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Abstract

Ž ŽThe effect of three selective bradykinin B receptor antagonists, MEN11270 H-DArg-Arg-Pro-Hyp-Gly-Thi-c Dab-DTic-Oic-2
. Ž .. Ž . ŽŽ . Ž . wArg c 7g–10a , Icatibant H-DArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTic-Oic-Arg-OH , and FR173567 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 was evaluated in the human and
rat urinary bladder in vitro and in vivo in anaesthetized rats. Bradykinin evoked a concentration-dependent contraction of human
Ž . Ž .pD s7.2 and rat pD s7.7 detrusor muscle strips. In human preparations, all the antagonists tested produced a rightward-shift in2 2

the concentration–response curve for bradykinin. Schild plot analysis yielded pK values of 8.4, 8.4 and 8.6 for MEN11270, Icatibant,B
Ž .and FR173567, respectively. In the rat preparations the three antagonists at 100 nM concentration , produced a shift to the right which

gave apparent pA values of 8.2, 8.0 and 8.1 for MEN11270, Icatibant, and FR173567, respectively. In anaesthetized rats, both2
Ž . Ž .MEN11270 and Icatibant 1–10 nmolrkg i.v. dose dependently reduced the bradykinin 100 nmolrkg i.v. -induced urinary bladder

Ž .contraction, their effect being prompt and long-lasting. In contrast, FR173567 100 nmolrkg i.v. produced a partial and short-lasting
inhibition of bradykinin-induced bladder contractions. The present findings indicate that all the antagonists tested recognize with similar
potencies the bradykinin B receptors expressed in the detrusor muscle of both humans and rats. MEN11270 and Icatibant possess a2

higher potency and longer duration of action in vivo than FR173657, suggesting that the activity of this non-peptide antagonist in vivo is
hampered by factors unrelated to its affinity for bradykinin B receptors. q 2000 Elsevier Science B.V. All rights reserved.2
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1. Introduction

Ž .Kinins are small peptides 8–10 aminoacids produced
in either plasma or tissues during inflammatory processes
by the proteolytic cleavage of larger precursors called

Ž .kininogens Bhoola et al., 1992 . The biological effects of
kinins are mediated by two different receptors, termed B1

and B , which have both been cloned from various species,2

including humans, and shown to belong to the superfamily
Žof G-protein-coupled receptors Eggerickx et al., 1992;

.Hess et al., 1992; Menke et al., 1994 .
The bradykinin B receptor is constitutively expressed2

by various cell types, although both the level of expression
and the functional consequences of its activation are modu-

) Corresponding author. Tel.: q0039-55-5680-736; fax: q0039-55-
5680-419.

Žlated during inflammation Lung et al., 1998; Schmidlin et
.al., 1998 . On the other hand, the kinin B receptor is1

expressed de novo after inflammatory stimuli or tissue
Ž .injury Marceau, 1998 .

Kinins are believed to play an important role in urinary
Ž .bladder inflammation and cystitis Maggi, 1997 . In fact,

in addition to a local contractile effect on bladder smooth
Ž .muscle Maggi et al., 1989; Meini et al., 1998 , kinins

Žpromote tissue extravasation of plasma proteins Giuliani
.et al., 1993 and trigger reflex bladder contractions proba-

bly through a direct stimulation of bladder afferent nerves
Ž .Lecci et al., 1995 . This triad of effects, which in the
non-inflamed bladder are due to the activation of bradykinin
B receptors, basically reproduces the main symptoms of2

cystitis. The hypothesis that kinins generation in the blad-
der could be a pathophysiological mechanism for induction

Ž .of the symptoms of cystitis Maggi, 1997, for review is

0014-2999r00r$ - see front matter q 2000 Elsevier Science B.V. All rights reserved.
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substantiated by the observation that Icatibant, a selective
bradykinin B receptor antagonist reduces both bladder2

hyperreflexia and plasma protein extravasation in models
Žof chemically-induced cystitis Giuliani et al., 1993; Maggi

et al., 1993; Ahluwalia et al., 1994; Griesbacher, 1997;
.Jaggar et al., 1998 . Moreover, high levels of kinins are

found in the urine of patients with interstitial cystitis
Ž .Rosamilla et al., 1999 and the activity of the kinin-pro-
ducing enzyme correlates with bladder pain symptoms and

Žincrease in voiding frequency during cystitis Zuraw et al.,
.1994 .

A few studies have investigated the contractile effect of
Žbradykinin on the human isolated detrusor muscle Anders-

.son et al., 1992; Andersson, 1993, for review . No data
have been presented until now regarding the affinity of any

Žbradykinin B receptor antagonist Altamura et al., 1999,2
.for recent review in the human bladder smooth muscle,

although this information could have great relevance for
the planning of clinical studies aiming to explore the
potential therapeutic role of these drugs in cystitis in
humans.

Thus, in the present study we aimed at evaluating and
comparing the effect of the novel peptide bradykinin B2

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

. Ž1999 , with that of the parent compound, Icatibant H-
. ŽDArg-Arg-Pro-Hyp-Gly-Thi-Ser-DTic-Oic-Arg-OH Wirth

.et al., 1991 , and of the non-peptide antagonist, FR173657
ŽŽ . Ž . w w wŽE -3- 6-acetamido-3-pyridyl -N- N- 2,4-dichloro-3- 2-

. x xmethyl-8-quinolinyl oxymethyl phenyl -N-methylamino-
x . Ž .carbonylmethyl acrylamide Asano et al., 1997 , on

bradykinin-induced responses in human and rat isolated
urinary bladder. The potency and the duration of action of
these antagonists were also investigated on bradykinin-in-
duced contraction in urethane-anaesthetized rats.

2. Materials and methods

2.1. Organ bath studies

2.1.1. Human detrusor smooth muscle
Experiments, under authorization of the University of

Ferrara Ethical Committee, were performed on mucosa-free
muscle strips excised from the dome of the urinary bladder

Ž .from 15 patients with a mean age of 57 51–69 years,
undergoing cystectomy because of carcinoma of the blad-

Ž .der base, as described previously Maggi et al., 1988b . No
patient had received radio- or chemotherapy before inter-
vention. In all patients, preanesthetic medication was intra-

Ž . Ž .muscular atropine 1 mg and diazepam 10 mg . Anesthe-
Ž .sia was induced by sodium thiopental 500 mg i.v. and

Ž . Ž .maintained with N OrO 1r2 and halothane 0.6–1% .2 2
Ž .The patients received pancuronium bromide 6 mg i.v.

during induction of anesthesia. All specimens appeared

macroscopically normal without signs of tumor or inflam-
mation. The tissues were placed in ice-cold Krebs’ solution
Žcomposition mM: NaCl 119, KCl 4.7, CaCl 2.5, MgSO2 4

.1.5, NaH PO 1.2, NaHCO 25 and glucose 11 within2 4 3

2–3 min of surgical removal. The specimens were pinned
Ž .flat on a Petri dish containing gassed 95% O , 5% CO2 2

Krebs solution and the mucosa was carefully dissected out.
Ž .Muscle strip preparations 2=2=8 mm were transferred

Ž .to organ baths 5 ml and prepared for isotonic recording
Ž . Žload 10 mN of mechanical activity via Basile transduc-

.ers which was displayed on a Basile 7050 pen recorder.
After an equilibration period of 45 min, the preparations

Ž .were repeatedly challenged with KCl 80 mM to check
their contractility until the responses were reproducible.
The bath fluid was routinely changed every 15 min and
replaced by fresh Krebs solution. Thereafter, a cumulative

Žconcentration–response curve for bradykinin 1 nM–10
.mM was obtained. At the end of each curve, a maximal

contractile response was obtained by the addition of KCl
Ž .80 mM . Three cumulative concentration–response curves
for bradykinin were reproducible, so that control and an-
tagonist-treated responses were obtained from the same
preparation.

An antagonist contact time of 15 min was used before
commencing the concentration–response curve.

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

the agonist concentration–response curves.

2.1.2. Rat isolated urinary bladder
Experiments were performed with isolated urinary blad-

Ž .der from male albino rats of the Wistar strain 320–350 g .
The animals were stunned and bled and the whole urinary

Žbladder was removed and placed in gassed 95% O , 5%2
. Ž .CO Krebs’ solution composition as above . Four longi-2

tudinal strips of detrusor muscle were excised from each
Ž .bladder. The strips were transferred to organ baths 5 ml

Ž .and prepared for isotonic recording load 5 mN of me-
Ž .chanical activity as described above .

After an equilibration period of 45 min, the preparations
Ž .were exposed to KCl 80 mM to check their contractility,

then after washout, a cumulative concentration–response
Ž .curve for bradykinin 1 nM–10 mM was made. At the end

of the curve a maximal contractile response was obtained
Ž .by the addition of KCl 80 mM . Bradykinin responses

were evaluated in the absence or presence of bradykinin
receptor antagonists on different strips from the same
bladder, and studied in parallel.

An antagonist contact time of 15 min was used before
commencing the agonist concentration–response curve.

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

the agonist concentration–response curves.
When selectivity studies with neurokinin A were per-

formed, the same protocol was used, although concentra-
tion–response curves for the agonist in the absence and in
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the presence of the antagonist were obtained from the
Ž .same strip preparation Maggi et al., 1988a .

2.2. In ÕiÕo experiments

Ž .Urethane 1.2 grkg, s.c. -anaesthetized Wistar male
Ž .rats 350–400 g were used for in vivo studies. The left

jugular vein was cannulated for drug administration, a
tracheal cannula was applied to facilitate respiration. After
laparotomy, the ureters were tied, the pelvic ganglia were

Žsurgically ablated and a polyethylene catheter PE 90, I.D.
.0.86 mm, O.D. 1.27 mm was inserted into and secured to

the proximal urethra for the intravesical pressure recording
Ž .as previously described Lecci et al., 1995 . Therefore,

experiments were carried out under isovolumetric condi-
tions in a decentralized urinary bladder, in order to avoid
the triggering of reflex responses. The urinary bladder was
filled with 0.5 ml of saline and the preparation was left to

Žequilibrate for 1 h. Thereafter, bradykinin 100 nmolrkg
.i.v. was administered 25 min before, and 5, 30, 60, 90,

120, 150 and 180 min after the antagonist or vehicle
administration. MEN 11270 and Icatibant were dissolved
in saline, FR173657 was dissolved in dimethylsulphoxide;
all the antagonists or their corresponding vehicles were
administered in a volume of 100 mlrkg. The effect of
antagonists was evaluated with respect to their own time-
matched vehicle group.

2.3. Analysis of data

Each value in the text is a mean"S.E.M.
The agonist concentration producing 50% of the maxi-

mal response for that agonist was calculated as negative
logarithm to base 10, and indicated as pD , and 95%2

Ž .confidence limits C.L. were calculated by non-linear
regression of the concentration–response curves.

The nature of the interaction of antagonists with the
kinin receptors in in vitro experiments was checked using
Schild regression as follows: antagonist-induced parallel
shifts of concentration–response curves for the agonist
were calculated graphically for the half-maximal response

Ž .as the ratio concentration ratio, CR of equieffective
w xconcentrations of agonist. Estimates of log CRy1 were

w x Žplotted against log antagonist concentration Arun-
.lakshana and Schild, 1959 . Antagonists yielding plots

with linear regression lines and slopes not significantly
different from unity were considered to act in a competi-
tive manner. The affinity of competitive antagonists was
expressed in terms of pK calculated from the equation:B

w x w xpK s log CR y 1 y log antagonist concentrationB
Ž .Kenakin, 1997 .

One-way analysis of variance followed by Fisher’s LSD
test was used to compare concentration ratios or pK ofB

antagonists.

Two-way analysis of variance followed by Fisher’s
Ž .least significant difference LSD test was used for the

statistical evaluation of data from in vivo experiments;
P-0.05 was considered as significant.

Parallel control experiments, using only the vehicle,
were carried out. For in vivo experiments the effect of test
drugs was compared to changes observed in vehicle-treated
animals. For in vitro experiments all drugs, at the concen-
trations tested, were dissolved in water which per se did

Ž .not evoke any effect data not shown .

2.4. Materials

Bradykinin and bestatin were obtained from Peninsula
Ž .Peninsula Laboratories Europe, Cheshire, UK . Thiorphan

Ž .was from Bachem Essex, UK , captopril from Sigma,
Ž . ŽDorset, UK . Neurokinin A was from Neosystem Stras-

.bourg, France . All salts used were purchased from Merck
Ž .Darmstadt, Germany . All bradykinin B receptor antago-2

Žnists used were synthesized at Menarini Ricerche Florence,
.Italy . FR173657 was dissolved in dimethylsulfoxide up to

1 mM, whereas Icatibant and MEN 11270 were dissolved
in distilled water at 10 mM. All compounds were stored at
y258C.

3. Results

3.1. In Õitro experiments

ŽIn strips from the human detrusor muscle, bradykinin 1
.nM–1 mM produced a slowly developing concentration-

dependent tonic contraction, yielding a pD value of 7.22
Ž .7.0–7.5, ns28 . The maximal effect averaged 66"3%
Ž . Ž .ns28 of that induced by KCl 80 mM .

The three antagonists tested, MEN 11270, Icatibant, and
FR173657, were devoid of any agonist effect up to 300
nM concentration. On the other hand, MEN 11270, Icati-
bant, and FR173657 produced a concentration-dependent
Ž .30–300 nM rightward shift of the concentration–re-
sponse curve for bradykinin without inducing any depres-

Ž .sion of the maximal effect of the agonist Fig. 1A, B, C .
The slopes of the Schild plot were not different from unity

Žfor any of the compounds, resulting in y0.82 y1.34;
. Ž . Žy0.30 , y0.87 y1.54; y0.20 and y0.99 y1.49;
.y0.49 for MEN 11270, Icatibant, and FR173657, respec-
Ž .tively Fig. 1D, E, F . The pK values obtained from theB

Ž . ŽSchild analysis were 8.4"0.01 ns18 , 8.4"0.10 ns
. Ž .16 and 8.6"0.08 ns16 , for MEN 11270, Icatibant,

Ž .and FR173657, respectively Fig. 1D, E, F .
Ž .Bradykinin 1 nM–1 mM produced a concentration-de-

pendent contraction of detrusor strips from the rat urinary
Ž .bladder, yielding a pD of 7.4 7.1–7.7, ns10 . The2

Ž .maximal contractile effect averaged 60"3% ns10 of
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Fig. 1. Concentration–response curves for bradykinin in the human
Ž . Ž .detrusor smooth muscle in the absence ` and presence of 30 v , 100

Ž . Ž . Ž . Ž .I and 300 nM B concentration of MEN 11270 A , Icatibant B and
Ž . Ž .FR173657 C . Contact time of the antagonist was 15 min. D,E,F Schild

plots of MEN 11270, Icatibant and FR173657, respectively, against
bradykinin. Abscissa, log of the molar concentration of the antagonist.

Ž .Ordinate, log of the concentration ratioy1 CRy1 of the agonist.
Values represent the means"S.E.M. from four experiments.

Ž . Ž .the KCl 80 mM -evoked contraction Fig. 2 . MEN 11270,
Ž .Icatibant and FR173657 all at 100 nM induced a right-

ward shift of the concentration–response curve for
bradykinin without depressing the maximal response which

Žaveraged 55"4%, 64"5% and 57"4% of the KCl 80

Fig. 2. Concentration–response curve for bradykinin in the rat isolated
Ž . Ž .urinary bladder in the absence ` or presence of MEN 11270 I ,

Ž . Ž .Icatibant v and FR173657 B . All antagonists were used at 100 nM
concentration, and the contact time was 15 min. Values represent the
means"S.E.M. from five experiments.

.mM -induced response, in the presence of the stated con-
Ž .centration of each antagonist, respectively Fig. 2 .

From the rightward shifts of the concentration–response
curves for bradykinin obtained in the presence of the three
antagonists, concentration ratios of 16.1, 11.4 and 13.2
were calculated, for MEN 11270, Icatibant and FR173657,
respectively. Assuming competitive antagonism, apparent
pA values of 8.2, 8.0 and 8.1 were calculated for MEN2

11270, Icatibant, and FR173657, respectively.
The selectivity of MEN 11270, Icatibant and FR173657

Ž .all at 100 nM toward bradykinin B receptors was tested2

against neurokinin A with rat urinary bladder. Neurokinin
Ž .A 1 nM–1 mM produced reproducible contractions of the

Ž .rat detrusor muscle pD s8.3"0.08, ns16 through2
Žactivation of tachykinin NK receptors Maggi et al.,2

.1988a . Neither MEN 11270, nor Icatibant nor FR173657
Ž .all at 100 nM affected the curve for neurokinin A
Ž pD s8.0"0.1; 8.1"0.1 and 8.3"0.1, respectively,2

.ns4 each , nor did they reduce the maximal effect.

Ž .Fig. 3. Dose–response curve for MEN 11270 1–10 nmolrkg i.v. on
Ž . Ž .bradykinin 100 nmolrkg i.v. -induced bladder contractions panel A .

Ž .Comparison of the effects of MEN 11270 10 nmolrkg i.v. , Icatibant
Ž . Ž . Ž10 nmolrkg i.v. and FR173657 100 nmolrkg i.v. on bradykinin 100

.nmolrkg i.v. -induced bladder contractions. Each value and bar repre-
sents the means"S.E.M. from seven to eight experiments. Fisher’s LSD
test: U P -0.05 and UU P -0.01 vs. time-matched vehicle group; aP -

0.01 vs. time-matched MEN11270 and Icatibant-treated group.
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3.2. In ÕiÕo experiments

Ž .In animals with acute 1.5–2 h before surgical ablation
Ž .of the pelvic ganglia, bradykinin 100 nmolrkg i.v. evoked

a tonic-type bladder contraction having an amplitude of
Ž .8.5"0.9 mmHg ns22 . In vehicle-treated animals, the

response to bradykinin remained relatively constant over a
Ž180-min observation period y32% vs. basal response at

.180 min : time-matched and vehicle-treated controls were
then used to evaluate the effect of bradykinin B receptor2

antagonists on the response under study.
Ž .MEN 11270 1–10 nmolrkg i.v. dose dependently

reduced the bradykinin-induced bladder contractions: sta-
tistically significant inhibitory effects lasting 60 min were

Žobserved at the dose of 3 nmolrkg; at the highest dose 10
.nmolrkg the inhibitory effect lasted up to 150 min from

Ž .administration of MEN 11270 Fig. 3A . The inhibitory
Ž .effect of Icatibant 10 nmolrkg against bradykinin-in-

duced bladder contractions was comparable as to both
intensity and time course of inhibition to that produced by

Ž . Ž .an equimolar dose of MEN 11270 10 nmolrkg Fig. 3B .
At this dose level both MEN 11270 and Icatibant practi-
cally suppressed the contraction induced by bradykinin a

Ž . Žshort time 5 min after antagonist administration Fig.
.3B . At this same dose level FR173657 was ineffective

Ž .data not shown ; increasing the dose of the non-peptide
Ž .antagonist 10-fold 100 nmolrkg revealed a significant

Žpartial inhibitory effect about 60% inhibition at 5 min
.from antagonist administration which was short-lasting

since no significant inhibition of the response to bradykinin
Žwas evident at 60 min from antagonist administration Fig.

.3B . As compared to the inhibitory effect produced by
Ž .FR173657 100 nmolrkg, Fig. 3B , MEN 11270, at a
Ž .lower dose 3 nmolrkg, Fig. 3A produced the same

extent of inhibition at 5 min from its administration,
whereas after 90 min an inhibitory effect could still be
observed.

4. Discussion

The present results showed that the linear peptide,
Icatibant, its cyclic derivative, MEN 11270, and the non-
peptide FR173657 behave as competitive bradykinin B2

receptor antagonists in the isolated human urinary bladder
smooth muscle, and exhibit comparable affinities for the
bradykinin B receptors expressed in this preparation.2

These compounds have been shown to possess a high
selectivity for bradykinin B receptors in a number of2

Žpreparations Wirth et al., 1991; Asano et al., 1997; Meini
.et al., 1999, this study .

A major aim of this study was to determine the affinity
of MEN 11270, Icatibant and FR173657 for bradykinin B2

receptors expressed in the human detrusor smooth muscle
to combine this information with data on their affinity and
in vivo potency in animal models of cystitis: this type of

information is essential in devising the dose levels of
antagonists to be tested in humans in clinical studies for
assessing a potential therapeutic effect of the drugs in
cystitis.

In order to have a reference value for the apparent
affinity for bradykinin B receptors in the rat bladder, a2

few experiments were performed with this preparation: the
results both indicate that the three compounds are equief-
fective as bradykinin B receptor antagonists in this prepa-2

ration and, assuming competitive antagonism, suggest that
the affinity for bradykinin B receptors in the rat urinary2

bladder is largely superimposable onto that measured in
the human isolated detrusor muscle. Thus, although there
is evidence for some species differences in the pharmacol-

Žogy of bradykinin B receptor antagonists Paquet et al.,2
.1999 , our data indicate that rat urinary bladder is a good

model for predicting the potency of bradykinin B receptor2

antagonists in the human urinary bladder smooth muscle.
Interestingly, when investigated in an in vivo setting,

MEN 11270 and Icatibant were substantially superimpos-
able for production of a potent and long-lasting blockade
of bradykinin B receptors in the rat urinary bladder.2

Notably, significant antagonism toward bradykinin-in-
duced contraction was observed at doses of antagonists
10–30 fold lower than that of the agonist. The structural
modifications introduced for the development of the linear
peptide, Icatibant, produced a marked increase in the resis-
tance of this compound to peptidases and these character-
istics have been retained in MEN 11270. On the other
hand, despite its non-peptide nature, and despite its good
affinity for rat bradykinin B receptors, FR173657 was2

decidedly less potent and long-lasting than MEN 11270 or
Icatibant for blocking bradykinin B receptors in the rat2

bladder in vivo. Much has been published regarding the in
Žvivo pharmacology of this compound Asano et al., 1997;

Majima et al., 1997; Griesbacher et al., 1998; Hayashi and
.Majima, 1999; Watanabe et al., 1999 : however the most

of these data were obtained after oral administration of
Žquite high doses of the antagonist 3–30 mgrkg in various

.models . To our knowledge no data have been presented
until now with regard to intravenous administration of
FR173657 and blocking bradykinin B receptors in vivo.2

The reasons why FR173657 is, if compared to MEN 11270
and Icatibant, much less potent in vivo than expected on
the basis of its affinity for bradykinin B receptors in vitro2

cannot be ascertained at present. It is possible that differ-
ences in distribution andror liver uptake and inactivation
of this compound hampered its in vivo action.

In conclusion, the present data show that MEN 11270,
Icatibant and FR173657 are potent bradykinin B receptor2

antagonists in both rat and human bladder, but that only
MEN 11270 and Icatibant retain favourable characteristics
Ž .duration and potency in vivo. Therefore, the latter antag-
onists are likely candidates for exploring the role of kinins
acting through bradykinin B receptors in the pathophysi-2

ology of cystitis.
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