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Abstract

Introduction. Eicosanoids play an important role in urinary bladder function and potentially in the pathophysiology
underlying its dysfunction (e.g. overactive bladder – OAB). Eicosanoids may influence on the bladder activity directly
and/or indirectly, as well as modulate bladder afferent innervation. The attenuation of sensory function via modulation of
prostaglandins (PGs) pathways with non- or selective COX inhibitors represents an alternative management option in OAB
patients. However, the frequency and severity of side-effects limit the usefulness of these drugs. Thus, modulation of
arachidonic acid peroxidation pathway (TNF-α)-dependent may become the alternative option, but the role of TNF-α in
urinary bladder activity still remains unclear.
Purpose. The aim of the study was to evaluate the functional effects of arachidonic acid peroxidation inhibitor (pentoxy-
phylline - PTX) on the course of the experimental hyperosmolar urinary bladder overactivity in rat.
Material&Methods. The study was performed on 30 female rats, which were randomly divided into four groups: I – control
group (n=12), II – rats with hyperosmolar OAB (n=6), III – rats with hyperosmolar OAB and PTX treatment (n=6) and IV –
control group with PTX pretreatment (n=6). Cystometry was performed 1h after surgical procedure in all groups. PTX
(40mg/kg) was given intraperitoneally, 30 minutes after OAB induction (group III) or before isotonic saline infusion (group
IV). OAB was induced by intravesical infusion of hyperosmolar saline (2080 mOsm/l). All the surgical procedures and
urodynamic studies were performed under urethane anaesthesia. The measurements in each animal represent the average
of five bladder micturition cycles, after obtaining repetitive voiding.
Results. Hyperosmolar saline led to a significant decrease of intercontraction interval, functional bladder capacity with an
increase of non-voiding contractions (NVCs) frequency, basal pressure, detrusor overactivity and motility index. In healthy
rats PTX caused a significant decrease of threshold and micturition voiding pressure, and improved bladder compliance. In
case of hyperosmolar-induced OAB rats the majority of changes after PTX treatment were concerned with intravesical
bladder pressure and compliance, as follow: a significant decrease of threshold, and micturition voiding pressure, as well
as an increase of compliance. Additionally, PTX caused utmost decrement of detrusor overactivity index. 
Conclusions. PTX changes the contraction profile and bladder compliance of the healthy and hyperosmolar-induced
overactive urinary bladders. The modulation of arachidonic acid peroxidation pathway (TNF-á)-dependent using
pentoxyphyline may ameliorate some lower urinary tract symptoms (urgency, urge incontinence, bladder sensations and
pain) and become an alternative option in OAB or painful bladder syndrome treatment.
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eeIntroduction
Eicosanoids are a family of oxygenated metabolites

of arachidonic acid, including the prostaglandins (PGs),
thromboxanes, leukotrienes and lipoxins. These lipid
mediators play essential roles in normal cellular ho-
meostasis as well as in a number of disease states [1].
Also eicosanoids play an important role in lower uri-
nary tact function (especially urinary bladder) and po-
tentially in the pathophysiology underlying its dys-
function (e.g. overactive bladder – OAB) [2-4]. Eicosa-
noids are synthesized in detrusor muscle and urothe-
lium. PGs are spontaneously released in response to
bladder distension or outlet obstruction, as well as to
chemical irritation [5]. Eicosanoids may influence
bladder activity directly and/or indirectly, as well as
seem to modulate bladder afferent innervation func-
tion. The hypersensitization of afferent excitability in
the etiology of OAB has been postulated. Also multiple
receptors, mediators, functional roles and sites of
action of PGs in the control of urinary bladder afferent
innervation and stimuli transmission have been identi-
fied with several potential therapeutic opportunities
for OAB [6]. Therefore attenuation of sensory function
via modulation of PGs pathways with non- or selective
COX inhibitors represents an alternative management
option in OAB patients.

Eicozanoids are the products of arachidonic acid
peroxidases pathway in which two enzymes play a
pivotal role, such a cyclooxygenase (COX) and lipooxy-
genase. The two different pharmacological ways of the
blockage of arachidonic acid metabolism were
described. The first one is based on the decrement of
TNF-α production, and the second one on direct
influence on COX activity [7,8].

Some clinical studies evaluating the efficacy of COX
inhibitors (indometacin and fluribiprofen) in patients
with OAB were encouraging. However, the frequency
and severity of side-effects (gastrointestinal, renal and
cardiovascular) of such treatment limit the usefulness
of these COX inhibitors in OAB daily treatment [9,10].
Clinical and in vitro studies revealed that TNF-α and
free oxygen radicals stimulates the metabolism of free
fatty acids and secondarily influence eicosanoids
secretion in the arachidonic acid metabolic pathway
inducing eicosanoids overproduction [11-14]. Thus,
modulation of arachidonic acid peroxidation pathway
(TNF-α)-dependent may become the alternative
option in OAB treatment, however the role of TNF-α in
urinary bladder activity still remains unclear.

Purpose
The aim of the study was to evaluate the functional

effects of arachidonic acid peroxidation inhibitor
(pentoxyphylline) on the course of the experimental
hyperosmolar urinary bladder overactivity in rat.

Material and Methods
Animals. The study was performed on thirty adult

female Wistar rats (weight: 200-275g). Rats were
housed individually per cage. The animal room was
maintained at a constant temperature of 23°C, humi-
dity and a 12:12h alternating light-dark cycle. They
were fed with animal food (Labofeed; Kcynia, Poland)
with any restraint to water. The study has been ap-
proved by the Regional Animals Ethical Committee.

Experimental urinary bladder overactivity. Blad-
der afferent C-fibres play a key role in micturition reflex
regulation in OAB [15]. Hyperosmolarity determines
the local effector function of these nerves by changes
in vanilloid receptors activity. Hypertonic urine may
penetrate submucosal layers of urinary bladder and
activates capsaicin-sensitive C neurons and conse-
quently, induce neurogenic inflammation leading to
OAB [16]. Kulick’s et al. concluded that the 16 hours of
water deprivation proved sufficient to determine urine
concentrating ability of kidneys. The urine concen-
tration tests in female rats revealed that mean urine
osmolarity was 2080 mOsm/l [17]. Previous study
revealed that hypertonic saline within physiological
osmolarity range induce concentrated-dependent
OAB. Therefore, the OAB was induced by constant
intravesical infusion of hyperosmolar solution of saline
of its concentration at 2080 mOsm/l and at a rate of
0,046 ml/min, as previously described [10].

Anaesthesia. All the surgical procedures and uro-
dynamic studies were performed under anaesthesia
with intraperitonealy injection of 1,2 g/kg urethane
(Sigma-Aldrich, St. Louis, USA) [10,15].

Surgical procedure. Bladder catheter implantation:
under urethane anaesthesia, the abdomen was ope-
ned through a midline incision and the bladder end of
the polyethylene catheter (o.d. 0,97mm/ i.d. 0,58mm;
BALT, Poland) was passed through a 1mm incision at
the apex of the bladder dome and secured in place by
silk ligature 4-0, as previously described [10,15,18].

Urodynamic studies. Cystometry was performed
under urethane anaesthesia after a 1h recovery period
from the surgical procedure. Room temperature
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ee isotonic (group I and IV) or hyperosmolar (group II and
III) saline was infused at a rate of 0,046 ml/min. conti-
nuously into the bladder. The free end of the implan-
ted catheter was connected via T-stopcocks to a pres-
sure transducer (UFI, MorroBay, CA, USA) and infusion
pump (Unipan340A, Poland). Cystometry was record-
ed using ML110-BridgeAmp (ADInstruments, Australia)
hardware and PowerLab/8SP (ADInstruments, Castle
Hill, Australia) software, as previously described (Fig.1)
[19,20].

Study protocol. All animals were randomly divided
into four groups: group I – control group (n=12), group
II – rats with hyperosmolar OAB (n=6), group III – rats
with hyperosmolar OAB and pentoxyphyline (PTX)
treatment (n=6) and group IV – control group with PTX
pretreatment (n=6). Cystometry was performed 1h
after surgical procedure in all groups. PTX (Polfa,
Poland) in dose of 40 mg/kg was given intraperi-
toneally, 30 minutes after OAB induction (group III) or
before isotonic saline infusion (group IV). Pentoxyphyl-
line suppresses the synthesis of TNF-α in cell cultures,
and in vivo, and also protects experimental animals
against endotoxin shock [21]. The measurements in
each animal represent the average of five bladder
micturition cycles, after obtaining repetitive voiding.
The following cystometrogram‘s (CMGs) parameters
were recorded: BP - basal pressure [cmH20], PT – thres-
hold pressure [cmH20], MVP – micturition voiding pres-
sure [cmH20], ICI – intercontraction interval [min.],
Compliance [ml/cmH20], fBC – functional bladder ca-
pacity [ml]. Moreover, we calculated MI – motility index
[cmH20 x s/min.] in 10-minute intervals. In addition, we
analysed DI – detrusor index [cmH20/ml] in group I and
DOI - detrusor overactivity index [cmH20/ml] in other
groups [19], depicted as quotient of the sum of am-
plitudes of all detrusor contractions during filling
phase and functional bladder capacity [22]. 

Statistical analysis. The results are expressed as
mean and standard deviation (± SD). Kruskal-Wallis

test was used to compare groups and “post hoc”
multiple comparison tests were used for statistically
significant results. Statistical significance was set at p ≤
0.05 for all tests.

Results
Hyperosmolar-induced urinary bladder overacti-

vity (OAB). The hyperosmolar saline (2080 mOsm/l)
intravesical infusion induced OAB. In comparison with
normal rats, a significant decreases of intercontraction
intervals (104%) and functional bladder capacity
(100%) were observed. As well as, an increase of basal
pressure (118%), detrusor activity (413%) and motility
index (33%) occurred (Tab.1, Fig.2, Fig.3). No statistical
differences of threshold, micturition voiding pressure
and compliance were obtained.

Effect of pentoxyphyline (PTX) on hyperosmolar-
induced bladder overactivity. In rats with OAB, in res-
ponse to intraperitoneally administration of PTX a sig-
nificant decrease of threshold pressure (of about 68%),
micturition voiding pressure (of about 82%) and

Fig. 1  The scheme of cystometric equipment in animal study. 

Fig. 2.  Cystometric trace in normal, isotonic (308 mOsm/l) rats (group I
– control). (The figure shows 20-minutes interval (horizontal axis).

Vertical axis estimates intravesical pressure of (-5) - 40 cmH2O range.)

Fig. 3.  Cystometric trace in rats with hyperosmolar-induced bladder
overactivity (2080 mOsm/l) rats (group III).  (The figure shows 20-

minutes interval (horizontal axis). Vertical axis estimates intravesical
pressure of (-5) - 40 cmH2O range.)



2211nr. 1 / 2011 • vol 10 Revista Românæ de Urologie

SStt
uudd

iiii 
ccll

iinn
iicc

eedetrusor overactivity index (of about 340%) were
observed. Additionally, bladder compliance increased
significantly (of about 195%). No statistical differences
of basal pressure, intercontraction interval, functional
bladder capacity and motility index were obtained
(Tab.1, Fig.4).

Effect of pentoxyphyline (PTX) on bladder motor
activity in normal rats. The PTX given intraperitonealy
in 40 mg/kg dose in normal rats caused significant
decrease of threshold pressure (of about 171%) and
micturition voiding pressure (of about 51%), as well as
increment of bladder compliance (of about 439%).
Other cystometric parameters changes, as follows: ba-
sal pressure, intercontraction interval, functional blad-
der capacity, detrusor and motility index, were statisti-
cally insignificant.

Fig. 4.  Cystometric trace in rats with hyperosmolar-induced bladder
overactivity (2080 mOsm/l) and pentoxyphyline treated rats (group III).

(The figure shows 75-minutes interval (horizontal axis): 30 min. 
prior (green colour) and 45 min. after (orange colour) pentoxyphyline

administration. Vertical axis estimates intravesical 
pressure of (-5) - 40 cm H2O range.)

Fig. 5.  Cystometric trace in normal, isotonic (308 mOsm/l) and
pentoxyphyline treated rats (group IV). (The figure shows 20-minutes

interval (horizontal axis). Vertical axis estimates intravesical pressure of
(-5) - 40 cmH2O range.)

Table 1. Cystometrogram’s parameters in normal rats (group I), in hyperosmolar OAB rats without and after pentoxyphylline treatment
(group II and III, respectively) and in normal rats after pentoxyphylline treatment (group IV).



2222 Revista Românæ de Urologie nr. 1 / 2011 • vol 10

SStt
uudd

iiii 
ccll

iinn
iicc

ee Discussion
In response to cellular stimuli arachidonic acid is re-

leased from cell’s membrane phospholipids by phos-
pholipases A2 and may become oxygenated bioactive
molecules called eicosanoids. Free arachidonic acid
may be metabolized along the COX pathway, involving
COX-1 and COX-2, along with terminal synthases, to
generate prostaglandins (PGs) and thromboxanes.
Alternatively, this fatty acid may be oxidized along the
lipooxygenase pathway to produce several classes of
leukotrienes and lipoxins [1,23,24]. The metabolites of
arachidonic acid play an important role in pathoge-
nesis of inflammation, fever, thrombosis, atheroscle-
rosis, asthma and carcinogenesis. Therefore, the drugs
that can perturb eicosanoids synthesis and action have
been developed and are widely used. However, in
patients with overactive bladder, the blockade of PGs
synthesis by COX inhibition is associated with incon-
sistent therapy efficacy and side effect limitations.
Therefore, the alternative approaches to modulate
eicosanoids pathways are required. 

Besides COX inhibitors, the suppression of TNF-α
production leads to the blockage of arachidonic acid
metabolism and eicosanoids synthesis. Pentoxyphyl-
line (PTX) is able to influence in vitro, as well as in vivo
on production of cytokine including TNF-α [25]. Also,
PTX has haemorheological activity, thought to be
based on its ability to reduce blood viscosity and in-
crease the filterability of blood cells [26]. PTX inactivate
phosphodiesterase, an enzyme important in TNF-α
synthesis at mRNA transcription stage [27]. 

In the works devoted to the delineated subject
matter, there are no data concerning the role of TNF-α
in micturition and pentoxyphyline impact on urinary
bladder motor activity in animals and humans. Thus,
the study was designed to evaluate the functional
effects of PTX on the urinary bladder motor activity in
hyperosmolar-induced overactive bladder rats.

The cystometric evaluations demonstrate that
hyperosmolar (2080 mOsm/l) saline infusion leads to a
significant decrease of intercontraction interval
(104%), functional bladder capacity (100%) with an in-
crease of non-voiding contractions (NVCs) frequency,
basal pressure (118%), detrusor overactivity (413%)
and motility (33%) index. A marked influence of intra-
peritoneally administration of PTX in 40 mg/kg dose on
urinary bladder activity in normal and hyperosmolar-
induced OAB rats were observed. In healthy rats PTX
leads to a significant decrease of threshold (171%) and
micturition voiding pressure (51%), and to improve-

ment of bladder compliance (increase of 439%). Also,
in case of hyperosmolar-induced OAB rats the most
changes after PTX treatment were concerned with in-
travesical bladder pressure and compliance, and which
were as follows: a significant decrease of threshold
(68%), and micturition voiding pressure (82%), as well
as an increase of compliance (195%). Additionally, PTX
caused utmost decrement of detrusor overactivity
index (340%), which was a result of impairment of
detrusor muscle contraction characterised by inhibi-
tion of NVCs) generation and reduction of contrac-
tion’s amplitude (micturition voiding pressure value)
with co-existence of stable intercontraction interval
and functional bladder capacity, as compared to
control rats with hyperosmolar-induced OAB.

The results of the current experiment show that
PTX changes the contraction profile and bladder com-
pliance of the healthy and overactive urinary bladders.
Ouslander [28] described that the symptoms of
overactive bladder are usually attributed to involun-
tary contractions of the detrusor muscle. The mecha-
nism of PTX and TNF-α in micturition regulation re-
mains unclear. One of the theories of OAB develop-
ment is based on the changes of bladder afferent
nerves activity dependent on PGs pathways. In detru-
sor muscle cells the prostanoids receptors were
described. Supposedly, the pivotal role of these recep-
tors is to intensify the acetylcholine release from choli-
nergic nerves fibres endings. Also, PGs contribute to
the basal tone of the detrusor and/or modulate the
activity of efferent and/or afferent bladder nerves
[29,30]. Micturition reflex is stimulated by systemic or
topical administration of PGs on the mucosal or serosal
surface of the urinary bladder [31-34]. PTX decreases
the eicosanoids release as a result of inhibition of TNF-
α secretion. Clinically the severity of OAB symptoms
defines the grade of bladder overactivity, which partly
depends on the profile of non-voiding and micturition-
voiding induced contractions. It also seems to be
dependent upon bladder wall tension/stress/ (charac-
terized by intravesical basal and threshold pressure) and
compliance, which are determined by the ability of
detrusor muscle cells to relax. The significant changes
in the value of threshold pressure may determine the
severity of LUTS, such as urgency. Thus, in the course of
OAB or painful bladder syndrome, PTX treatment by
suppression of NVCs and reduction of detrusor
contraction amplitude may ameliorate some lower uri-
nary tract symptoms (LUTS) such as: urgency, urge in-
continence, bladder sensations and pain. Also, due to



2233nr. 1 / 2011 • vol 10 Revista Românæ de Urologie

SStt
uudd

iiii 
ccll

iinn
iicc

eethe lack of changes in intercontraction interval and
bladder capacity during PTX treatment, such treat-
ment presumably has no benefits for frequency and
nocturia occurrence. 

Conclusion
Pentoxyphyline changes the contraction profile

and bladder compliance of the healthy and hyper-
osmolar-induced overactive urinary bladders. The
modulation of arachidonic acid peroxidation pathway
(TNF-α)-dependent using pentoxyphyline may amelio-
rate some lower urinary tract symptoms (urgency, urge
incontinence, bladder sensations and pain) and be-
come the alternative option in urinary bladder over-
activity or painful bladder syndrome treatment.
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