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THE UROTHELIUM AND OVERACTIVE BLADDER

The urothelium has been shown to be a responsive structure for
both sensor (ability to respond to thermal, mechanical and chemical
stimuli) and transducer (ability to release chemicals) functions. The
afferent nerves and urothelial cells in the bladder have common prop-
erties including the expression of certain receptors and ion channels
(such as transient receptor potential vanilloid receptor 1, TRPV-1), the
purinergic receptor P2Xs, and the sensory neuropeptides substance P
and calcitonin gene-related peptide (CGRP) [1-3]. Patients with neu-
rogenic detrusor overactivity (NDO) due to spinal cord lesions were
found to have increased TRPV-1 and P2X3 expression in suburothelial
innervation [4]. Women with idiopathic detrusor overactivity (IDO) were
found to have increased density of suburothelial substance P and CGRP
immunoreactive fibers compared to controls [3].

The actual pathophysiology of detrusor overactivity (DO) after
neurogenic lesions, bladder outlet obstruction (BOO) and ageing has
not been well explored. The P2X3 receptors are co-localized with TRPV-
1 receptors and are believed to be involved in afferent pathways that
control urinary bladder volume reflexes [5]. Increased stretch activated
adenosine triphosphate (ATP) release has been reported from human
urothelial cells cultured from the bladders of patients with interstitial
cystitis and spinal cord injury.

ROLE OF C FIBERS IN OVERACTIVE BLADDER

In the mammalian bladder, unmyelinated sensory afferent C-fi-
bers have been found to become predominant and mediate the detru-
sor reflex after spinal cord transection [6]. Intravesical vanilloid therapy
using capsaicin or resiniferatoxin has been found to act on the vanilloid
receptors VR-1 (TRPV-1) and is an effective therapy in patients with
detrusor hyperreflexia due to spinal cord lesions [7]. Vanilloid recep-
tors VR-1 are found on the afferent nerves in the lamina propria and
co-localize with acetylcholine- containing nerve fibers as well as sub-
stance P and CGRP in rat bladders [8-10]. Moreover, many C fibers in
the bladder mucosa contain sensory neuropeptides (such as substance
P, neurokinin A, CGRP) which on release, can modulate the micturition
reflex and might cause detrusor overactivity [11]. A local inflammatory
process might be induced through the afferent and efferent nerves in
these interstitial cellular networks which integrate signal transmission
from the urothelium to detrusor muscles in the bladder wall [12].

Based on results from recent investigations, bladder disorders
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such as NDO, IDO, interstitial cystitis (IC), overactive bladder (OAB)
due to BOO and urothelial dysfunction might have a common pathway
in abnormality of expression of sensory receptors or release of trans-
mitters in the suburothelial nerves or interstitial cells [12]. In this regard,
inhibition of receptor expression or transmitter release in the sensory
nerve terminals in the suburothelial space might have good therapeu-
tic effects in treatment of sensory urgency, IC and DO.

CURRENT TREATMENT OF OAB

OAB is a symptom syndrome characterized by urgency frequency
with or without urge incontinence that may affect patients' quality of life
[13]. OAB is diagnosed by subjective symptoms, of which the core
symptom is urgency. Both sensory urgency and DO might be involved
in the pathophysiology of this symptom syndrome. This condition may
wax and wane and occasionally associates with symptoms of supra-
pubic pain at full bladder. Current treatments are usually unsuccessful
in completely eradicating the urgency sensation. Behavioral therapy
or pelvic floor muscle training have been tried to relieve this bother-
some syndrome [14]. Some patients with OAB and hypersensitive blad-
der may respond to antimuscarinic agents [15]. However, this treat-
ment has some adverse effects such as dizziness, dry mouth, blurred
vision, and constipation, which some elderly patients are unable to
tolerate [16]. Intradetrusor botulinum A toxin injection has been tried
and satisfactory results have been achieved in increasing bladder
capacity and decreasing the urgency sensation in patients with NDO
and IDO [17,18]. However, increased postvoid residual volume and
urinary retention, which can develop in the first post-treatment month,
may prohibit its wide-spread application in the patients with mild to
moderate symptoms refractory to antimuscarinic agents [19]. Therefore,
it is mandatory to search for an effective alternative therapy that does
not have serious adverse effects that can be applied to patients with
OAB.

There is not yet a conclusion on the pathophysiology of hypersen-
sitive and OAB. Although urothelial dysfunction and changes in the
urinary potassium concentration have been proposed to account for
this condition, treatments aimed at these pathophysiologies have not
been able to alleviate this condition adequately [20,21]. It is also pos-
sible that the chronic symptomatology in bladder hypersensitivity is
due to central sensitization and persisting abnormality or activation of
the afferent sensory system [22]. Intradetrusor injection of botulinum A
toxin has been found to modulate the release of neurotransmitters from
sensory nerve endings, and effectively modulate the inflammatory pro-
cess mediated by nociceptive afferent nerve dysfunction [23,24].

RESINIFERATOXIN
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Resiniferatoxin is a capsaicin analog that is specific for the vanilloid
receptors in the bladder. It was recently demonstrated that vanilloid
receptors are present not only on sensory fibers but also in bladder
urothelium and smooth muscle cells [25-27]. Recent study has dem-
onstrated that vanilloid receptors TRPV1 participate in normal bladder
function, are essential for normal mechanically evoked purinergic sig-
naling by the urothelium and are involved in ATP release [28]. In NDO
and IDO, there is up-regulation of unmyelinated nerve fibers express-
ing vanilloid receptors [1]. The vanilloid receptors on the sensory fi-
bers in the bladder become overexpressed in DO, and this is the key
for successful treatment with resiniferatoxin. In patients with spinal cord
injury, vanilloid-sensitive fibers in the bladder assume a central role in
the reflex emptying of the bladder at low volumes [29]. Instillation of
resiniferatoxin can desensitize vanilloid receptors on the sensitive fi-
bers resulting in the disappearance of spontaneous detrusor contrac-
tions during bladder filling [30].

MECHANISM FOR RESINIFERATOXIN ON DETRUSOR
OVERACTIVITY

Purinergic P2Xs-immunoreactive nerve fibers in NDO were found
to decrease in the patients who responded to intravesical resiniferatoxin
[31]. Previous study showed that instillation of 50 nM resiniferatoxin
can delay or suppress involuntary detrusor contractions during filling
cystometry, hence, explaining the mechanism by which urinary incon-
tinence can disappear or improve after resiniferatoxin treatment [32].
This finding indicates that vanilloid-sensitive fiber input has an impor-
tant role in the generation of involuntary detrusor contractions in pa-
tients with NDO and IDO [33]. Although intravesical resiniferatoxin treat-
ment is theoretically effective in the treatment of DO, successful thera-
peutic results are not obtained in many patients. The success rate
(including continence rate and improvement rate) in recent studies
using a single instillation of resiniferatoxin at concentrations of 50 nM
to 100 nM was reported to be about 50% or less [34]. Recent studies
have demonstrated that the therapeutic effect of multiple low dose
resiniferatoxin was significantly superior to a placebo, indicating that
desensitization of vanilloid receptors in the bladder can reduce DO
and improve urinary incontinence [35,36].

INTRAVESICAL RESINIFERATOXIN THERAPY

Previous investigations in intravesical vanilloid therapy were aimed
at treating NDO due to spinal cord lesions [7,37,38]. Only a few inves-
tigations have used capsaicin or resiniferatoxin to treat DO or bladder
hypersensitivity in non-spinal cord lesions [30,39]. As evidenced by
positive ice water test results, overexpression and hyperactivity of the
vanilloid receptors of the urinary bladder have been identified in pa-
tients with DO due to various non-spinal lesions [40]. Therefore, use of
intravesical vanilloid agonists such as capsaicin or resiniferatoxin to
treat DO refractory to anticholinergic agents might be effective.

Intravesical capsaicin therapy exerts an excellent effect in pa-
tients with incontinence due to multiple sclerosis or spinal cord injuries
[41-43]. However, due to its irritative effect, patients with non-spinal
lesions might not be able to tolerate capsaicin therapy. Resiniferatoxin,
an ultrapotent capsaicin analog, has been shown to have a clinical
effect similar to capsaicin but with less neuronal excitation [44]. Thus,
resiniferatoxin treatment is more suitable than capsaicin for patients
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who have normal bladder sensation and OAB [45].

Resiniferatoxin treatment has been demonstrated to have a thera-
peutic effect in patients with detrusor hyperreflexia due to spinal cord
lesions [33,46,47]. At a concentration of 100 nM resiniferatoxin can
induce full desensitization and successfully treat detrusor hyperreflexia
in neurologically impaired patients who do not improve after capsaicin
treatment [33]. In one study, a 50 nM solution of resiniferatoxin was
found to delay or suppress involuntary detrusor contractions during
filling cystometry in patients with IDO [30]. These findings indicate that
desensitization of capsaicin sensitive primary afferents by intravesical
resiniferatoxin can have a therapeutic effect in hyperactive or sensory
disorders of the urinary bladder.

The clinical effect of intravesical resiniferatoxin at a concentration
of 100 nM has been demonstrated in treating DO due to non-spinal
cord lesions in patients refractory to anticholinergic treatment [35].
Twenty-one of 41 patients with NDO and urinary incontinence had clini-
cal improvement (51.2%) whereas 18 had a stationary result and 2
developed urinary retention with overflow incontinence. The effects of
resiniferatoxin treatment in these 21 patients lasted for 2 to 9 months
with a median duration of 5 months. After treatment, the cystometric
capacity significantly increased, and detrusor pressure showed a sig-
nificant reduction, but the maximal flow rate and residual urine volume
showed no significant difference. Among the 20 patients who failed
treatment, only 4 (20%) had an increase in maximal cystometric ca-
pacity by 50% and none had a reduction in detrusor pressure.

The magnitude of the neurotoxic effect of resiniferatoxin seems to
depend on the dose of vanilloids that is administered. The dose that
we used in one study may have had temporary neurotoxcity but was
insufficient to cause any irreversible effects. Nevertheless, a reduction
in detrusor pressure might account for the decrease in urgency and
urge incontinence in patients with DO. The causes for failed treatment
with resiniferatoxin have not been elucidated. If complete desensitiza-
tion of vanilloid receptors accounts for a successful result, then repeat
treatment with resiniferatoxin may be helpful in complete blockage of
vanilloid receptors. A high concentration of resiniferatoxin might cause
acute desensitization but might also result in neurotoxicity to the A-
delta fibers mediating detrusor contractions, whereas a lower concen-
tration might have less neurotoxicity and less desensitization of C-fibers.
In order to achieve better desensitization of C-fibers without neurotox-
icity to A-delta fibers, repeat treatment with a lower concentration of
resiniferatoxin might be necessary.

LOW DOSE MULTIPLE RESINIFERATOXIN INSTILLATIONS

In order to obtain a better therapeutic outcome, the concentration
of resiniferatoxin and the treatment regimen were changed to four in-
stillations utilizing a solution of 10 nM resiniferatoxin for adequate de-
sensitization of vanilloid receptors. The results from a recent
randomized, double-blind, placebo-controlled study have shown that
multiple resiniferatoxin instillations at a concentration of 10 nM is well
tolerated and effective in about 50% of patients with refractory detru-
sor overactivity compared to the control group 3 months after instilla-
tion [36]. Although the adverse effects after this treatment were minimal,
the therapeutic effect decayed with time and only 34.6% of the pa-
tients exhibited a successful result at 6 months [36].

Fifty seven patients completed the trial and were included in the
final analysis. There were 34 men and 23 women who completed all



four treatments (90%). At 1 month, the success rate in the resiniferatoxin
group was significantly better than in the control group (78% vs 24%,
p<0.001). At 3 months after treatment, the success rate remained sig-
nificantly higher in the study group compared to the control group (50%
vs 14%, p<0.001). At 6 months after treatment, the treatment remained
effective in 28.6% of patients in the study group, but only 3.5% of the
control group (p<0.001). At 12 months, the treatment remained effec-
tive in only 3 patients (11%) in the study group and none in the pla-
cebo group (p<0.001). The results of this phase Il study showed that
multiple intravesical instillations of 10 nM resiniferatoxin had a signifi-
cantly superior therapeutic outcome compared with a placebo in pa-
tients with refractory DO. The therapeutic results obtained with mul-
tiple instillations of 10 nM resiniferatoxin at 3 months in this study were
similar to those in another study [35].

The success rate with multiple intravesical instillations of
resiniferatoxin at a concentration of 10 nM is higher than that using a
single instillation of resiniferatoxin at a concentration of 50 or 100 nM
[30,34], suggesting that a single intravesical instillation of 50 or 100
nM resiniferatoxin might not achieve adequate desensitization. In pre-
vious double-blind, placebo-controlled trials of intravesical
resiniferatoxin for spinal detrusor overactivity, the effects of
resiniferatoxin in increasing bladder capacity were controversial [32,
34]. The therapeutic effect of a single instillation of resiniferatoxin might
be affected by several factors, such as urine dilution during treatment,
and reflexic expulsion of the instilled solution. These factors may result
in unknown actual concentrations in the bladder and could result in
diverse therapeutic results [34]. Repeated instillations might lead to
greater desensitization of afferent fibers and can provide a satisfac-
tory therapeutic outcome in the majority of patients [35,36].
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