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Abstract

Antimuscarinic drugs are still first-line treatment for the symptoms 
of overactive bladder (OAB) and are associated with good ini-
tial response rates. Adverse effects and decreasing efficacy over 
the longer term do, however, limit their overall effectiveness. As 
such, alternatives to antimuscarinics are needed. The recognition 
of the functional contribution of the urothelium, the spontaneous 
myocyte activity during bladder filling, and the diversity of nerve 
transmitters involved in the symptoms of the OAB has sparked 
interest in pharmacologic manipulation of both peripheral and 
central pathophysiology. Some of the treatments currently under 
investigation are discussed in this review.

Antimuscarinic drugs are first-line treatment for the 
overactive bladder syndrome (OAB). Despite hav-
ing good initial response rates, however, adverse 

effects and decreasing efficacy cause long-term compliance 
problems. It is therefore desirable that alternative treatment 
methods be developed and made available. This is currently 
a rich field of research, as many compounds with potential 
efficacy for the treatment of OAB are undergoing preclinic-
al and clinical testing. In OAB, there are many potential 
pathophysiologic targets for intervention, and this is reflected 
by the broad variety of mechanisms amongst the agents in 
development. Broadly speaking, drugs for OAB are designed 
to target mucosal (urothelial) signaling, myocyte signaling 
or the central nervous system. 

This brief review presents the potential treatment path-
ways, discusses whether or not they hold promise and briefly 
summarizes the key evidence gathered to date.

Drugs targeting mucosal (urothelial) signalling 

NGF antibodies 

Although some have speculated that nerve growth factor 
(NGF) might have utility as a biomarker or treatment path-

way for OAB,1,2 this does not appear to be a promising 
avenue of investigation. Intuitively, since OAB is such a 
non-specific condition, the use of specific biomarkers does 
not appear to be appropriate. As a target for treatment, use 
of biologic antibodies to block this pathway is possible, but 
because NGF is involved in many physiologic processes, 
one would expect there to be many potential side effects. 

Acetylcholine: muscarinic receptor antagonists 

All of the muscarinic receptors are found in the urothe-
lium and suburothelium, with predominant expression of 
M2, M3 receptors. The density of M2 and M3 receptors is 
increased in detrusor overactivity (DO)3 and there is a cor-
relation between suburothelial muscarinic receptor density 
and urgency scores.4

Oxybutynin, a non-selective muscarinic receptor antag-
onist, and darifenacin, selective for M3 receptors, have been 
demonstrated to modulate bladder afferent activity, both in C 
fibres and Adelta fibres.5 Such an effect may be an important 
mechanism of action for antimuscarinics.

ATP: P2X3-receptor antagonists 

In pathologic bladder dysfunctional states, like OAB, there 
is a known increase in ATP-mediated contractions. ATP is 
also involved in the generation of afferent impulses.6 One 
method of blocking the ATP afferent pathway is through 
the use of P2X3 receptor antagonists. In animal models, this 
strategy appears to work very well.6 Whether this translates 
effectively to humans remains to be seen.

K+ channels: KCNQ/Kv7 openers 

Potassium channels in both the urothelium and the detrusor 
are potential targets for OAB therapy. Retigabine, a KCNQ/
Kv7 opener that is approved for the treatment of epilepsy, 
has been associated with urinary retention and has been 
successfully evaluated in rats, with a marked decrease in 
urinary frequency.7 Once again, clinical research will be 
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required to determine whether these benefits can be rep-
licated in humans. At the present time, the manufacturers 
of this compound do not seem to be actively exploring this 
potential indication.

Prostaglandin E2: EP1-receptor antagonists 

Prostaglandins are known to be increased in pathologic 
bladder conditions, including OAB. Prostaglandin E2 works 
primarily through the EP-1 receptor, which is expressed in 
both the urothelium and the suburothelial cells.8 This recep-
tor was therefore investigated a potential target for the treat-
ment of OAB. In a study in cynomolgus monkeys, the EP-1 
receptor antagonist ONO-8539 was found to significantly 
increase bladder capacity without increasing residual vol-
ume.9 However, when it was evaluated in a phase 2 clinical 
trial in OAB, the investigators concluded that it had minimal 
impact.10

TRP-channel antagonists 

Another potential target for OAB treatment is the transient 
receptor potential (TRP) channel superfamily, which has 
been demonstrated to be involved in nociception and mech-
anosensory transduction in various organ systems. Studies 
of the lower urinary tract have indicated that several TRP 
channels, including TRPV1, TRPV2, TRPV4, TRPM8 and 
TRPA1, are expressed in the bladder and may act as sen-
sors of stretch and/or chemical irritation.11 Animal studies 
have shown that inhibition of these pathways can be effec-
tive for the reduction of bladder activity.12,13 However, the 
roles of these individual receptors for normal function and 
in pathologic states have not been established. There seem 
to be several links between activation of different members 
of the TRP superfamily and OAB, and further exploration 
of the involvement of these channels in lower urinary tract 
function and dysfunction may be rewarding.

Drugs targeting myocyte signalling 

Acetylcholine: muscarinic receptor antagonists 

Research has suggested that antimuscarinic drugs exert their 
therapeutic benefit through effects on afferent activity during 
the filling phase and that there is no proof that, at approved 
doses, they reduce the ability to empty the bladder.14 There 
is a theoretical potential of these agents to have an effect 
on voiding contraction, but the concentration of antimus-
carinic required to achieve this effect would be limited by 
the potential for side effects.

ß3-adrenoceptors (AR) 

ß3-AR agonists (e.g., mirabegron) are in Phase III trials after 
promising initial results.15-17 The results of these studies 
indicate that this is indeed a useful treatment strategy for 
OAB. Figure 1 shows the results from one of the studies 
using mirabegron, which showed a significant reduction in 
urgency episodes for each of the doses evaluated.16 These 
agents should be a welcome addition to the therapeutic 
armamentarium as a complementary strategy alongside the 
agents we already have at our disposal.

Phosphodiesterases (PDE)

PDE type 5 inhibitors (sildenafil, tadalafil, vardenafil) have 
been shown to improve urinary symptom scores in men with 
erectile dysfunction and OAB, and this finding has been con-
firmed in several well-designed and conducted randomized 
controlled trials (RCTs).18-21 However, their place in therapy 
has not been established, and whether or not these drugs 
are effective in females with OAB is not known.

Rho kinase: rho kinase inhibitors 

A theoretically interesting principle is Rho-kinase inhibi-
tion. Upregulation of his pathway has been associated with 
bladder changes in diabetes, outflow obstruction, and idio-
pathic DO. The vitamin D3 agonist elocalcitol was shown 
to have an inhibitory effect on the RhoA/Rho kinase path-
way, and showed some promising effects in female patients 
with OAB.22 However, whether or not vitamin D3 receptor 
agonism (monotherapy or in combination) will be a useful 
alternative for the treatment of OAB, requires further RCTs.

Fig. 1. ß3-Adrenoceptor (AR) agonist vs. placebo: reduction in urgency 
episodes/24-hr. Chapple et al.16
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Drugs targeting the central nervous system 

Drugs with a central mode of action, such as GnRH antago-
nists,23 tramadol24 and duloxetine25 have positive proof of 
concept documented in RCTs. Even if these drugs cannot 
currently be recommended for general use in the treatment 
of OAB, they illustrate that agents with a target in the central 
nervous system can be therapeutically useful.

Combination therapy 

Combinations might theoretically provide improved symp-
tom relief. One such example is the combination of α1-AR 
antagonists with 5-α reductase inhibitors, which has proven 
to improve clinical outcomes and reduce the incidence of 
BPH and LUTS progression measured as symptom worsen-
ing, retention or progression to surgery. Other combina-
tions have also been tested with varying degrees of suc-
cess. Traditionally, muscarinic receptor antagonists have 
been contraindicated in patients with BPH due to fears of 
urinary retention. However, this dogma has been questioned 
and several studies have been performed in which α1-AR 
antagonists are combined with muscarinic receptor antago-
nists with promising results.

Conclusions 

Although antimuscarinic drugs remain the first-line treat-
ment of the overactive bladder, and their favourable efficacy/
tolerability safety ratio has been confirmed, new drugs are 
needed. Promising new alternatives are emerging and future 
controlled studies will decide their place in the therapeutic 
arsenal.
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