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Abstract

We investigated the role of bradykinin B, receptors in inducing urinary bladder contraction and maintaining bladder compliance in
anaesthetized rats following cyclophosphamide-induced bladder inflammation and the influence of dexamethasone treatment on these
responses. In the group treated with cyclophosphamide the amplitude of the contraction induced by the selective bradykinin B, receptor
agonist des-Arg®-bradykinin was larger than that in controls and dexamethasone prevented the up-regulation of this response induced by
inflammation. The specific binding of [*H]des-Arg®-kallidin to bladder membranes was only detected in cyclophosphamide-treated rats:
this binding was prevented by dexamethasone pretreatment. The bladder contraction induced by des-Arg®-bradykinin in cyclophospha
mide-treated rats was antagonized by the bradykinin B, receptor antagonist des-Arg®-p-Arg-[Hyp? Thi®p-Tic?,0ic®lbradykinin (des-
Arg*-Hoe 140). Cyclophosphamide treatment increased the bladder weight and dexamethasone reversed this effect. Bladder compliance
was decreased in the bladder inflammation group and this effect was partially reversed by dexamethasone pretreatment. Neither
des-Arg'®-Hoe 140 nor the combined administration of des-Arg’°Hoe 140 and the selective bradykinin B, receptor antagonist
p-Arg-[Hyp®,Thi%p-Tic?,0ic®lbradykinin (Hoe 140) affected bladder compliance, thus excluding a role of kinins in the maintenance of
bladder tone during inflammation. These results indicate that: (1) dexamethasone pretreatment ameliorates cyclophosphamide-induced
bladder inflammation; (2) dexamethasone pretreatment prevents cyclophosphamide-induced up-regulation of bradykinin B, receptors; (3)
kinins do not contribute to the increased vesica tone during inflammation. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Kinins are small pro-inflammatory peptides (8-10
amino acids) produced by the proteolytic cleavage of
larger precursors termed kininogens. This process occurs at
sites of inflammation or tissue injury, and therefore it is
believed that kinins play an active role during inflamma-
tion (Bhoola et al., 1992). Two different receptors, initially
identified through pharmacological criteria, mediate the
biological effects of kinins. These receptors, termed
bradykinin B, and B,, can be distinguished on the basis of
the agonist activity of naturally occurring kinins in various
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isolated preparations. Bradykinin B, receptors are selec-
tively stimulated by the plasmakinin called bradykinin and
its tissue counterpart kallidin, whereas selective agonists
for bradykinin B, receptors are metabolites that lack the
C-terminal arginine, namely, des-Arg®-bradykinin and des-
Arg'-kallidin, respectively (Regoli and Barabé, 1980).
This origina classification has been fully confirmed in
cloning experiments in which two different molecular enti-
ties corresponding to the bradykinin B, and B, receptors
were identified (Hess, 1997). Beyond their pharmacologi-
cal properties, the biology of the two receptors differs in
other aspects: one of the most striking differences is that,
with a few exceptions (Marceau et al., 1998), bradykinin
B, receptors are synthesized de novo following inflamma-
tion or tissue injury whereas bradykinin B, receptors are
congtitutively expressed in many cell types (Marceau,
1995). The rat urinary bladder does not make exception to
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this rule: following experimental inflammation, bradykinin
B, receptor-mediated contractile responses have been de-
tected (Marceau et al., 1980). Steroidal anti-inflammatory
drugs like dexamethasone reduce several components of
the inflammatory response (Flower, 1988), including the
expression of bradykinin B, receptors (Marceau, 1995).
Given the potential importance of kinins in determining
symptoms of cystitis (Maggi, 1997; Jaggar et al., 1998;
Rosamilia et al., 1998), this study was aimed at defining
the role of bradykinin B, receptors in the regulation of
bladder smooth muscle tone during bladder inflammation.
For this purpose, we used the modd of cyclophospha
mide-induced haemorrhagic cystitis (Maggi et al., 1992),
an inflammatory condition in which bradykinin B, recep-
tor-mediated contractile responses in isolated bladder strips
are up-regulated (Meini et al., 1998). In this model of
cystitis, we assessed the effect of dexamethasone on the
up-regulation of the bradykinin B, receptor-mediated con-
tractile responses in vivo and on the expression of
bradykinin B, receptors in the bladder. Furthermore, we
determined the effect of cyclophosphamide pretreatment
on bladder compliance during saline infusion. Finally, the
effect of dexamethasone on bladder compliance was com-
pared to the effect of the selective bradykinin B, receptor
antagonist des-Arg®-p-Arg-[Hyp3,Thi®p-Tic’,0ic®]
bradykinin (des-Arg'°-Hoe 140) (Wirth et al., 1991a) alone
or in combination with the selective bradykinin B, recep-
tor antagonist D-Arg-[Hyp® Thi®p-Tic?,0ic®lbradykinin
(Hoe 140) (Wirth et a., 1991b).

2. Material and methods
2.1. In vivo studies

Male Wistar rats (Charles River, Calco, Italy) weighing
330-380 g were treated with cyclophosphamide (150
mg/kg, i.p., 48 h before the experiments) or saline. Dex-
amethasone (1 mg/kg, s.c.) or its vehicle (saine) was
administered 49, 41, 25, 17 and 1 h before the experi-
ments. Experiments were carried out under urethane anaes-
thesia (1.2 g/kg, s.c.), in animas subjected to the acute
(1-2 h before), bilateral removal of the pelvic ganglia
Pelvic ganglia were surgically ablated as previously de-
scribed (Lecci et a., 1994). After ureter ligation, the
urinary bladder was exposed and a polyethylene catheter
(PE 90, 1.D. 0.86 O.D. 1.27 mm) was inserted and secured
to the proximal urethra for intravesical pressure recording.
The free end of the catheter was connected to a pressure
transducer and intravesical pressure was recorded by means
of a polygraph. The left jugular vein was cannulated for
the i.v. administration of compounds. The dose—response
curve for des-Arg®-bradykinin (0.5 log unit dose increase
at 30 min intervals, 1-300 nmol /kg i.v.) was recorded
under isovolumetric (0.5 ml) conditions. After the dose—
response curve was recorded, the contractile effect of the

selective tachykinin NK , receptor agonist [BAla®Ineuro-
kinin A-(4—10) (3 nmol /kg, i.v.) was aso evauated. The
whole experiment lasted about 4 h. The effect of the
selective bradykinin B, receptor antagonist des-Arg'°-Hoe
140 was evaluated on the motor response induced by
des-Arg®-bradykinin in ganglionectomized, cyclophospha-
mide-treated rats. After a 90-min stabilization period, des-
Arg®-bradykinin (100 nmol /kg, i.v.) was administered,
and the bradykinin B, receptor agonist challenge was
repeated three times at 1-h interval. The whole experiment
lasted about 4 h. Des-Arg'®-Hoe 140 (1 wmol /kg, i.v.) or
its vehicle (saline) was injected 10 min before the second
agonist challenge. The effect of the acute dexamethasone
treatment (1 mg/kg, i.v.) on the contractile response in-
duced by des-Arg®-bradykinin (100 nmol /kg, i.v.),
[BAl&Ineurokinin A-(4-10) (3 nmol /Kkg, i.v.), or endo-
toxin (2 mg/kg, i.v.) in control and in cyclophosphamide-
treated rats was evaluated under similar experimental con-
ditions. Briefly, the bladder contraction induced by des-
Arg®-bradykinin or [BAla®Ineurokinin A-(4-10) was de-
termined after a 30-min stabilization period (about 120
min after the surgical procedures for the intravesical pres-
sure recordings). One hour after the first challenge with the
agonists, dexamethasone or saline was administered and
the effect of the bradykinin B, or tachykinin NK , receptor
agonist was assessed again 1 h later. These experiments
lasted about 150 min. The effect of dexamethasone on
endotoxin-induced bladder contraction was assessed 1 h
after the coadministration of endotoxin with dexametha-
sone or vehicle.

Bladder compliance was measured during slow saline
infusion (50 wl/min) in animals subjected to acute abla-
tion of the pelvic ganglia. The effect of Hoe 140 (100
nmol /kg, i.v.) or des-Arg'®-Hoe 140 (1 pmol /kg, i.v.) on
bladder compliance was studied after the determination of
basal compliance 55 min before the antagonist administra-
tion and 60 min before a second measurement of compli-
ance. The intravesical infusion of saline for the bladder
compliance measurement lasted 10 min.

In separate groups of animals, which underwent cyclo-
phosphamide and dexamethasone treatment, the urinary
bladder wet weight was also recorded. In these animals the
urinary bladders were excised after death, emptied of urine
and weighed.

2.2. Binding studies

Rats were treated with cyclophosphamide (150 mg/kg,
i.p., 48 h before the experiments) or saline. Dexametha
sone (1 mg/kg, s.c.) or its vehicle (saline) was adminis-
tered 49, 41, 25, 17 and 1 h before the animals were killed.
The animals were stunned and bled. The bladders were
removed, dissected free of connective tissue, longitudinally
opened, weighed and placed in n-trighydroxymethyl]
methyl-2-aminoethanesul phonic acid buffer (TES 10 mM,
pH 7.4, a 4°C) containing a cocktail of peptidase in-
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hibitors: 1,10 phenanthroline (1 mM), ethylene glycol
bis(3-aminoethyl ether)-N,N,N’, N'-tetraacetic acid (1
mM), captopril, leupeptin, soybean trypsin inhibitor, pL-2-
mercaptomethyl-3-guanidoethylthiopropanocic acid (1 pM
each), chymostatin (3.3 wM), phenylmethyl-sulphonyl flu-
oride (0.1 mM), and bacitracin (140 g/ml). The bladders
were chopped (Mcllwain Tissue Chopper, The Mickle
Laboratory Engineering) and homogenized on ice in 30
volumes of buffer with an UltraTurrax T25 (Janke &
Kunkel, IKA-Labor Technick) set at 24000 rpm. The
homogenate was centrifuged at 1000 X g for 10 min to
remove cellular debris. The supernatant was collected and
the cedlular debris was resuspended, homogenized, and
centrifuged as above. The supernatants were mixed and
centrifuged at 17000 rpm (4°C) for 45 min. The pellet was
resuspended in binding buffer and frozen immediately by
immersion in liquid nitrogen, and then stored at —80°C
until use.

The protein concentration was determined by the method
of Bradford (1976) using a Bio-Rad kit and bovine serum
albumin as reference standard. Immediately prior to use,
frozen membrane aliquots were thawed in binding buffer
(see below) and mixed to give a homogeneous membrane
suspension. The buffer used for binding experiments was
TES (10 mM, pH 7.4) containing 1,10 phenanthroline (1
mM), bacitracin (140 w.g/ml), and bovine serum albumin
(1 g/I). The radioligands [*H]des-Arg™-kallidin and
[3H]bradyki nin, which bind to bradykinin B, and B, recep-
tors, respectively, were used at the concentration of 0.5
nM. Non-specific binding was defined as the amount of
labelled ligand bound in the presence of 1 uM of des
Arg%-kallidin and bradykinin, respectively. The binding
assay was performed in quadruplicate in polypropylene
tubesin afinal volume of 0.5 ml. An incubation time of 90
min at 4°C was used.

All incubations were terminated by rapid filtration of
the assay mixture through Whatman GF/B glass-fibre
filtermats that had been presoaked 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 buffer (50 mM, pH 7.4, 4°C). Filters
were soaked in CytoScint scintillation fluid (ICN Biomedi-
cals) overnight, and bound radioactivity was counted in a
B-scintillation counter (2200 CA, Packard).

2.3. Drugs

Cyclophosphamide monohydrate and dexamethasone
phosphate disodium salt were purchased from Sigma (St.
Louis, MO, USA). Endotoxin from E. coli serotype 0111:
B4 was bought from Difco (Detroit, MI, USA).
[BAl&®Ineurokinin A-(4-10), Hoe 140 and des-Arg'°-Hoe
140 were synthesized in the Chemistry Research Depart-
ment of Menarini Ricerche, Florence, Italy. Des-Arg®-
bradykinin was provided by Peninsula (Merseyside, UK).
[*H]des-Arg™-kallidin (specific activity 91 Ci /mmol), and

[*H]bradykinin (specific activity 90 Ci /mmol) were pro-
vided by Du Pont NEN (Hertfordshire, UK). Des-Arg*°-
kallidin was obtained from Peninsula (Merseyside, UK)
and BK from Neosystem (Strashourg, France). Leupeptin
was obtained from Boehringer Mannheim (Germany) and
DL-2-mercaptomethyl-3-guanidoethylthiopropanoic acid
from Calbiochem (La Jolla, CA, USA). GF/B glass-fibre
filtermats were provided by Brandel (Semat, St. Albans,
Herts, UK). All other materials and reagents were obtained
from Sigma.

2.4. Satistics

One-, two- or three-way analysis of variance followed
by Fisher LSD (least significant difference) test was used
for data anaysis.

3. Results
3.1. In vivo studies

Cyclophosphamide treatment (150 mg/kg, i.p., 48 h
before) induced cystitis, as indicated by the large increase
in bladder weight compared to that of controls. Dexam-
ethasone pretreatment (1 mg/kg, s.c., 49, 41, 25, 17 and 1
h before) did not significantly affect the bladder weight on
its own, but blocked the increase in bladder weight in-
duced by cyclophosphamide (Table 1).

In order to see whether cyclophosphamide treatment
induces changes in the visco-€elastic properties of the blad-
der wall, urinary bladder compliance was measured in
animals subjected to bilateral ablation of the pelvic gan-
glia. This was done to eliminate reflex modulation of
smooth muscle contractility. As shown in Fig. 1, cyclo-
phosphamide-induced inflammation resulted in a dramatic
decrease in bladder compliance. This effect was partially
reversed by dexamethasone pretreatment, which had no
effect on the bladder compliance in control animals (Fig.
D.

In control animals subjected to ablation of pelvic gan-
glia, administration of the selective bradykinin B, receptor
agonist des-Arg®-bradykinin (1-300 nmol /kg, i.v.) elicited

Table 1

Effect of dexamethasone (1 mg/kg, s.c., 49, 41, 25, 17 and 1 h before) or
saline pretreatment on urinary bladder wet weight in control or cyclo-
phosphamide-treated rats

Treatment Bladder weight (mg)

Control Cyclophosphamide
Sdline 86+7 154+ 6°
Dexamethasone 76+5 87+4°

Each value represents the mean+ S.E.M. from 10 experiments. Fisher's
LSD test: ®P < 0.01 vs. saline—control; °P < 0.01 vs. saline-cyclophos-
phamide.
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Fig. 1. Effect of dexamethasone (DEX) (1 mg/kg, s.c., 49, 41, 25, 17
and 1 h before) or saline (SAL) pretreatment on urinary bladder compli-
ance in controls (CTR) or cyclophosphamide (CY P)-treated rats. Each
point and bar represents the mean+ S.E.M. of eight experiments. Fisher’'s
LSD test: “P<0.05 and ““P <0.01 vs. SAL-CYP, °P <0.05 and
°°P < 0.01 vs. SAL-CTR or DEX-CTR, n= 8 for each group.

a smal (<5 mmHg) tonic urinary bladder contraction in
both vehicle- and dexamethasone-pretreated animals (Fig.
2A). In cyclophosphamide-treated rats, this contractile re-
sponse was greatly amplified (= 10 mmHg). Dexametha
sone pretreatment completely prevented the cyclophospha-
mide-induced up-regulation of the bladder contractile re-
sponse to des-Arg®-bradykinin (Fig. 2A). In contrast, the
bladder contraction induced by the selective tachykinin
NK, receptor agonist [BAl&Ineurokinin A-(4-10) (3
nmol /kg, i.v.) did not change after cyclophosphamide or
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Fig. 2. Effect of dexamethasone (DEX) (1 mg/kg, s.c., 49, 41, 25, 17
and 1 h before) or saline (SAL) on the contractile effect induced by (A)
des-Arg®-bradykinin or (B) [BAl&®]neurokinin A-(4-10) in rats with
cyclophosphamide (CYP)-induced urinary bladder inflammation or in
control rats (CTR). Fisher's LSD test: “P < 0.01 vs. SAL-CYP, °P <
0.01 vs. SAL-CTR, n= 8 for each group.

dexamethasone pretreatment (Fig. 2B). The effect of acute
administration of dexamethasone (1 mg/kg, i.v., 1 h be-
fore) was assessed after a control challenge with des-
Arg®-bradykinin (100 nmol /kg, i.v.) or [B Al Ineurokinin
A-(4-10) (3 nmol /kg, i.v.) in both control or cyclophos-
phamide-treated rats. In control animals, about 2 h after
the surgical procedures for the intravesical pressure record-
ings, des-Arg®-bradykinin elicited a small tonic contraction
whose amplitude increased significantly 2 h after vehicle
treatment (Table 2A). Dexamethasone had no effect on the
des-Arg®-bradykinin-induced bladder contraction but re-
duced the time-dependent up-regulation of this response.
In cyclophosphamide-pretreated animals, the bladder con-
traction induced by des-Arg®-bradykinin was larger than in
controls but showed a similar time-dependent increase
after vehicle administration (Table 2B). As in controls,
dexamethasone had no effect on des-Arg®-bradykinin-in-
duced bladder contraction but blocked the time-dependent
up-regulation of this response (Table 2B). In contrast, the
bladder contraction induced by [BAla®Ineurokinin A-(4—
10) did not show time-dependent variations either in con-
trols or in cyclophosphamide-pretreated animals and dexa-
methasone did not affect this response (Table 2A and B).
In controls, the bladder contraction induced by endotoxin
(2 mg/kg, i.v., 1 h before) was prevented by dexametha-
sone coadministration (Table 2A). In cyclophosphamide-

Table 2

Effect of vehicle (saline) or acute dexamethasone treatment (1 mg/kg,
i.v., 1 h before) on the local bladder contraction (after pelvic ganglionec-
tomy) induced by des-Arg®-bradykinin (100 nmol /kg, i.v.), [BAl&éIneu-
rokinin A-(4-10) (3 nmol /kg, i.v.) or endotoxin (2 mg/kg, i.v.) in
control or cyclophosphamide-pretreated rats

(A) Control
Amplitude of the local bladder contraction (mmHg)
Vehicle Dexamethasone
Before After Before After
Des-Arg®- 22+03  45+04° 24404 36404
bradykinin
[BAI&E] 287+35 274439 29.8+3.3 26.9+3.2
neurokinin
A-(4-10)
Endotoxin 45+0.6 0.1+0.2°
(B) Cyclophosphamide
Des-Arg®- 157+15 238+30° 214+32 27+35
bradykinin
[BAIaB] 185+31 155+28 21.7+19 19.74+ 3.6
neurokinin
A-(4-10)
Endotoxin 11+17 -0.7+10

There was a 2-h interval between the two challenges with des-Arg®-
bradykinin or [BAla®]neurokinin A-(4—10). Endotoxin was coadminis-
tered with dexamethasone or its vehicle. The bladder contraction induced
by endotoxin was evaluated 1 h after drug administration. Each value
represents the mean+ S.E.M. of seven to eight experiments. Fisher’s LSD
test: %P < 0.05 and °P < 0.01 vs. before; °P < 0.01 vs. vehicle.
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Fig. 3. Effect of des-Arg'®-Hoe 140 (1 pwmol /kg, i.v.) or its vehicle
(saline) on des-Arg®-bradykinin (100 nmol /kg, i.v.)-induced bladder
contraction in rats with bladder inflammation subjected to acute ablation
of the pelvic ganglia. On the X-axis the time from des-Arg'®-Hoe 140
administration is reported. Each column and bar represents the mean+
S.E.M. of five experiments. Fisher's LSD test: * P < 0.01 vs. vehicle.

pretreated rats endotoxin had no significant effect (Table
2B).

The effect of the selective bradykinin B, receptor an-
tagonist des-Arg°-Hoe 140 (1 wmol /kg, i.v.) was tested
against the bladder contraction induced by des-Arg®-
bradykinin (100 nmol /kg, i.v.) at various times after the
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Fig. 4. Effect of vehicle (panel A) or des-Arg'®-Hoe 140 (1 pmol /kg
i.v., 5 min before) (panel B) or a mixture of des-Arg®-Hoe 140 (1
wmol /kg i.v., 5 min before) and Hoe 140 (100 nmol /kg, i.v., 5 min
before) (panel C), on bladder compliance in the cyclophosphamide-treated
group. Each point and bar represents the mean+ S.E.M. of six experi-
ments. Bladder compliance was measured two times in each animal at
60-min intervals, before (basal) and 5 min after treatment.

antagonist administration in cyclophosphamide-pretreated
animals. The contractile response to des-Arg®-bradykinin
did not vary significantly during the course of the experi-
ment (Fig. 3). This is probably because about 3 h elapsed
between the surgical procedure and the first challenge with
des-Arg®-bradykinin, a time when the time-dependent up-
regulation of bradykinin B, receptor-mediated contractile
response reaches to a plateau (Lecci et a., 1998). At 10
min after its administration, des-Arg®-Hoe 140 almost
abolished (92% inhibition) the bladder contraction induced
by the bradykinin B, receptor agonist; however, at 60 min
the effect of the antagonist was no longer significant (36%
inhibition) and had completely disappeared at 120 min
(Fig. 3.

To determine whether the decrease in bladder compli-
ance observed in cyclophosphamide-treated animals in-
volves tonic smooth muscle contraction elicited by endoge-
nous kinins acting through bradykinin B, and/or B, re-
ceptors, the effect of des-Arg'°-Hoe 140 (1 wmol /Kg, i.v.,
5 min before) on bladder compliance was assessed alone
or in combination with the selective bradykinin B, recep-
tor antagonist Hoe 140 (100 nmol /kg, i.v., 5 min before)
after the induction of inflammation. Compliance measure-
ments could be repeated at 1-h intervals without significant
variations (Fig. 4A). Des-Arg'°-Hoe 140 either alone (Fig.
4B) or in combination with Hoe 140 (Fig. 4C) did not
affect bladder compliance in cyclophosphamide-treated
rats.
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Fig. 5. Effect of saline (SAL, panels A and B) or dexamethasone (DEX,
panels C and D) pretreatment in control (CTR, panels A and C) or
cyclophosphamide-treated rats (CY P, panels B and D) on [>H]des-Arg™®-
kallidin binding to urinary bladder membranes as a function of the protein
content (.g). DPM, disintegrations per min; Tot, total binding (0.5 nM of
[PHldes-Arg™-kallidin; Ns, non-specific binding (0.5 nM of [*Hldes-
Arg'®-kallidin and 1 pM of des-Arg!®-kallidin. Each point and bar
represents the mean+ S.E.M. of four determinations. Fisher's LSD test:
"P <0.01vs Ns.



104 A. Lecci et al. / European Journal of Pharmacology 369 (1999) 99-106

3.2. Binding studies

No specific binding of [*H]des-Arg'-kallidin (a radioli-
gand for bradykinin B, receptors) could be detected in
urinary bladder membranes from control animals pre-
treated with dexamethasone (1 mg/kg, s.c., 49, 41, 25, 17
and 1 h before death) or its vehicle, at any protein concen-
tration investigated (Fig. 5A and C). In contrast, mem-
branes from cyclophosphamide-treated animals displayed
specific binding of [*H]des-Arg'®-kallidin which was sta-
tigtically significant when the assay sample contained 500
png of protein (Fig. 5B). Dexamethasone reversed the
effect of cyclophosphamide on [*Hldes-Arg™®-kallidin
binding because, as in control animals, no specific binding
was present in cyclophosphamide-treated rats pretreated
with dexamethasone (Fig. 5D). With 500 p.g of protein in
each sample the specific bindingwas 9+ 5,23+ 2,9+ 2
and 8 4+ 2% of the total for saline—control, saline—cyclo-
phosphamide, dexamethasone—control and dexametha
sone—cyclophosphamide groups, respectively.

Statistically significant specific binding of [*H]-
bradykinin (a radioligand for bradykinin B, receptors) to
urinary bladder membranes was present in all experimental
groups when 100 g of protein was used in the assay
sample (Fig. 6A to D). With 200 g of protein in each
sample the specific binding was 68+ 2, 69+ 1, 61+ 1
and 59 + 2% of the total for saline—control, saline—cyclo-
phosphamide, dexamethasone—control and dexametha
sone—cyclophosphamide groups, respectively.
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Fig. 6. Effect of saline (SAL, panels A and B) or dexamethasone (DEX,
panels C and D) pretreatment in control (CTR, panels A and C) or
cyclophosphamide-treated rats (CY P, panels B and D) on [*H]bradykinin
binding to urinary bladder membranes as a function of protein content
(ng). DPM, disintegrations per min; Tot, total binding (0.5 nM of
[*H]oradykinin); Ns, non-specific binding (0.5 nM of [*H]bradykinin and
1 wM of bradykinin. Each point and bar represents the mean+ S.E.M. of
four determinations. Fisher's LSD test: “P < 0.01 vs. Ns.

4. Discussion

The present results provide evidence that pretreatment
with steroidal anti-inflammatory drugs, like dexametha
sone, can afford a certain level of protection against uri-
nary bladder damage in a rat model of cystitis induced by
cyclophosphamide. Cyclophosphamide is an alkylating
agent which, at high doses, induces haemorrhagic cystitis
in humans (Watson and Notley, 1973). Besides bladder
inflammation, haemorrhage and oedema, the rat model of
cyclophosphamide-induced cystitis is characterized by de-
trusor hyperreflexia (Maggi et al., 1992; Lecci and Maggi,
1996). In this study we also analyzed the changes in the
visco-elastic properties of the bladder wall (decreased
compliance) unrelated to nervous reflex activity, which
probably represents the animal counterpart of the fibrotic
bladder wall described in humans (Watson and Notley,
1973). Dexamethasone completely antagonized the in-
crease in bladder weight induced by cyclophosphamide
and this may be partly due to the anti-oedema properties of
steroids (Bacci et al., 1993). However, since the cyclo-
phosphamide-induced increase in bladder weight can only
partly be attributed to oedema (Maggi et a., 1992), it is
also possible that chronic dexamethasone treatment im-
proved bladder compliance in animals with bladder inflam-
mation by preventing the tissue hypertrophy induced by
cyclophosphamide. It is, however, noteworthy that in
cyclophosphamide-pretreated rats which were chronically
treated with dexamethasone, bladder compliance was still
lower than in the respective control group, indicating that
oedema and the increase in bladder weight are not the only
factors affecting bladder compliance.

There is evidence that kinins are involved in bladder
inflammation and that the local contractile activity medi-
ated by bradykinin B, receptors greatly increases during
cystitis. For this reasons we studied whether the decrease
in bladder compliance produced by cyclophosphamide in-
volves local kinin formation. Indeed, we found that sus-
tained tonic-type local contractile activity could be €elicited
by bradykinin B, receptor agonists during cyclophospha-
mide-induced bladder inflammation and that chronic dexa
methasone treatment prevented the development of this
response, by preventing the inflammation-induced expres-
sion of bradykinin B, receptors, as indicated by the ab-
sence of specific [*H]des-Arg™-kallidin binding in urinary
bladder membranes from cyclophosphamide-treated ani-
mals pretreated with dexamethasone. As negative control,
dexamethasone pretreatment neither reduced the bladder
contractions induced by tachykinin NK , receptor stimula-
tion, nor inhibited the binding of the bradykinin B, recep-
tor radioligand [*Hlbradykinin to urinary bladder mem-
branes in any experimental group. Moreover, the acute
administration of dexamethasone did not reduce per se the
contractile effect evoked by des-Arg®-bradykinin in both
control and inflamed bladders, although the steroid antago-
nized the time-dependent up-regulation of bradykinin B,
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receptor-mediated contractile responses due to the surgical
manipulations necessary for intravesical pressure record-
ing, in both normal and cyclophosphamide-treated rats
(Lecci et al., 1998). These results support the concept that
anti-inflammatory  steroids inhibit the expression of
bradykinin B, receptors and exclude any direct interfer-
ence of dexamethasone with bradykinin B, receptor-
activated transduction mechanisms (Deblois et al., 1988).
If we consider that part of the anti-inflammatory effect of
steroids is mediated by the synthesis or the release of
lipocortin, a protein that inhibits phospholipase A , activity
(Flower, 1988), and that, after cyclophosphamide pretreat-
ment, the bradykinin B, receptor-elicited detrusor contrac-
tion does not depend on arachidonic acid metabolites
(Meini et al., 1998), the resistance of this response to acute
dexamethasone treatment in the bladder inflammation
group is not a surprising result. However, in the control
group, the time-dependent bradykinin B, receptor-media
ted bladder contractile response was abolished by cyclo-
oxygenase inhibitors (Meini et al., 1998), which suggests
that dexamethasone could have an inhibitory effect. The
lack of an inhibitory effect of dexamethasone on bradykinin
B, receptor-elicited contraction in control animals can be
explained either by the presence of dexamethasone-
resistant, interleukin-1-stimulated phospholipase A, activ-
ity (Kol et al., 1998) and/or by the triggering of phospho-
rylation processes that greatly reduce the inhibitory activ-
ity of lipocortin on phospholipase A , (Flower, 1988). It is
also worth noting that, although a certain level of constitu-
tive expression of bradykinin B, receptor mRNA has been
detected in the rat urinary bladder (Luccarini et al., 1998;
Belichard et al., 1998), no bradykinin B, receptor-€licited
contractions are evident until 30 min after the surgical
procedures necessary for bladder pressure recordings in
vivo (Lecci et al., 1998). Furthermore, no specific binding
of [*Hldes-Arg™®-kallidin was detected in urinary bladder
membranes from control rats, whereas this binding was
present in cyclophosphamide-treated animals. In agreement
with the latter finding, it was found that cyclophospha
mide-induced bladder inflammation resulted in an in-
creased expression of mRNA for bradykinin B, receptors
(Luccarini et a., 1998).

Despite the evidence for the expression of bradykinin
B, receptors mediating bladder smooth muscle contraction
after cyclophosphamide-induced inflammation, the selec-
tive bradykinin B, receptor antagonist des-Arg*°-Hoe 140
(Meini et al., 1996) either adone, or in combination with
the selective bradykinin B, receptor antagonist Hoe 140
(Maggi et al., 1993), did not modify bladder compliance in
cyclophosphamide-treated rats. These results exclude that
endogenous kinins participate in the maintenance of vesi-
cal tone during bladder inflammation, although they do not
exclude that the target(s) or the role of kinins may be
different from those considered here. For instance, Hoe
140 reduces bladder hyperreflexia and oedema in the
cyclophosphamide model (Maggi et al., 1993; Ahluwalia

et al., 1994), possibly by blocking the effects of bradykinin
acting at bradykinin B, receptors located on sensory nerves
(Maggi et al., 1993; Ahluwdia et al., 1994; Lecci et d.,
1995). Furthermore, in agreement with the above hypothe-
sis, recent evidence implicates bradykinin B, and B, re-
ceptors in the bladder hyperreflexia induced by the intrav-
esical administration of turpentine oil (Jaggar et al., 1998),
athough the contribution of bradykinin B, receptors be-
comes relevant only some hours after the induction of
inflammation.

Given the interactions between dexamethasone pretreat-
ment and the effects of cyclophosphamide, changes in the
therapeutic efficacy of this latter drug must be carefully
evaluated. For instance, it has been reported that arachi-
donic acid-elicited apoptosis is reversed by dexamethasone
in a model of hepatoma (lidia et al., 1998), and we know
that prostanoids are important mediators of cyclophospha-
mide-induced inflammation (Meini et al., 1998). However,
the combination of cyclophosphamide and steroids is fre-
quently used with the aim to reduce nausea and vomiting
during chemotherapy (Stewart, 1996), to improve anti-
blastic activity in certain solid tumors (Haynes, 1990;
Taylor et a., 1997), or to increase the immunosuppressant
effect of the single drug in tumors or other diseases of the
immune system (Haynes, 1990; Huicochea Grobet et al.,
1996). Although the occurrence of haemorrhagic cystitis
has been reported following this combined treatment
(Huicochea Grobet et a., 1996), no systematic studies are
presently available that show whether the protection pro-
vided by dexamethasone against cyclophosphamide-
induced damage of the urinary bladder is confined to
animals or whether it also occurs in human patients.

In conclusion, the present study provides evidence for a
preventive action of dexamethasone against the decrease in
bladder compliance and the up-regulation of bradykinin B,
receptor expression following cyclophosphamide treat-
ment. However, the reduced bladder compliance observed
in animals with bladder inflammation does not depend on
detrusor muscle contraction evoked by the stimulation of
bradykinin B, and/or B, receptors by endogenous kinins.
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