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1 Prostanoids, generated from cyclooxygenase (COX) isoenzymes, play a role in the physiological
function of the lower urinary tract and are important mediators of in¯ammatory hyperalgesia. The
present work evaluates the e�ects of the COX-1/COX-2 inhibitor dexketoprofen as well as of a
selective COX-2 inhibitor, NS-398, on urodynamic function following endotoxin (LPS) or
cyclophosphamide (CYP)-induced in¯ammation of the urinary bladder.

2 The application of arachidonic acid (330 mg rat71) onto the serosal surface of the urinary bladder
in control rats elicited bladder contractions which could be blocked in a dose-dependent manner by
dexketoprofen (0.1 ± 3 mg kg71, i.v.) but not by NS-398 (0.2 ± 6 mg kg71, i.v.).

3 Dexketoprofen (3 mg kg71, i.v.) decreased the micturition frequency and increased the pressure
threshold for triggering the micturition either when administered within 15 min or 3 h following
surgery in control animals. NS-398 (6 mg kg71, i.v.) decreased the micturition frequency and
increased the pressure threshold when administered 3 h but not 15 min following surgery.

4 Administration of LPS (2 mg kg71, i.v., 90 ± 120 min) increased both the micturition frequency
and the pressure threshold for triggering the micturition re¯ex. Changes in urodynamic parameters
induced by LPS were prevented by doses of either dexketoprofen (1 mg kg71, i.v.) or NS-398
(2 mg kg71, i.v.) which were ine�ective in control animals.

5 Pretreatment with CYP (150 mg kg71, i.p., 48 h) increased the micturition frequency, pressure
threshold, and the minimal intravesical pressure but decreased the mean amplitude of micturition
contractions. In CYP-treated rats, dexketoprofen (1 mg kg71, i.v.) or NS-398 (2 mg kg71, i.v.)
blocked the CYP-induced urodynamic changes with exception of the micturition contraction
amplitude.

6 These results indicate that COX-1 may be involved in modulating the threshold for activating the
micturition re¯ex in the normal rats and also demonstrates that inhibition of COX-2 prevents or
reverses the urodynamic changes associated with bladder in¯ammation induced either by surgery,
LPS or CYP treatments.
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Introduction

Prostanoids are products of enzymatic transformation of

arachidonic acid by cyclooxygenase (COX) isoenzymes. Two
distinct forms of COX enzymes have been identi®ed: COX-1 is
constitutively expressed in most cells and results in the
production of prostanoids involved in physiological processes,

whereas COX-2 is upregulated in response to in¯ammatory
stimuli such as cytokines and lipopolysaccharide (LPS)
(Mitchell & Warner, 1999). Although most non-steroidal

anti-in¯ammatory drugs are nonselective inhibitors of COX
enzymes (Mitchell et al., 1993), selective COX-2 inhibitors such
as NS-398 have recently become available (Futaki et al., 1993;

1994; Vane & Botting, 1995). These selective COX-2 inhibitors
are thought to exhibit less gastrointestinal or renal toxicity
while retaining analgesic, anti-in¯ammatory and antipyretic
activity (Futaki et al., 1993; 1994).

In the urinary bladder both the urothelium and the smooth
muscle retain COX activity (Brown et al., 1980). Prostanoids,

generated following bladder stretch (Gilmore & Vane, 1971;

Poggesi et al., 1980) are thought to play a physiological role in
lower urinary tract function. It has been demonstrated that
these mediators contribute to the basal tone of the detrusor
and/or modulate the activity of e�erent and/or a�erent bladder

nerves (Maggi, 1992; Andersson, 1993 for reviews). In
addition, systemic or topical administration of prostanoids on
the mucosal or serosal surface of the urinary bladder has been

shown to stimulate the micturition re¯ex (Bultitude et al.,
1976; Khalaf et al., 1980; 1981; Maggi et al., 1984; Ishizuka et
al., 1995). This e�ect may be due to activation of capsaicin-

sensitive bladder a�erents, since prostanoid-induced bladder
hyperre¯exia (following topical administration of prostanoids)
can be blocked by pretreatment with capsaicin or with
tachykinin receptor antagonists (Maggi et al., 1988; Ishizuka

et al., 1995). Thus, prostanoids (released during smooth muscle
stretch during ®lling) may regulate the threshold for activating
the micturition re¯ex by stimulating or sensitizing capsaicin-

sensitive bladder mechanoreceptors (Maggi et al., 1988;
Maggi, 1992).*Author for correspondence.
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In¯ammation or damage of the urinary bladder or bladder
epithelium (Mikhailidis et al., 1987; Andersson, 1993; Meini et
al., 1998; Downie & Karmazyn, 1984), exogenous application

of pro-in¯ammatory neuropeptides (Saban et al., 1997; Meini
et al., 1998) or activation of bladder nerves (Alkondon &
Ganguly, 1980) can all promote prostanoid production in the
urinary bladder. An increase in prostanoid production

following injury or in¯ammation may lead to an increase in
neural activity resulting in a bladder hyperactivity. These
®ndings, together with the observations that the urinary

content of prostaglandin E correlates with the onset and the
duration of clinical symptoms of bacterial cystitis (Farkas et
al., 1980) and that COX inhibitors ameliorate detrusor

instability in humans (Cardozo & Stanton, 1980; Cardozo et
al., 1980) suggest that prostanoids are important mediators
following induction of cystitis or in¯ammation of the urinary

bladder. However, the e�ectiveness of selective and non-
selective COX inhibitors in these experimental paradigms have
not been investigated.

This report evaluates the e�ect of NS-398, a selective COX-

2 inhibitor (Futaki et al., 1993) and dexketoprofen, the active
enantiomer of the racemic non-selective COX inhibitor
ketoprofen (Mauleon et al., 1996) on the micturition re¯ex in

the normal rat and following in¯ammation of the lower
urinary tract using cystometrogram recording to evaluate
changes in bladder intravesical pressure. Two distinct models

were used to induce in¯ammation: (1) induction of a bacterial
cystitis following systemic administration of bacterial LPS or
(2) induction of chronic haemorrhagic cystitis following

systemic administration of the chemotherapeutic agent
cyclophosphamide (CYP). In addition, we also evaluated
whether a time dependent (15 min ± 3 h) surgical placement of
a bladder catheter could stimulate COX-2 and alter bladder

re¯exes in the absence of LPS or CYP induced in¯ammation.
The e�ect of dexketoprofen and NS-398 on the activity of
constitutive COX isoform(s) in the urinary bladder was

determined on arachidonic acid-induced bladder motor
responses administered 30 min after the preparation set-up.
The present experiments revealed that COX-1 enzymes may

play an important physiological role in bladder function and
inhibition of COX-2 normalizes bladder re¯exes following an
experimentally-induced in¯ammation of the lower urinary
tract.

Methods

General

Male Wistar rats (350 ± 400 g, Charles River, Calco, Italy)
were used for this study. In order to conduct the physiological
experiments, rats were deeply anaesthetized with urethane

(1.2 g kg71, s.c.). An intravenous cannula (i.v., PE 50 tubing)
was inserted in the right jugular vein for the purpose of drug
administration. Two di�erent preparations were used for
physiological studies: (1) animals in which the urethral outlet

remained open (continuous infusion) or (2) the urethra was
closed via a ligature placed around the urethral ori®ce
(isovolumetric recording).

For continuous infusion, the urinary bladder was exposed
via a midline abdominal incision and cannulated using a
double lumen polyethylene catheter (I.D. 0.71 mm., O.D.

1.5 mm.) implanted into the bladder dome and secured with a
ligature: the urethra remained open to allow voiding. One end
of the catheter was attached to a pressure transducer (Statham
Spectramed P23 XL, Valley View, OH, U.S.A.) in order to

record and measure changes in intravesical pressure (Wind-
ograph Gould, Valley View, OH, U.S.A.; MacLab, ADInstru-
ments Ltd, Hastings, U.K.). The other end of the catheter was

connected to a peristaltic pump (Ismatec IPN, PBI, Italy) to
continuously infuse saline (rate 0.05 ml min71).

For transurethral recordings, a polyethylene catheter
(0.86 mm I.D., 1.27 mm O.D.) was inserted in and secured

to the bladder neck. The urinary bladder was ®lled with a
constant volume of saline (1 ml kg71 body weight) which was
subthreshold (in 84% of vehicle treated animals) for the

activation of the micturition re¯ex.

Control animals: arachidonic acid challenge

Urinary bladder re¯ex contractions (isovolumetric recording)
were elicited by the serosal application of arachidonic acid

(sodium salt, Sigma-Aldrich, Gallarate, Italy, 330 mg rat71 in
100 ml of saline). For topical application onto the bladder
serosa, the bladder was exposed, separated from the adjoining
viscera by a piece of para®lm and covered with a saline-

moistened cotton gauze. The urinary bladder was ®lled with a
subthreshold volume (1 ml kg71) for triggering the micturition
re¯ex. Arachidonic acid was administered 35 min following

surgical implantation of a bladder catheter used to measure
intravesical pressure. Dexketoprofen (tromethamine salt,
Menarini Laboratorios, Barcelona, Spain, 0.1 ± 3 mg kg71,

i.v.), NS-398 (RBI, Natick, MA, U.S.A., 0.2 ± 6 mg kg71, i.v.)
or vehicle (dimethylsulphoxide, 100 ml kg71, i.v.) was adminis-
tered 30 min prior to application of arachidonic acid. Previous

studies using this model determined that high amplitude
(415 mmHg) phasic or re¯ex bladder contractions induced
by topical application of arachidonic acid were due to the
activation of a tetrodotoxin-sensitive bladder-to-bladder re¯ex

(Maggi et al., 1984). Thus, in these experiments, we will
measure the occurrence, frequency and the mean amplitude of
the phasic or re¯ex bladder contractions (4 than 15 mmHg)

as well as the di�erence in area under the curve both (15 min)
prior to and after arachidonic acid challenge.

Control animals: cystometrogram measurements

The e�ect of dexketoprofen and NS-398 on bladder re¯exes
evoked by distension was evaluated by means of transvesical

cystometries. Two di�erent kinds of experiments were
performed. In the ®rst series of experiments, animals were
treated with dexketoprofen, NS-398, or vehicle (10 min) prior

to saline (3 h) infusion. The following urodynamic parameters
were evaluated (6630 min recording periods): (1) micturition
frequency (the number of micturition cycles, or bladder

contractions 45 mmHg, see Figure 1); (2) mean pressure
threshold (threshold intravesical pressure, mmHg, for activat-
ing a bladder contraction); (3) minimal intravesical pressure

(pressure, in mmHg, at the end of each bladder contraction)
and (4) mean amplitude of the micturition contraction
(measured in mmHg). In addition, the bladder capacity,
pressure threshold and the amplitude of micturition re¯ex

contractions were also measured. Because the urinary bladder
myogenic activity did not exceed an intravesical pressure of
5 mmHg, the minimum amplitude of re¯ex bladder contrac-

tion was always 55 mmHg during transvesical cystometry.
In a second series of experiments, two separate doses of

dexketoprofen (0.1 and 3 mg kg71, i.v.) or NS-398 (0.2 and

6 mg kg71, i.v.) were administered (2 h) following cystome-
trogram recordings (1 ± 1.5 h after bladder surgery). The
e�ectiveness of COX inhibitors was reported as the di�erence
between mean baseline measurements (30 min-period prior)
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and mean values of three recording periods (30 min) following
drug administration. There were no signi®cant di�erences in
basal urodynamic values among experimental groups.

Induction of cystitis

Prior to drug administration, baseline cystometrogram

measurements (2 h) were recorded. Irritation of the lower
urinary tract was induced by pretreatment with either LPS
(E.Coli, serotype 0.111:B4, Difco, Detroit, U.S.A., 2 mg kg71

in saline, i.v., 150 min after saline infusion) or CYP
monohydrate, (Sigma-Aldrich, Gallarate, Italy, 150 mg kg71,
dissolved in saline and given i.p. 48 h prior to experimenta-

tion).

Dexketoprofen (1 mg kg71, i.v.), NS-398 (2 mg kg71, i.v.)
or vehicle (dimethylsulphoxide, 100 mg kg71, i.v.) were
administered (30 min prior) to administration of LPS. In a

separate experimental group, rats were treated with either the
COX inhibitor (dexketoprofen, or NS-398) or vehicle
(dimethylsulphoxide) following CYP induced in¯ammation.
These experiments were evaluated as previously described. The

e�ectiveness of COX inhibitors was reported as the di�erence
between mean baseline values (30 min-period prior) and mean
values of 4 ± 5 periods (30 min each) following administration.

Basal urodynamic values did not di�er signi®cantly among
experimental groups.

Statistics

Data are reported as mean+s.e.mean. Statistical analysis was

performed using a randomized one-way or a two-way analysis
of variance for repeated measures. Post hoc test (Fisher's least
signi®cant di�erence, LSD) was performed when the analysis
of variance was signi®cant (P50.05).

Results

Control animals: arachidonic acid challenge

Re¯ex bladder contractions (415 mmHg) could be elicited
following saline infusion (1 ml kg71 body weight) via a
urethral catheter in a small number of either vehicle (1 out

of 24), dexketoprofen- (two out of 33) or NS-398-treated (four
out of 33) preparations. The application of arachidonic acid
(330 mg rat71) onto the urinary bladder serosa triggered a
bladder motor response consisting of a tonic, low amplitude

(515 mmHg) bladder contraction (100% of preparations). In
a large percentage of preparations (58%), the response was
also accompanied by a series of high amplitude (415 mmHg)

re¯ex contractions. The topical application of saline (100 ml
rat71) elicited the high amplitude motor response in a small
number (17%) of animals (Table 1). Dexketoprofen (0.1 ±

3 mg kg71, i.v.) reduced in a dose-dependent manner the
number of bladder contractions as well as the area under the
curve in response to arachidonic acid challenge. NS-398 (0.2 ±
6 mg kg71, i.v.) produced no consistent e�ect on the bladder

motor responses elicited by arachidonic acid. Dexketoprofen
treatment resulted in a signi®cant reduction in both the
incidence of re¯ex contractions and the area under the curve as

compared to animals treated with NS-398. Neither dexketo-

Figure 1 Traces showing the e�ect of dexketoprofen (1 mg kg71,
i.v.), LPS (2 mg kg71, i.v.) or CYP (150 mg kg71, i.p. 48 h before) in
cystometries. The administration of dexketoprofen or LPS is
indicated by the arrow. In X axis is represented the time (h:mins:s)
after having started cystometries, in Y axis the intravesical pressure
(mmHg). (A) Represents the e�ect of dexketoprofen in control rats.
(B) The e�ect of LPS in control rats. (C) The e�ect of LPS in
dexketoprofen-pretreated rats. (D) The e�ect of dexketoprofen in
CYP-pretreated rats.

Table 1 E�ect of dexketoprofen (dexketo) and NS-398 on bladder contractions induced by the application of arachidonic acid (AA,
300 mg/rat) onto the bladder serosa

Treatment
(mg kg71) Challenge

Incidence
of re¯exes

(415 mmHg)

Number
of re¯exes

(415 mmHg)
MAC

(mmHg)
AUC

(mmHg.s71)

Dmso Saline 2/12 0.2+0.2 39.7+12.2 736+204
Dmso AA 7/12* 5.3+2.5* 24.4+2.3 3310+767**
Dexketo 0.1 AA 3/9 4.8+4.0 24.1+2.1 2653+632
Dexketo 1 AA 3/12 2.3+1.5 25.3+3.0 1291+484{
Dexketo 3 AA 2/12{ 0.7+0.4{ 21.6+0.1 780+431{
NS-398 0.2 AA 4/9 2.8+1.8 19.2+1.6 3030+612
NS-398 2 AA 4/12 3.3+1.9 23.9+3.0 2152+484
NS-398 6 AA 7/12+ 1.8+0.8 27.3+3.2 3535+837++

MAC, mean amplitude of re¯ex (415 mmHg) contractions. AUC, area under the curve. The number of re¯exes and values of AUC
represents the mean+s.e.mean of the number of experiments indicated in the denominator of the incidence of re¯exes. Values of MAC
represents the mean+s.e.mean of the number of experiments indicated in the numerator of the incidence of re¯exes. Fisher LSD
(Number of Re¯exes and Area Under the Curve) or exact (Incidence of Re¯ex) test: *P50.05 and **P50.01 vs Dmso-Saline; {P50.05
and {P50.01 vs Dmso-AA; +P50.05 and ++P50.01 vs dexketo 3.
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profen nor NS-398 altered the amplitude of re¯ex contractions
after arachidonic acid challenge (Table 1).

E�ect of COX inhibitors: control conditions

Dexketoprofen (3 mg kg71, i.v.) but not NS-398 (6 mg kg71,
i.v.) increased both the bladder capacity and pressure

threshold for the activation of bladder re¯exes in the ®rst
micturition cycle (25 min following surgery and drug admin-
istration, Table 2). Dexketoprofen reduced the micturition

frequency and increased the pressure threshold (60 min)
following cystometries, whereas NS-398 had no e�ect. The
pressure threshold and the micturition frequency recorded

during the ®rst 30 min in the dexketoprofen-treated animals
were signi®cantly di�erent from corresponding values in the
NS-398-treated group (Figure 2). Neither dexketoprofen or

NS-398 a�ected the mean amplitude of micturition contrac-
tions on the minimal intravesical pressure (data not shown).

Dexketoprofen (3 mg kg71, i.v.) as well as NS-398
(6 mg kg71, i.v.) decreased the micturition frequency and

increased the pressure threshold for the activation of
micturition re¯ex when administered (1.5 ± 2 h) after initial
experimental setup and establishment of baseline cystometry

recordings (Figure 3). There were no signi®cant di�erences in
the e�ectiveness of either dexketoprofen or NS-398. The

administration of 30 fold lower doses of either dexketoprofen
(0.1 mg kg71, i.v.) or NS-398 (0.2 mg kg71, i.v.) had no e�ect
on cystometries (n=12 for each group, data not shown).

E�ect of COX inhibitors: induction of cystitis

The e�ect of dexketoprofen (1 mg kg71, i.v.) or NS-398

(2 mg kg71, i.v.) was tested using ongoing cystometries in two
di�erent models of cystitis or in control conditions. All
antiin¯ammatory drugs were administered 2 h following initial

recording and 3 ± 3.5 h following surgery (Figure 1).
In control animals, dexketoprofen (1 mg kg71, i.v.) did not

signi®cantly reduce the frequency of micturition (Figures 1A

and 4A). There was a signi®cant increase in the pressure
threshold as early as 30 min after drug administration (Figure

Table 2 E�ect of dexketoprofen (3 mg kg71, i.v.) and NS-
398 (6 mg kg71, i.v.) on urodynamic parameters during the
®rst micturition cycle of cytometry performed 15 min after
bladder surgery in control rats.

Treatment

Bladder
capacity
(ml)

Pressure
threshold
(mmHg)

Amplitude of
contraction
(mmHg)

Vehicle 837+159 7.2+0.9 24.7+5.0
NS-398 936+151 7.6+0.9+ 20.0+2.4
Dexketoprofen 1583+354* 11.3+1.5* 17.6+2.9

Each value represents mean+s.e.mean of 10 experiments.
Fishers LSD test: *P50.05 vs Vehicle; P50.05 vs
Dexketoprofen.

Figure 2 E�ect of dexketoprofen (3 mg kg71, i.v.) or NS-398
(6 mg kg71, i.v.) on cystometries performed in control rats 15 min
after bladder catheter insertion. (A) Represents the e�ect on the
micturition frequency. (B) The e�ect on the pressure threshold for
triggering micturition contractions. Fisher's LSD test: *P50.05 vs
time-matched vehicle-treated group; NS-398+P50.05 vs time-
matched dexketoprofen-treated group. Each point and bar represents
mean+s.e.mean of 10 experiments.

Figure 3 E�ect of dexketoprofen (3 mg kg71, i.v.) or NS-398
(6 mg kg71, i.v.) on cystometries performed in control rats 3 h after
bladder catheter insertion and 2 h after having started cystometries.
(A) Represents the e�ect on the micturition frequency. (B) The e�ect
on the pressure threshold for triggering micturition contractions.
Fischer's LSD test: dexketoprofen and NS-398 *P50.05 vs time-
matched vehicle-treated group and vs their own basal values (time 0).
Each point and bar represents mean+s.e.mean of eight experiments.

Figure 4 E�ect of dexketoprofen (1 mg kg71, i.v.) or NS-398
(2 mg kg71, i.v.) on cystometries performed in control rats 3 h after
bladder catheter insertion and 2 h after having started cystometries.
(A) Represents the e�ect on the micturition frequency. (B) The e�ect
on the pressure threshold for triggering micturition contractions.
Fisher's LSD test: dexketoprofen *P50.05 vs time-matched vehicle-
treated group and vs their own basal values (time 0). Each point and
bar represents mean+s.e.mean of 12 experiments.
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4B). Administration of NS-398 (2 mg kg71, i.v.) did not
signi®cantly alter either the micturition frequency or pressure
threshold as compared to vehicle-treated rats (Figure 4A, B).

Neither dexketoprofen nor NS-398 changed the minimal
pressure or the amplitude of micturition contractions in
control animals (data not shown).

Pretreatment with LPS (2 mg kg71, i.v.) resulted in a

bladder hyperactivity as compared to time-matched controls
which peaked 120 min from the time of LPS administration
(Figures 1B and 5A). This hyperactivity was also associated

with an increased pressure threshold (Figure 5B). Neither the
minimal intravesical pressure nor the amplitude of contrac-
tions signi®cantly changed over the time-course of the

experiment (data not shown). Either dexketoprofen
(1 mg kg71, i.v.) or NS-398 (2 mg kg71, i.v.), administered
prior to induction of in¯ammation with LPS, prevented the

increase in micturition frequency (Figures 1C and 5A). The
pressure threshold was signi®cantly reduced by NS-398 but not
by dexketoprofen (Figure 5B). Neither dexketoprofen nor NS-
398 signi®cantly changed the amplitude of micturition

contractions or the minimal pressure in LPS-treated animals
(data not shown).

Pretreatment with CYP (150 mg kg71, i.p., 48 h) increased

the number of micturition contractions. The hyperactivity
induced by CYP pretreatment was also associated with an

increase in the pressure threshold for activating the micturition
re¯ex, and with a quantitatively similar increase in the minimal
intravesical pressure. In contrast, the mean amplitude of

micturition contractions was decreased (Figure 1D and Table
3). In CYP-pretreated animals, either dexketoprofen
(1 mg kg71, i.v.) or NS-398 (2 mg kg71, i.v.) reduced the
micturition frequency (Figures 1D and 6A). The e�ect of both

dexketoprofen and NS-398 was signi®cantly greater (P40.01)
in CYP-treated animals than in controls. Following adminis-
tration (60 min) of either dexketoprofen or NS-398, the

pressure threshold was signi®cantly reduced (Figures 6B). In
addition, both dexketoprofen and NS-398 signi®cantly
decreased the minimal pressure (60 min after administration)

as compared to vehicle-treated animals or to their basal values
(Figure 6C). The mean amplitude of re¯ex bladder contrac-
tions was reduced by either compound, but this e�ect was not

statistically signi®cant (Figure 6D).

Discussion

COX-1 and COX-2 isoenzymes, both expressed in the urinary
bladder of adult rodents, are di�erentially regulated. For

example, the levels of COX-2 are subject to both physiological

Figure 5 E�ect of LPS (2 mg kg71, i.v.) on cystometries performed
3 h after bladder catheter insertion and 2 h after having started
cystometries in vehicle- dexketoprofen (1 mg kg71, i.v.)- or NS-398
(2 mg kg71, i.v.)-pretreated rats. The arrow indicates LPS adminis-
tration. (A) Represents the e�ect on the micturition frequency. (B)
The e�ect on the pressure threshold for triggering micturition
contractions. Fisher's LSD test: +P50.05 vs time 0, *P50.05 vs
time-matched vehicle-treated group. Each point and bar represents
mean+s.e.mean of 12 experiments.

Table 3 E�ect of cyclophosphamide pretreatment (150 mg
kg71 i.p., 48 h before) on urodynamic parameters during
ongoing cytometries in urethane anaesthetized rats

Control Cyclophosphamide

Mict. frequency
(cycles in 30min)

3.5+0.2 6.2+0.4**

MAC (mmHg) 35.6+2.4 25.7+2.4**
Pressure threshold
(mmHg)

9.8+0.4 13.8+0.8**

Minimal pressure
(mmHg)

6.3+0.4 9.0+0.6**

Mict., micturition; MAC, mean amplitude of contraction.
Each value represents mean+s.e.mean of 36 experiments.
Student's t-test for unpaired data: **P50.01 vs control.

Figure 6 E�ect of dexketoprofen (1 mg kg71, i.v.) or NS-398
(2 mg kg71, i.v.) on cystometries performed in CYP (150 mg kg71,
i.p., 48 h before)-treated rats 3 h after bladder catheter insertion and
2 h after having started cystometries. (A) Represents the e�ect on the
micturition frequency. (B) The e�ect on the pressure threshold for
triggering micturition contractions. (C) The e�ect on the minimal
pressure. (D) The e�ect on the mean amplitude of micturition
contractions. Fisher's LSD test: dexketoprofen *P50.05 vs time-
matched vehicle-treated group and vs their own basal values (time 0).
Each point and bar represents mean+s.e.mean of 12 experiments.
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(e.g., foetal development) or pathophysiological (e.g., bladder
obstruction) variations in contrast to levels of COX-1
expression, which is constitutively expressed and is not altered

under similar conditions (Park et al., 1997). In the lower
urinary tract, it is well-established that non-selective COX
inhibitors increase both bladder capacity and pressure thresh-
old for activating the micturition re¯ex (Khalaf et al., 1981;

Maggi et al., 1984; 1985; Morikawa et al., 1989), although the
COX isoenzyme responsible for these e�ects is unknown. The
present study suggests that COX-1 isoenzymes have a

functional role in the micturition re¯ex elicited in anaesthetized
rats. While the non-selective COX inhibitor dexketoprofen
increased the bladder capacity and the pressure threshold for

triggering the micturition re¯ex (and consequently decreased
the micturition frequency), the selective COX-2 inhibitor had
no e�ect on these urodynamic measurements (see Table 2 and

Figure 1). These data suggest that a constitutive COX-1 is
involved in the urodynamic changes induced by dexketopro-
fen. Alternatively, since both COX isoforms appear to be
constitutively expressed in the urinary bladder (Park et al.,

1997), it could be speculated that only the blockade of both
COX-1 and COX-2 isoenzymes leads to urodynamic changes
in control conditions.

It is likely that capsaicin-sensitive bladder nerves represent a
target of prostanoids produced by urinary bladder COX
isoforms. The impairment of these nerves obtained by

pretreating adult rats with high doses of capsaicin (50 ±
150 mg kg71) produces urodynamic changes superimposable
to those induced by dexketoprofen. In addition, the e�ect of

COX inhibitors is not observed in capsaicin-pretreated animals
(Maggi et al., 1985; 1988). These and other data suggest that
capsaicin-sensitive a�erent ®bres might be activated by
prostanoids released during urinary bladder stretch which

could lead to an increased a�erent discharge during the ®lling
phase of the micturition re¯ex (Maggi 1992). COX inhibition
has been demonstrated to decrease urinary bladder PGE2

content (2.5 ± 0.4 pg mg71, Morikawa et al., 1989). This type
of inhibition might remove the facilitatory in¯uence of
endogenous prostanoids on capsaicin-sensitive bladder a�er-

ents (Maggi et al., 1988) increasing the pressure threshold for
activating the micturition re¯ex and reducing the micturition
frequency in control animals. Thus, COX isoenzymes present
in the urinary bladder may play a role in modulating normal

bladder function.
Injury to the urinary bladder has also been shown to induce

a prompt, several-fold increase in COX-2 levels (Park et al.,

1997). Tissue injury (such as implantation of bladder catheter
or other surgical invasive procedure) may be a stimulus which
increases COX-2 expression. It has been shown that

implantation of a bladder catheter using sterile technique
results in an increase in PGE2 bladder content (30 fold increase
as compared to unoperated animals) and remains elevated for

at least 1 week (Morikawa et al., 1989). In addition, it has been
shown that racemic ketoprofen does not alter urodynamic
parameters during a non-invasive cystometry in conscious
healthy humans (Malinovsky et al., 1998), suggesting that the

activity of bladder COX-2 isoenzyme can be upregulated
following surgery. In the present study, the e�ect of NS-398 of
dexketoprofen either in control animals (recording 3 h

following surgery), LPS or CYP treated rats was similar (see
Figures 3, 5 and 6). In control animals (recording 3 h following
surgery), NS-398 (6 mg kg71) as well as dexketoprofen (1 or

3 mg kg71) reduced the micturition frequency and increased
the pressure threshold for triggering the micturition re¯ex. In
addition, both dexketoprofen and NS-398 prevent or reverse
LPS-induced alterations in urodynamic parameters or CYP-

induced bladder hyperre¯exia. CYP has been demonstrated to
induce a bladder cystitis, caused by the urinary excretion of
acrolein, a metabolite of CYP (Cox, 1979), thought to

stimulate capsaicin-sensitive bladder a�erents (Maggi et al.,
1992; Ahluwalia et al., 1994). CYP-induced in¯ammation
alters the activity of bladder re¯exes via stimulation of
capsaicin-sensitive bladder a�erents (Maggi et al., 1992).

Following induction of CYP-cystitis, the increase in the
micturition frequency and pressure threshold (also observed
in the LPS model) was accompanied by an increase of the

minimal intravesical pressure (see Table 2). This e�ect could be
due to a reduction in bladder compliance (Lecci et al., 1999)
caused by an increased expression of COX-2 in the smooth

muscle layer (Park et al., 1997), since the CYP-induced
increase in minimal pressure was reversed by both NS-398
and dexketoprofen. The switch of COX activity from COX-1

to the COX-2 isoenzyme could be due to the coexpression of
an inducible phospholipase A2 (the enzyme responsible for the
production of arachidonic acid, the COX substrate) which
preferentially couples with COX-2 (Cirino, 1998). In addition,

it has been shown that low concentrations of the COX
substrate (arachidonic acid) could favour the activity of the
COX-2 isoenyzmes (Murakami et al., 1999). These data might

account for the lack of e�ect of NS-398 on bladder
contractility following arachidonic acid challenge, despite the
possibility of a constitutive expression of COX-2 in the urinary

bladder (Park et al., 1997). Alternatively, as already suggested
for the inhibitory e�ect of dexketoprofen on cystometries
performed 15 min from bladder surgery, the blockade of both

COX isoforms could be necessary to reduce bladder motor
responses induced by arachidonic acid.

The intravesical instillation of lipopolysaccharide (LPS),
the cell wall component of Gram negative bacteria (E. Coli),

has been demonstrated to produce a localized in¯ammatory
response which is accompanied by histological changes in
the bladder wall, in®ltration of neutrophils (Stein et al.,

1996; Olsson et al., 1998) and a bladder hyperactivity (Lecci
et al., 1998). The latter could be abolished by capsaicin
pretreatment or administration of tachykinin NK2 receptor

antagonists (Lecci et al., 1998). In the present study,
systemic administration of LPS results in bladder hyper-
activity accompanied by an increase in pressure threshold to
induce a micturition contraction. This response could be due

to the e�ect of prostanoids on bladder tone and/or smooth
muscle of the bladder base and urethra. In addition,
prostanoids produced following in¯ammation may also

facilitate the release of tachykinins from bladder nerves
located in close proximity to the urothelium, which could
result in bladder hyperactivity (Ishizuka et al., 1995). Thus,

prostanoids can directly stimulate sensory ®bres and also
may sensitize primary a�erents to non-nociceptive stimuli
such as stretch of the urinary bladder or changes in

contractility (Juan & Lembeck 1974; Chahl & Iggo, 1977).
The increase in bladder tone following LPS-induced
in¯ammation was not altered by denervation of the urinary
bladder (bilateral removal of major pelvic ganglia). These

results suggest that the bacterial toxin a�ects bladder
contractility independently from re¯ex activity of the urinary
bladder (Lecci et al., 1999). The involvement of prostanoids

in the LPS-induced increase in the bladder tone is also
supported by data which demonstrates a lack of bladder
motor responses following LPS administration to CYP

treated animals (which exhibited an increase in both bladder
tone and PGE2 levels) (Meini et al., 1998; Lecci et al., 1999).
In addition, the observation that dexamethasone pretreat-
ment prevents both expression of an inducible receptor (the
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kinin B1 receptor) as well as LPS-induced changes in the
bladder tone, suggests that this e�ect could be mediated by
an inducible protein, possibly COX-2 (Lecci et al., 1999).

Another interesting issue emerging from this study is
relative to the potency of selective and non-selective COX
inhibitors in the induction of urodynamic changes in in¯amed
and normal animals. There were signi®cantly larger e�ects

induced by both NS-398 and dexketoprofen in cystometries
performed on LPS- or CYP-treated rats than in surgical
controls. Similar results were obtained when studying the

urodynamic e�ects of indomethacin in controls or in xylene-
treated rats (Morikawa et al., 1990). These results show that
the increased sensitivity to indomethacin or ketoprofen in

models of cystitis does not depend on a preferential activity of

these drugs on COX-2 over the COX-1 isoenzyme (Warner et
al., 1999), since similar responses were detected with the
selective COX-2 inhibitor NS-398. In this respect, a larger dose

(6 mg kg71) of NS-398 was necessary to produce urodynamic
changes in controls, whereas a lower dose (2 mg kg71) was
found to induce similar e�ects in LPS- or CYP-treated rats.

In summary, the present ®ndings provide evidence that

COX-2-generated mediators play a role in the bladder
hyperactivity following bladder in¯ammation induced by LPS,
CYP or surgical procedures. Future studies may determine

whether COX-1-derived prostanoids contribute to the
sensitization of a�erent nerves following bladder surgery in
addition to a physiological role in modulating the micturition

re¯ex.
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