta-
bilize active receptor conformations which are different. It
may be speculated that the MEN 11270 and Icatibant bind
at a receptor epitope which is less involved in the confor-
mational changes induced by FR190997 than those in-
duced by bradykinin. In contrast, the binding site of
FR173657 may be such that both the bradykinin- and
FR190997-induced preferential conformations are ham-
pered.
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