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Background: Overactive bladder (OAB) is a common clinical condition for which current drug treatment 

comprises drugs blocking the cholinergic nerve supply, or augmenting the adrenergic nerve supply, to the 

detrusor muscle of the urinary bladder. Current treatments have drawbacks, including lack of efficacy and 

the development of adverse effects in some patients. Hence, new and better drugs for treating OAB will 

be clinically useful. 

Objective: This review is meant to provide information on drugs currently undergoing preclinical or clin- 

ical trials for the treatment of OAB published in journal articles or elsewhere. 

Methods: The cited articles were retrieved from PubMed and Google Scholar from January 1, 1990, to 

December 31, 2021. The search terms used were contraction or contractility , detrusor , inhibition , isolated or 

in vitro , in vivo , overactive bladder , and relaxant effect or relaxation . 

Results: There are 4 classes of new drugs under various stages of development for the treatment of OAB. 

These are drugs acting on the autonomic nerve supply to the detrusor muscle of the urinary bladder that 

include the anticholinergics tarafenacin and afacifenacin and the β3 adrenoceptor agonists solabegron 

and ritobegron; drugs acting on ion channels in the detrusor muscle (eg, potassium channel openers and 

calcium channel blockers), drugs acting on cellular enzymes like phosphodiesterase-5 inhibitors and Rho 

kinase inhibitors, and drugs acting on miscellaneous targets (eg, pregabalin and trimetazidine). 

Conclusions: Drugs currently used to treat OAB target only the cholinergic and adrenergic cellular sig- 

nalling pathways. There are many other drugs under trial targeting other cellular pathways that may be 

useful for treating OAB. Their approval for clinical use might improve the treatment of patients with OAB. 

( Curr Ther Res Clin Exp . 2022; 83:XXX–XXX) 

© 2022 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Overactive bladder (OAB) is a common, chronic syndrome that 

as a major influence on affected individuals. The definition of OAB 

as changed with time. Currently, OAB is defined as being charac- 

erized by urinary urgency, with or without urinary incontinence, 

sually with increased daytime frequency and nocturia, and with 

o local pathological factors. 1 , 2 The pivotal symptom is considered 

o be urgency, which refers to a sudden and compelling desire to 

oid that is difficult to defer. 2 In many patients with OAB, incon- 

inence, defined as the involuntary leakage of urine, accompanied 

r immediately preceded by urgency is common. 2 A well-designed 

nd highly cited population-based, cross-sectional survey of close 

o 20,0 0 0 individuals aged 18 years or older conducted in 2005 
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n 5 European countries found that the overall prevalence of OAB 

as 11.8%. 3 During 2011, it was estimated that in the United States, 

here were 34 million community-dwelling men and women with 

AB. Further, the costs incurred because of OAB in the United 

tates during the same year were $12.6 billion. 4 Drugs are avail- 

ble for the treatment of OAB. However, the currently used drugs 

ave adverse effects such as antimuscarinic effects like dry mouth 

hat may prompt discontinuation of treatment. 5 Moreover, some 

atients do not respond adequately to drugs currently used. Hence 

ew and alternative drugs will be useful for the treatment of OAB. 4 

rugs used to treat OAB generally act by preventing contraction, or 

ausing relaxation, of the detrusor muscle of the urinary bladder. 

o do this, the drugs alter the contractile mechanism of the detru- 

or, which like all smooth muscles, involves the interaction of the 

roteins actin and myosin. 2 

This article is a narrative review of the drugs undergoing pre- 

linical or clinical evaluation for the treatment of OAB from a phar- 

acodynamics point of view. The guidelines of Murphy 6 for writ- 
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ng a review were followed. The review does not include drugs un- 

ergoing evaluation for treating OAB due to conditions such as be- 

ign prostatic hyperplasia because such conditions are better clas- 

ified as lower urinary tract symptoms. 1 , 7 The cited articles were 

etrieved from PubMed and Google Scholar and the period of re- 

iew of published information was from January 1, 1990, to De- 

ember 31, 2021. The search terms used were: contraction or con- 

ractility , detrusor , inhibition, isolated or in vitro , in vivo , overactive 

ladder , and relaxant effect or relaxation . Articles reporting preclin- 

cal studies using in vivo or in vitro techniques, and both ran- 

omized controlled trials (RCTs) and nonrandomized trials were 

ncluded. Articles reporting preclinical or clinical studies in which 

AB was due to urethral obstruction such as benign prostatic hy- 

erplasia were excluded. Non-English language articles, nonpeer- 

eviewed articles, and case reports were also excluded. 

rug targets for the treatment of OAB 

The 2 wings of the autonomic nervous system have opposing 

ffects on many organs they innervate, the urinary bladder being 

 good example. Contraction of the urinary bladder is mediated 

y cholinergic neurons acting chiefly on muscarinic M 3 receptors 

n humans. 8 These receptors are situated postsynaptically on de- 

rusor muscle cells innervated by cholinergic neurons. Relaxation 

f the urinary bladder is mediated by adrenergic neurons acting 

hiefly on β3 adrenergic receptors situated postsynaptically on de- 

rusor muscle cells. Nonadrenergic noncholinergic neurotransmis- 

ion is also believed to be involved in the regulation of the con- 

ractility of the urinary bladder, although its role may be relatively 

mall. 8 , 9 Nonadrenergic noncholinergic neurotransmission is medi- 

ted by adenosine triphosphate (ATP), which stimulates contractil- 

ty of the detrusor muscle 8 ; nitric oxide; and neuropeptides whose 

unctions in the urinary bladder are unclear. 8 

Other drug targets in the urinary bladder to treat OAB in- 

lude the voltage-gated calcium channels (VGCC) 10 and RhoA ki- 

ase protein (also called Rho-associated protein kinase or ROCK) 11 

hat influence the contractility of the detrusor muscle. The ma- 

or phosphodiesterase (PDE) in the detrusor, PDE-5, catalyzes the 

etabolism of cyclic guanosine monophosphate (cGMP). Inhibition 

f PDE-5 by drugs causes smooth muscle relaxation. 12 Opening of 

otassium channels causes hyperpolarization of the detrusor mus- 

le cell and smooth muscle relaxation. Several channels of the 

ransient receptor potential (TRP) family have a role in nocicep- 

ion and mechanosensory transduction in the lower urinary tract. 

 number of these channels like TRPV 1 , TRPV 4 , TRPM 8 ,TRPA 1 , and 

RPM 4 are associated with urinary bladder contractility. Based on 

nimal studies, there is evidence that many of these channels are 

uitable targets for drugs to treat OAB. 13 

athophysiology and pathogenesis of OAB 

OAB is not 1 disorder, but a syndrome, with many types of 

linical presentations depending upon underlying mechanisms and 

redisposing factors. 14 , 15 Several factors, showing variation be- 

ween patients, may be involved in the pathogenesis of this condi- 

ion. 8 A diagnosis of OAB is made when the patient does not have 

rinary tract infection, metabolic disorders that can influence uri- 

ation, or urinary stress incontinence caused by effort or overex- 

rtion. 5 There are several risk factors that are known to increase 

he chance of an individual developing OAB. 4 These include ad- 

anced age; postmenopausal status in women due to lower lev- 

ls of plasma estrogen levels; marked obesity in men and women 

ossibly due to mechanical factors; functional gastrointestinal dis- 

rders such as irritable bowel syndrome; as well as race and eth- 

icity, with a relatively high prevalence among African Americans 

nd Hispanics. OAB can also result from structural or functional 
2 
amage to the brain or spinal cord. 2 Other possible risk factors in- 

lude sleep apnea, urinary microbiota (the microbial communities 

n the urinary tract), smoking, increased coffee ingestion, artificial 

weeteners, alcohol, spices, and sour drinks. 2 

The pathogenesis of OAB continues to be under investigation, 

nd 4 theories for its pathogenesis have been proposed. 14 Accord- 

ng to the neurogenic theory, there is a decrease in the inhibitory 

eural impulses and an increase in the afferent sensory impulses 

rom the bladder that trigger the voiding reflex. The myogenic the- 

ry proposes that the detrusor muscle becomes more sensitive to 

holinergic stimulation, leading to increased spontaneous activity 

f this muscle. According to the autonomous bladder theory, mus- 

arinic stimulation causes alteration or an increase of phasic activ- 

ty of the detrusor muscle. The afferent signalling theory suggests 

hat spontaneous bladder contraction during filling leads to raised 

fferent output resulting in an awareness of bladder filling. 

urrent management of OAB 

The first line of treatment for OAB comprises nonpharmaco- 

ogic treatment. 5 This includes lifestyle changes such as reducing 

he volume of fluid intake, cessation of smoking, reduction of body 

eight, increase in physical activity, and reducing intake of coffee 

nd spices. Another nonpharmacological treatment is bladder and 

elvic floor muscle training that can help patients reestablish in- 

ibitory control over the storage of urine and enable them to resist 

nd escape urgency episodes. Pharmacologic treatment is only the 

econd line in the management of OAB. 

urrent drug therapy of OAB 

The standard drug treatment of OAB makes use of antimus- 

arinic drugs. 14 These drugs antagonize cholinergic control over 

he bladder leading to lowering of intravesical pressure, increase 

n bladder capacity, and reduction in frequency of contractions of 

he detrusor muscle. 15 These drugs may also alter bladder sen- 

ation during filling. 16 The muscarinic receptor antagonists cur- 

ently used for treating OAB include oxybutynin, tolterodine, tro- 

pium chloride, darifenacin, solifenacin, imidafenacin, propiverine, 

nd fesoterodine. 17 Some clinical trials have demonstrated small 

ut statistically significant differences in efficacy between these 

rugs, but the clinical importance of these differences is unclear. 

he major adverse effects of these drugs are the result of mus- 

arinic receptor blockade, such as dry mouth, blurred vision, con- 

tipation, and abdominal discomfort. 16 Blockade of muscarinic re- 

eptors in the brain can causes drowsiness, dizziness, and confu- 

ion. 16 Antimuscarinic drugs cause detrusor muscle relaxation by 

locking M 3 receptors in the detrusor, resulting in reduced forma- 

ion of the second messenger inositol triphosphate, leading to a 

all in intracellular levels of calcium ion (Ca 2 + ) and reduced acti- 

ation of myosin light chain kinase (MLCK) and muscle relaxation 

 Figure 1 ). 

Another way to relax the detrusor muscle is to activate β- 

drenergic receptors on the detrusor muscle cell membrane. Of 

he β adrenoceptors in the detrusor muscle, the β3 adrenoceptor 

s predominant and is responsible for detrusor relaxation during 

he filling phase. 5 , 17 In this regard, 2 β3 adrenoeceptor agonists, 

irabegron and vibegron, have been approved for clinical use for 

reating OAB. Although the efficacy of these drugs is comparable to 

hat of antimuscarinic drugs, the adverse effect profile is better. 5 

3 adrenoceptor agonists are especially suitable when antimus- 

arinic adverse effects need to be avoided. 18 , 19 Activation of the β3 

drenoceptor leads to activation of adenylyl cyclase and increased 

evels of cyclic AMP (cAMP), which stimulates cAMP-dependent 

rotein kinase protein kinase A, which in turn inhibits MLCK, lead- 

ng to muscle relaxation ( Figure 1 ). 
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Figure 1. Diagrammatic representation of how activation of muscarinic M 3 receptors stimulates, and stimulation of adrenergic β3 receptors inhibits, contractility of the 

detrusor muscle of the urinary bladder. Myosin light chain kinase (MLCK) activity is needed for contraction. Activation of muscarinic M 3 receptors activates phospholipase C 

(PLC) leading to increased levels of inositol triphosphate (IP 3 ), which leads to raised levels of Ca 2 + . Ca 2 + binds to the protein calmodulin and the Ca 2 + -calmodulin complex 

activates MLCK, causing muscle contraction. Stimulation of β3 receptors activates adenylyl cyclase, which catalyzes the formation of cyclic adenosine monophosphate (cAMP) 

from adenosine triphosphate, which activates cAMP-dependent protein kinase (PKA). PKA inhibits MLCK leading to muscle relaxation. Phosphodiesterase-4 (PDE-4) catalyzes 

the metabolism of cAMP. AC = adenylyl cyclase; Ach = acetyl choline; β3 = beta adrenergic receptor 3 subtype; DAG = diacylglycerol; M 3 = muscarinic 3 receptor subtype; 

MLCP = myosin light chain phosphatase; NA = noradrenaline. + = Stimulation; – = Inhibition; X = site of antagonism. 
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Another treatment modality currently used as a second line op- 

ion to treat OAB is the intravesical administration of botulinum 

oxin (BTX). 20 BTX is a complex mixture of proteins, containing bo- 

ulinum neurotoxin and various other nontoxic proteins obtained 

rom the bacterium Clostridium botulinum that inhibits acetyl- 

holine (ACh) release from presynaptic cholinergic nerve termi- 

als. 21 This results in an antimuscarinic effect, leading to the re- 

axation of the detrusor muscle. BTX also potentially affects affer- 

nt sensory receptors in the urothelium. There is recent evidence 

hat BTX could also act via neurotransmitters other than ACh. The 

ffect of BTX is long lasting, typically 6 months or more. However, 

here is evidence that two-thirds of patients discontinue treatment, 

sually because of tolerability issues. 22 

Antimuscarinic drugs and β3 adrenoceptor agonists act via dif- 

erent cell signalling pathways ( Figure 1 ). Hence, combining these 

 classes of drugs may be useful in OAB treatment. 17 Adding a β3 

drenoceptor agonist like mirabegron to supplement an anticholin- 

rgic has been shown to provide greater efficacy, while at the same 

ime avoiding antimuscarinic adverse effects that could occur with 

n antimuscarinic dose escalation. 17 After a year of administration, 

fficacy is still possible. Conversely, adding an antimuscarinic drug 

ike solifenacin or tolterodine when the first drug is a β3 adreno- 

eptor agonist like mirabegron has also been shown to provide im- 

roved, well-tolerated, and durable effects. 17 A 2021 multicriteria 

ecision analysis model for comparing the benefit-safety profiles 

f patients with OAB designed to help clinicians better meet their 

atients’ needs, showed that fesoterodine, especially flexibly dosed 
t

3 
esoterodine, is the best anticholinergic available and indeed was 

etter than the β3 adrenoceptor agonist mirabegron and solife- 

acin/mirabegron drug combinations. 23 

Some patients with OAB do not respond to currently available 

rugs and are said to have refractory OAB. This remains a clini- 

al challenge for urologists. 24 Current options for treating refrac- 

ory OAB include combination therapy with antimuscarinics and 

3 adrenoceptor agonists, and the treatment of underlying disor- 

ers like obesity. Third-line options include intravesical BTX, and 

ercutaneous tibial nerve stimulation, and sacral nerve stimula- 

ion. 24 In rare cases, more invasive surgical procedures, like aug- 

entation cystoplasty, may need to be considered. 24 

otential drugs for treating OAB 

rugs acting on the autonomic nervous system 

Unapproved drugs acting on the autonomic nervous system that 

re being investigated for possible use in OAB are listed in Table 1 . 

eorge et al 25 investigated the use of 5 anticholinergics used in 

he treatment of disorders of the eye (cyclopentolate and homat- 

opine), bronchi (ipratropium), the myometrium (valethamate), or 

rinary bladder (tolterodine) by inhibiting the ACh-induced con- 

raction of the isolated caprine (goat) detrusor muscle. The authors 

ound that at suitably low concentrations that can be achieved af- 

er systemic administration to patients, all 5 drugs inhibited iso- 

ated detrusor contractility. Hence the authors suggest that like 

olterodine, the other 4 anticholinergics can also be investigated 
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Table 1 

Trials of new drugs for treating overactive bladder acting on the autonomic nervous system. 

Drug Drug class Phase Source of tissue Reference 

Cyclopentolate Anticholinergic Preclinical Goat 25 

Homatropine Anticholinergic Preclinical Goat 25 

Ipratropium Anticholinergic Preclinical Goat 25 

Valethamate Anticholinergic Preclinical Goat 25 

Tarafenacin Anticholinergic Phase IIB NA 26 

Afacifenacin Anticholinergic Phase II NA 27 

Solabegron β3 agonist Preclinical Dog 28 

Solabegron β3 agonist Phase II NA 29 

Ritobegron β3 agonist Preclinical Cynolmolgus monkey 30 

Ritobegron β3 agonist Preclinical Rat 31 

NA = not applicable. 

Table 2 

Trials of new drugs for treating overactive bladder acting on ion channels. 

Drug Drug class Phase Source of tissue Reference 

Pinacidil K + channel opener Preclinical Rat, guinea pig 32 , 33 

Minoxidil K + channel opener Preclinical Guinea pig 33 

Nicorandil K + channel opener Preclinical Rat 34 

Nicorandil K + channel opener Preclinical Human 35 

Pinacidil K + channel opener Preclinical Human 36 

Pinacidil K + channel opener Preclinical Pig, human 37 

Pinacidil, minoxidil K + channel opener Preclinical Pig 38 

ZD0947IL/0004 K + channel opener Phase I NA 39 

Iberitoxin, Apamin K + channel opener Preclinical Pig 40 

NS1608 K + channel opener Preclinical Guinea pig 41 

Nifedipine, nimodipine CCB Preclinical Human 42 

Nifedipine CCB Preclinical Mouse 43 

Cilnidipine CCB Preclinical Goat 44 

SKA-31 SK channel opener Preclinical Human 45 

NS309 SK channel opener Preclinical Rat 46 

9-phenanthrol TRP channel opener Preclinical Guinea pig 48 

GSK1016790A TRP channel opener Preclinical Guinea pig 49 

KPR-5714 TRP channel opener Preclinical Rat 50 

Diarylpiperazine TRP channel opener Preclinical Guinea pig 51 

CCB = calcium channel blocker; K + = potassium ion; NA = not applicable; SK = small- conductance Ca 2 + -activated K + channels; TRP = transient reverse potential. 
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or use in clinical conditions like OAB that require inhibition of the 

etrusor muscle. Song et al 26 conducted a Phase IIB RCT of a new 

ntimuscarinic drug tarafenacin at daily doses of 0.2 and 0.4 mg 

or treating OAB. They found that 0.4 mg tarafenacin decreases the 

ncidence of urinary incontinence after 12 weeks of treatment and 

hat the drug was well tolerated. 

New β3 adrenoceptor agonists being developed for treating 

AB include solabegron and ritobegron. In a preclinical study us- 

ng in vitro and in vivo techniques, Hicks et al 28 showed that 

olabegron caused urinary bladder relaxation and facilitated blad- 

er storage mechanisms. Later, in a multicentre Phase II RCT, it 

as reported that solabegron significantly reduced OAB symptoms 

nd was well tolerated. 29 Preclinical studies on another β3 adreno- 

eptor agonist, ritobegron, conducted in cynomolgus monkeys 30 

nd rats 31 have shown results suggesting that this drug may be 

seful for the clinical treatment of OAB. No clinical trials of the 

se of ritobegron for treating OAB were found in our literature 

earch. 

rugs acting on ion channels 

Ion channels are another target for drugs relaxing the urinary 

ladder detrusor muscle ( Table 2 ). 10 Drugs that open potassium 

on (K 

+ ) channels are being evaluated for treating OAB. K 

+ chan- 

el openers relax smooth muscle by opening K 

+ channels in the 

ell membranes of smooth muscle cells, thereby causing exit of 

 

+ ions and membrane hyperpolarization. This results in closing 

f membrane-bound VGCC and a fall in intracellular Ca 2 + levels, 

hich leads to muscle relaxation. 10 Zhou et al 34 showed that the 

ntianginal smooth muscle relaxant nicorandil inhibits the con- 

ractile responses to ACh, potassium chloride, and electrical stim- 
4 
lation in the isolated rat detrusor muscle. The inhibitory effect 

f nicorandil on detrusor contraction due to electrical stimulation 

as antagonized by glyburide, but not nitroglycerin or apamin, and 

lightly potentiated by methylene blue. 34 Methylarginine (an in- 

ibitor of nitric oxide synthase) also did not affect the relaxation 

aused by nicorandil. The level of cGMP was increased by nico- 

andil and nitroglycerin. 34 Although nicorandil is known to have 

 dual action (opening of ATP-sensitive K 

+ channels and increase 

f cGMP levels), the authors suggested that, based on their re- 

ults in the rat detrusor, nicorandil acts by opening ATP-sensitive 

 

+ channels. Faruqui and colleagues 35 showed that nicorandil re- 

axes the isolated human detrusor muscle contracted by the ad- 

ition of potassium chloride. They found that the lowest con- 

entration of nicorandil that would relax the detrusor was 200 

M, a concentration not easily achieved by systemic administra- 

ion of nicorandil. Hence, the authors suggest that if nicorandil 

s to be used to treat OAB, it might need to be administered 

ntravesically. Other ATP-sensitive K 

+ channel openers that have 

een shown to relax the detrusor include pinacidil, minoxidil, and 

D0947IL/0 0 04. 36–39 

Another class of drugs that are able to relax the detrusor are 

alcium channel blockers (CCBs), which block the entry of Ca 2 + 

ons into the cell through VGCC from the exterior of the cell. This 

eads to a fall in intracellular Ca 2 + levels and muscle relaxation 

 Figure 2 ). In this regard, Darblade et al 36 showed that the L-type 

CB nifedipine abolishes the phasic contractile activity of the iso- 

ated human detrusor muscle. Maria 44 found that the CCB cilnidip- 

ne at 20, 40, and 80 μM concentrations inhibits the contractility 

f potassium chloride-induced contraction of the isolated goat de- 

rusor muscle. 
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Figure 2. Diagrammatic representation of how blockade of voltage-gated calcium channels (VGCC) by calcium channel blockers (CCBs) can inhibit contractility of the detrusor 

muscle of the urinary bladder. Normally, when VGCC are activated, calcium ions (Ca 2 + ) pass from exterior into the detrusor muscle cell. Inside the cell, Ca 2 + combines with 

the protein calmodulin. The Ca 2 + - calmodulin complex activates myosin light chain kinase (MLCK), which contracts the muscle. MLCP = myosin light chain phosphatase; + = 

Stimulation; – = Inhibition; X = site of antagonism. 

Table 3 

Trials of new drugs for treating overactive bladder acting on enzymes. 

Drug Drug class Phase Source of tissue Reference 

Forskolin AC activator Preclinical Rabbit 52 

Forskolin AC activator Preclinical Pig 53 

Sodium 

nitroprusside 

sGC stimulator Preclinical Human 54 

Sodium 

nitroprusside 

sGC stimulator Preclinical Rat 55 

BAY 41-2272 sGC stimulator Preclinical Mouse, rat, rabbit 56 

Sildenafil PDE-5 Inhibitor Preclinical Human 57 

Sildenafil PDE-5 Inhibitor Preclinical Rat 58 

Sildenafil PDE-5 Inhibitor Preclinical Spinal cord-injured 

mice 

59 

Avanafil PDE-5 Inhibitor Preclinical Goat 60 

Tadalafil PDE-5 Inhibitor Phase I NA 61 

Tadalafil PDE-5 Inhibitor Phase I NA 62 

Tadalafil PDE-5 Inhibitor Phase I NA 63 

Roflumilast PDE-4 Inhibitor Preclinical Rat 64 

HA-1077, Y-27632 RHO kinase 

inhibitor 

Preclinical Rabbit 65 

H-1152, Y-2763, 

HA-1077 

RHO kinase 

inhibitor 

Preclinical Rat 66 

Fasudil Rho kinase 

inhibitor 

Preclinical Pig 67 

Y-27632 Rho kinase 

inhibitor 

Preclinical Rabbit 68 

Y-27632 Rho kinase 

inhibitor 

Preclinical Human 69 

AC = adenylyl cyclase; NA = not applicable; PDE-5 = phosphodiesterase-5; sGC = soluble guanylyl cyclase. 

5
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Figure 3. Diagrammatic representation of how activation of soluble guanylyl cyclase (sGC) or inhibition of phosphodiesterase-5 (PDE-5) inhibits contractility of the detrusor 

muscle of the urinary bladder. Activation of sGC as occurs after addition of nitric oxide (NO) donors catalyzes the metabolism of guanosine triphosphate (GTP) to cyclic guano- 

sine monophosphate (cGMP) which activates cGMP-dependent protein kinase or protein kinase G (PKG). PKG inhibits myosin light chain kinase (MLCK). Phosphodiesterase-5 

(PDE-5) catalyzes the metabolism of cGMP. The RhoA kinase pathway is also involved in smooth muscle contraction. When inactive RhoA is phosphorylated it is activated to 

active RhoA, which stimulates Rho kinase, a serine/threonine kinase which phosphorylates the myosin-binding subunit of myosin light chain phosphatase (MLCP), thereby 

inactivating it and promoting muscle contraction. + = stimulation; – = Inhibition. 
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nase inhibitors relax the detrusor muscle. 
K 

+ channels activated by Ca 2 + ions are classified as calcium- 

ctivated K 

+ channels. 45 These channels are divided into 3 main 

roups, 1 of which is the small-conductance Ca 2 + -activated K 

+ 

hannel (SK channels). Such channels have been shown to regulate 

he contractility of the detrusor, and are potential targets for treat- 

ng OAB. Soder et al 45 showed that the SK channel opener SKA- 

1 induces hyperpolarization and reduces contractility in the hu- 

an detrusor. Parajuli et al 46 showed that the SK channel opener, 

S309, decreases rat detrusor smooth muscle membrane potential 

nd phasic contractions by activating SK3 channels. The TRP su- 

erfamily of channels are cell membrane-bound proteins present 

n the detrusor muscle. They are involved in nociception and 

echanosensory transduction. 47 Animal studies suggest that some 

f these channels are possible targets for the treatment of OAB. 47 

akanishi et al 50 found that KPR-5714, a novel TRP melastatin 8 

ntagonist, improves symptoms of OAB via inhibition of bladder af- 

erent activity in rats. 

rugs acting on specific enzymes 

A third class of drugs that can inhibit detrusor contractility 

nd could be used to treat OAB are those that act on specific 

nzyme targets ( Table 3 ). One such drug target is the enzyme 

denylyl cyclase, which catalyzes the metabolism of ATP to cAMP 
6 
 Figure 1 ). Truss et al 52 showed that the adenylyl cyclase activator 

orskolin, which raises intracellular levels of cAMP, significantly re- 

axes porcine detrusor strips. Another target is the enzyme-soluble 

uanylyl cyclase, which catalyzes the metabolism of guanosine 

riphosphate to cGMP, the second messenger that activates cGMP- 

ependent protein kinase (also called protein kinase G [PKG]). PKG 

as an inhibitory effect on the activity of MLCK, leading to mus- 

le relaxation ( Figure 3 ). The metabolism of cGMP is catalyzed 

y PDE-5, which is inhibited by drugs like sildenafil, tadalafil, 

nd avanafil which are used to treat erectile dysfunction. Preclin- 

cal 54–60 and Phase I clinical trials 61–63 have shown that PDE-5 

nhibitors could be useful for treating OAB. Protein kinase A or 

AMP-dependent protein kinase, like its counterpart PKG, has an 

nhibitory effect on the activity of MLCK ( Figure 1 ). The coun- 

erpart of the enzyme PDE-5, PDE-4, catalyzes the metabolism of 

AMP ( Figure 1 ). Hence, inhibition of PDE-4 would inhibit the 

ctivity of MLCK, leading to muscle relaxation. Ding et al 64 re- 

orted that the PDE-4 inhibitor roflumilast prevented the aug- 

ented frequency and nonvoid contractions in obesity-associated 

AB in rats fed a high-fat diet. The enzyme Rho kinase inhibits 

yosin light chain phosphatase, thereby favoring smooth muscle 

ontraction ( Figure 3 ). Preclinical studies have shown that Rho ki- 
66–69 
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Table 4 

Trials of drugs for treating overactive bladder acting on miscellaneous targets. 

Drug Drug class Phase Source of tissue Reference 

Tramadol Atypical opioid analgesic Preclinical Goat 70 

Pregabalin, lamotrigine Anticonvulsant Phase I NA 71 

Pregabalin Anticonvulsant Phase I NA 72 

Pirt Endogenous protein Preclinical Mouse 73 

Trimetazidine Antianginal drug Preclinical Mouse 74 

URO-902 (hMaxi-K) Gene Phase I Human 75 

NA = Not applicable. 
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rugs acting on miscellaneous targets 

Kumar et al 70 showed that the atypical opioid analgesic tra- 

adol inhibits the ACh-induced contractility of the isolated goat 

etrusor in a concentration-dependent manner ( Table 4 ). The in- 

ibition was reversed by raising the concentration of ACh. Pro- 

ranolol but not naloxone reversed tramadol’s inhibition of ACh- 

nduced detrusor contractility. These results suggested to the au- 

hors that tramadol inhibits ACh-induced detrusor contractility by 

n indirect anticholinergic mechanism involving the stimulation 

f β adrenergic receptors. Pregabalin, an anticonvulsant, has been 

hown by Loutochin et al 71 and Marencak et al 72 to inhibit isolated 

etrusor contractility and be potentially usable for treating OAB. 

ngin et al 74 showed that the antianginal drug trimetazidine pro- 

uces a concentration-dependent relaxation of the isolated mouse 

etrusor, possibly through its effects on Ca 2 + and K 

+ channels. 

Gene therapy, the modification or manipulation of the expres- 

ion of genes to change the biological properties of cells is also 

eing attempted for the treatment of OAB. The large conductance 

a 2 + -activated K 

+ (also called big potassium [BK ca ]) channel is 

ighly expressed on detrusor muscle cells and regulates detrusor 

uscle contraction. This channel is activated by changes in both 

oltage and cytoplasmic Ca 2 + levels. Activation of the BK ca channel 

ay be a therapeutic option for treating OAB. 

URO-902 is a plasmid vector that expresses the BK ca α subunit. 

ovner et al 75 evaluated the use of URO-902 for treating OAB in 

emale patients in 2 Phase I RCTs. The drug doses were adminis- 

ered and evaluated sequentially (lowest dose first). In 1 RCT, code 

amed ION-02, conducted on patients with OAB using a catheter 

xtending into the lumen of the urinary bladder, 50 0 0 μg URO-902 

as instilled in 10 patients, 10,0 0 0 μg in 6 patients, and placebo 

n phosphate-buffered saline–20% sucrose in 5 patients. Study pa- 

ients were requested to retain the solution in the bladder for at 

east 2 hours. Of the 10 patients who received 50 0 0 μg URO-902, 

nly 7 completed the study. The other RCT, code named ION-03, 

as conducted on patients with OAB with injections given directly 

nto the bladder wall using cystoscopy as follows: 16,0 0 0 μg URO- 

02 in 6 patients 24,0 0 0 μg in 3 patients, and placebo (as in ION-

2) in 4 patients. The study period for both RCTs was 6 months 

ollowing treatment with URO-902. Posttreatment visits occurred 

t 1, 2, 4, 8, 16, and 24 weeks. 

The safety profile (or tolerability) was the primary outcome 

easure. The secondary outcome measure was drug efficacy. 

mong the safety outcomes, there was no dose-limiting toxicity or 

ignificant adverse events preventing dose escalation during either 

CT and no subject withdrew from the RCT due to adverse events. 

egarding efficacy, in ION-02 (n = 21), involuntary detrusor con- 

ractions on urodynamics at 24 weeks in patients ( P < 0.0508 vs 

lacebo) and average urinary incontinence episodes in the 50 0 0- 

g group ( P = 0.0812 vs placebo) showed a trend toward statisti- 

al significance. In ION-03 (n = 13), significant reductions compared 

ith placebo in urgency episodes (16,0 0 0 μg, P = 0.036; 24,0 0 0 

g, P = 0.047) and number of voids (16,0 0 0 μg, P = 0.04; 24,0 0 0

g, P = 0.047) were observed 1 week after injection. Hence, it has 

een suggested that there should be further research on larger 

linical studies on gene therapy involving the BK ca α subunit. 76 
7

onclusions 

OAB is a common clinical problem for which currently used 

rugs either inhibit the cholinergic nerve supply or augment the 

drenergic nerve supply to the detrusor muscle of the urinary 

ladder. These drugs have drawbacks because some patients do not 

espond adequately to treatment and some drugs have a bad safety 

rofile. As described in this article, there are several drugs under- 

oing preclinical or clinical drug trials. These include drugs acting 

n the autonomic nerve supply to the detrusor, ion channels, en- 

ymes, and miscellaneous targets. If 1 or more of these drugs are 

pproved for the treatment of patients with OAB, the treatment of 

atients with OAB might be improved. 

cknowledgments 

This work did not involve any fund or grant. The authors ac- 

nowledge Dr Margaret Shanthi, MD, professor of pharmacology, 

or stimulating their interest in this work, and Dr Pippa Deodhar, 

hD, scientist, grade 4, research promotion & development, prin- 

ipal’s office, for reading and improving the manuscript. S. Joseph, 

.A. Maria and J. Peedicayil wrote and revised the manuscript. J. 

eedicayil did the literature search and prepared the figures. 

onflicts of Interest 

The authors have indicated that they have no conflicts of inter- 

st regarding the content of this article. 

eferences 

1. Drake MJ. Do we need a new definition of the overactive bladder syndrome? 
ICI-RS 2013. Neurourol Urodyn . 2014;33:622–624 . 

2. Drake M, Abrams P. Overactive bladder. In: Campbell’s Urology . Philadelphia, PA: 

Elsevier Saunders; 2012:1947–1957 . 
3. Irwin DE, Milsom I, Hunskaar S, et al. Population-based survey of urinary in- 

continence, overactive bladder, and other lower urinary tract symptoms in five 
countries: Results of the EPIC study. Eur Urol . 2006;50:1306–1315 . 

4. Yoshimura N, Chancellor MB. Physiology and pharmacology of the bladder and 
urethra. In: Wein AJ, ed. Campbell- Walsh Urology . Philadelphia, PA: Elsevier 

Saunders; 2012:1786–1833 . 

5. Scarneciu I, Lupu S, Bratu OG, et al. Overactive bladder: A review and update. 
Exp Ther Med . 2021;22:14 4 4 . 

6. Murphy CM. Writing an effective review article. J Med Toxicol . 2012;8:89–90 . 
7. Chapple CR, Wein AJ, Abrams P, et al. Lower urinary tract symptoms revisited: 

A broader clinical perspective. Eur Urol . 2008;54:563–569 . 
8. Andersson K-E, Arner A. Urinary bladder contraction and relaxation: Physiology 

and pathophysiology. Physiol Rev . 2004;84:935–986 . 

9. Andersson K-E, Hedlund P. Pharmacologic perspective on the physiology of the 
lower urinary tract. Urology . 2002;60(Suppl 5A):13–20 . 

10. Malysz J, Petkov GV. Urinary bladder smooth muscle ion channels: Expres- 
sion, function, and regulation in health and disease. Am J Physiol Renal Physiol . 

2020;319:F257–F283 . 
11. Anjum I. Calcium sensitization mechanisms in detrusor smooth muscles. J Basic 

Clin Physiol Pharmacol . 2018;29:227–235 . 
12. Artim DE, Kullmann FA, Daugherty SL, Wu H-Y, de Groat WC. Activation of the 

nitric oxide-cGMP pathway reduces phasic contractions in neonatal rat bladder 

strips via protein kinase G. Am J Physiol Renal Physiol . 2009;297:F333–F340 . 
13. Fry CH, Chakrabarty B, Hashitani H, et al. New targets for overactive bladder –

ICI-RS 2109. Neurourol Urodyn . 2020;39(Suppl 3):S113–S121 . 
14. Leron E, Weintraub AY, Mastrolia SA, Schwarzman P. Overactive bladder syn- 

drome: Evaluation and management. Curr Urol . 2018;11:117–125 . 

http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0001
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0002
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0003
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0004
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0005
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0006
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0007
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0008
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0009
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0010
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0011
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0012
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0013
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0014


S. Joseph, S.A. Maria and J. Peedicayil Current Therapeutic Research 96 (2022) 100669 

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

4

4  

4

4

4

4

4

4

5

5

5

5

5

5

5

5

6

6

6

6  

6

6

6

6

7

15. Peyronnet B, Mironska E, Chapple C, et al. A comprehensive review of over- 
active bladder pathophysiology: On the way to tailored treatment. Eur Urol . 

2019;75:988–10 0 0 . 
16. Brown JH, Brandl K, Wess J. Muscarinic receptor agonists and antagonists. In: 

Brunton LL, Hilal-Dandan R, Knollmann BC, eds. The Pharmacological Basis of 
Therapeutics . New York: McGraw-Hill; 2017:149–161 . 

17. Kreydin EI, Gomes CM, Cruz F. Current pharmacotherapy of overactive bladder. 
Int Braz J Urol . 2021;47:1091–1107 . 

18. Araklitis G, Baines G, da Silva AS, Robinson D, Cardozo L. Recent advances in 

managing overactive bladder. F10 0 0Res . 2020;9 F10 0 0 Faculty Rev-606 . 
19. Fogaing C, Mossa AH, Campeau L. Are beta 3 adrenergic agonists now the 

preferred pharmacological management of overactive bladder? Curr Urol Rep . 
2020;21:49 . 

0. Dmochowski R, Sand PK. Botulinum toxin A in the overactive bladder: Current 
status and future directions. BJU Int . 2007;99:247–262 . 

21. Dressler D, Adib Saberi F. Botulinum toxin: Mechanisms of action. Eur Neurol . 

2005;53:3–9 . 
2. Mohee A, Khan A, Harris N, Eardley I. Long-term outcome of the use of intrav- 

esical botulinum toxin for the treatment of overactive bladder (OAB). BJU Int . 
2013;111:106–113 . 

3. Milsom I, Wagg A, Oelke M, Chapple C. Which drugs are best for overactive 
bladder? From patients’ expectations to physicians’ decisions. Int J Clin Pract . 

2021;75:e13870 . 

4. Chen L-C, Kuo H-C. Current management of refractory overactive bladder. Lower 
Urinary Tract Symptoms . 2020;12:109–116 . 

5. George N, Shiny PJ, Miriam J, Nancy CA, Dhanasekar KR, Peedicayil J. Inhibitory 
effect of anticholiner gics on the contraction of isolated caprine urinary bladder 

detrusor muscle. Auton Autacoid Pharmacol . 2010;30:173–177 . 
6. Song M, Kim JH, Lee KS, et al. The efficacy and tolerability of tarafenacin, a 

new muscarinic acetylcholine receptor M3 antagonist in patients with overac- 

tive bladder; Randomised, double-blind, placebo-controlled phase 2 study. Int J 
Clin Pract . 2015;69:242–250 . 

27. Zacche MM, Giarenis I, Cardozo L. Phase II drugs that target cholinergic re- 
ceptors for the treatment of overactive bladder. Expert Opin Invest Drugs . 

2014;23:1365–1374 . 
8. Hicks A, McCafferty GP, Riedel E, et al. GW427353 (solabegron), a novel, 

selective beta3-adrenergic receptor agonist, evokes bladder relaxation and 

increases micturition reflex threshold in the dog. J Pharmacol Exp Ther . 
2007;323:202–209 . 

9. Ohlstein EH, von Keitz A, Michel MC. A multicenter, double-blind, randomized, 
placebo-controlled trial of the β3 agonist solabegron for overactive bladder. Eur 

Urol . 2012;62:834–840 . 
0. Maruyama I, Tatemichi S, Goi Y, et al. Effects of ritobegron (KUC-7483), a novel 

selective β3 -adrenoceptor agonist, on bladder function in cynomolgus monkey. 

J Pharmacol Exp Ther . 2012;342:163–168 . 
31. Maruyama I, Goi Y, Tatemichi S, et al. Bladder selectivity of the novel β3 -agonist 

ritobegron (KUC-7483) explored by in vitro and in vivo studies in the rat. 
Naunyn Schmiedebergs Arch Pharmacol . 2012;385:845–852 . 

2. Edwards G, Henshaw M, Miller M, Weston AH. Comparison of the effects of 
several potassium-channel openers on rat bladder and rat portal vein in vitro. 

Br J Pharmacol . 1991;102:679–686 . 
3. Zografos P, Li JH, Kau ST. Comparison of the in vitro effects of K + channel 

modulators on detrusor and portal vein strips from guinea pigs. Pharmacology . 

1992;45:216–230 . 
4. Zhou Q, Satake N, Shibata S. The inhibitory mechanisms of nicorandil in isolated 

rat urinary bladder and femoral artery. Eur J Pharmacol . 1995;273:153–159 . 
5. Faruqui AR, Mathai J, George J, Peedicayil J, Ernest K, Neelakantan N. Inhibitory 

effect of nicorandil on the contraction of isolated human urinary bladder de- 
trusor muscle. Methods Find Exp Clin Pharmacol . 2008;30:363–366 . 

6. Darblade B, Behr-Roussel D, Oger S, et al. Effects of potassium channel modu- 

lators on human detrusor smooth muscle myogenic phasic contractile activity: 
Potential therapeutic targets for overactive bladder. Urology . 2006;68:4 42–4 48 . 

37. Badawi JK, Ding A, Bross S. Inhibitory effects of different ATP-sensitive potas- 
sium channel openers on electrically generated and carbachol-induced con- 

tractions of porcine and human detrusor muscle. Fundam Clin Pharmacol . 
2008;22:75–86 . 

8. Badawi JK, Kirschner-Hermanns R, Ding A. Inhibitory effects of the ATP-sensitive 

potassium channel openers cromakalim, pinacidil and minoxidil on the carba- 
chol-responsive curve in porcine detrusor muscle. Arab J Urol . 2012;10:207–215 . 

9. Chapple CR, Patroneva A, Raines SR. Effect of an ATP-sensitive potassium chan- 
nel opener in subjects with overactive bladder: A randomized, double-blind, 

placebo-controlled study (ZD0947IL/0 0 04). Eur Urol . 2006;49:879–886 . 
0. Buckner SA, Milicic I, Daza AV, Coghian MJ, Gopalakrishnan M. Spontaneous 

phasic activity of the pig urinary bladder smooth muscle: Characteristics and 

sensitivity to potassium channel modulators. Br J Pharmacol . 2002;135:639–648 . 
41. Mora TC, Suarez-Kurtz G. Effects of NS1608, a BK(Ca) channel agonist, on 

the contractility of guinea-pig urinary bladder in vitro. Br J Pharmacol . 
2005;144:636–641 . 

2. Badawi JK, Li H, Langbein S, Kwon S-T, Kamp S, Bross S. Inhibitory effects of L-
and T- type calcium antagonists on contractions of human detrusor muscle. Eur 

J Clin Pharmacol . 2006;62:347–354 . 

3. Kobayter S, Young JS, Brain KL. Prostaglandin E 2 induces spontaneous rhythmic 
activity in mouse urinary bladder independently of efferent nerves. Br J Phar- 

macol . 2012;165:401–413 . 
8 
4. Maria SA. To study the effect of cilnidipine on the contraction of isolated 
caprine detrusor muscle. Thesis submitted to the Tamil Nadu Dr MGR Medical 

University, Chennai, India, in partial fulfilment for the MD degree in pharma- 
cology, 2021. 

5. Soder RP, Parajuli SP, Hristov KL, Rovner ES, Petkov GV. SK channel-selective 
opening by SKA-31 induces hyperpolarization and decreases contractility in hu- 

man urinary bladder smooth muscle. Am J Physiol Regul Integr Comp Physiol . 
2013;304:R155–R163 . 

6. Parajuli SP, Hristov KL, Soder RP, Kellett WF, Petkov GP. NS309 decreases rat 

detrusor smooth muscle membrane potential and phasic contractions by acti- 
vating SK3 channels. Br J Pharmacol . 2013;168:1611–1625 . 

47. Andersson K-E. Agents in early development for treatment of bladder dys- 
function – Promise of drugs acting at TRP channels? Expert Opin Invest Drugs . 

2019;28:749–755 . 
8. Smith AC, Hristov KL, Cheng Q, et al. Novel role for the transient potential re- 

ceptor melastatin 4 channel in guinea pig detrusor smooth muscle physiology. 

Am J Physiol Cell Physiol . 2013;304:C467–C477 . 
9. Isogai A, Lee K, Mitsui R, Hashitani H. Functional coupling of TRPV4 channels 

and BK channels in regulating spontaneous contractions of the guinea pig uri- 
nary bladder. Pflugers Arch . 2016;468:1573–1585 . 

0. Nakanishi O, Fujimori Y, Aizawa N, et al. KPR-5714, a novel transient recep- 
tor potential melastatin 8 antagonist, improves overactive bladder via inhibi- 

tion of bladder afferent hyperactivity in rats. J Pharmacol Exp Ther . 2020;373: 

239–247 . 
51. Daugherty SL, Beckel JM, Kim KA, et al. TRP channel agonists activate differ- 

ent afferent neuromodulatory mechanisms in guinea pig urinary bladder. Front 
Physiol . 2021;12:692719 . 

2. Truss MC, Uckert S, Stief CG, et al. Effects of various phosphodiesterase - in- 
hibitors, forskolin, and sodium ntroprusside on porcine detrusor smooth mus- 

cle tonic responses to muscarigenic stimulation and cyclic nucleotide levels in 

vitro. Neurourol Urodyn . 1996;15:59–70 . 
3. Qiu Y, Kraft P, Craig EC, Liu X, Haynes-Johnson D. Cyclic nucleotide phosphodi- 

esterases in rabbit detrusor smooth muscle. Urology . 2002;59:145–149 . 
4. Moon A. Influence of nitric oxide signalling pathways on pre-contracted human 

detrusor smooth muscle in vitro. BJU Int . 2002;89:942–949 . 
5. Orman B, Sterin-Borda L, Reina S, Borda ES. Neuronal nitric oxide synthase ac- 

tivity in rat urinary bladder detrusor: Participation in M 3 and M 4 receptor func- 

tion. Auton Autacoid Pharmacol . 20 05;25:93–10 0 . 
6. Báu FR, Mónica FZT, Priviero FBM, Baldissera L, de Nucci G, Antunes E. Eval- 

uation of the relaxant effect of the nitric oxide-independent soluble guanylyl 
cyclase stimulator BAY 41-2272 in isolated detrusor smooth muscle. Eur J Phar- 

macol . 2010;637:171–177 . 
57. Oger S, Behr-Roussel D, Gorny D, et al. Signalling pathways involved in silde- 

nafil-induced relaxation of human bladder dome smooth muscle. Br J Pharma- 

col . 2010;160:1135–1143 . 
8. Bassiouni W, Senbel A, Norel X, Daabees T. Sildenafil corrects the increased con- 

tractility of rat detrusor muscle induced by alprostadil in vitro. Pharmacol Rep . 
2019;71:659–668 . 

9. Chakrabarty B, Ito H, Ximenes M, et al. Influence of sildenafil on the purinergic 
components of nerve-mediated and urothelial ATP release from the bladder of 

normal and spinal cord injured mice. Br J Pharmacol . 2019;176:2227–2237 . 
0. Dhruva A, Hamsavardhini V, Kamatham S, et al. Avanafil inhibits the con- 

tractility of the isolated caprine detrusor muscle. Int J Appl Basic Mes Res . 

2019;9:231–235 . 
61. Dell’atti L. Efficacy of tadalafil once daily versus fesoterodine in the treat- 

ment of overactive bladder in older patients. Eur Rev Med Pharmacol Sci . 
2015;19:1559–1563 . 

2. Chen H, Wang F, Yu Z, et al. Efficacy of daily low-dose tadalafil for treating 
overactive bladder: Results of a randomized, double-blind, placebo-controlled 

trial. Urology . 2017;100:59–64 . 

3. Matsuo T, Miyata Y, Araki K, et al. Efficacy of tadalafil therapy and changes in 
oxidative stress levels in male patients with lower urinary tract symptoms and 

overactive bladder. Low Urin Tract Symptoms . 2020;12:47–53 . 
4. Ding H, Li N, He X, Liu B, Dong L, Liu Y. Treatment of obesity-associated over-

active bladder by the phosphodiesterase type-4 inhibitor roflumilast. Int Urol 
Nephrol . 2017;49:1723–1730 . 

5. contractions on calcium sensitization and calcium entry through 

LOE-908-sensitive channels. Br J Pharmacol . 2001;134:78–87 . 
6. Teixeira CE, Jin L, Priviero FB, Ying Z, Webb RC. Comparitive pharmacologi- 

cal analysis of Rho- kinase inhibitors and identification of molecular compo- 
nents of Ca 2 + sensitization in the rat lower urinary tract. Biochem Pharmacol . 

2007;74:647–658 . 
67. Tatsumiya K, Yamanishi T, Watanabe M, et al. Effects of fasudil, a Rho-kinase 

inhibitor, on contraction of pig bladder tissues with or without urothelium. Int 

J Urol . 2009;16:959–966 . 
8. Poley RN, Dosier CR, Speich JE, Miner AS, Ratz PH. Stimulated calcium entry 

and constitutive RhoA kinase activity cause stretch-induced detrusor contrac- 
tion. Eur J Pharmacol . 2008;599:137–145 . 

9. Shahab N, Kajioka S, Seki N, Naito S. Functional role of muscarinic receptor sub- 
types in calcium sensitization and their contribution to rho-kinase and protein 

kinase C pathways in contraction of human detrusor smooth muscle. Urology . 

2012;79 1184.e7-13 . 
0. Kumar A, Prabha R, Paul T, Shanthi M, George J, Peedicayil J, Ernest K. Tra- 

madol inhibits the contractility of isolated caprine detrusor muscle. Auton Au- 
tacoid Pharmacol . 2012;32:15–22 . 

http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0015
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0016
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0017
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0018
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0019
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0020
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0021
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0022
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0023
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0024
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0025
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0026
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0027
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0028
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0029
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0030
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0031
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0032
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0033
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0034
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0035
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0036
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0037
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0038
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0039
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0040
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0041
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0042
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0043
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0045
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0046
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0047
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0048
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0049
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0050
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0051
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0052
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0053
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0054
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0055
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0056
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0057
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0058
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0059
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0060
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0061
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0062
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0063
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0064
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0065
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0066
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0067
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0068
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0069
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0070


S. Joseph, S.A. Maria and J. Peedicayil Current Therapeutic Research 96 (2022) 100669 

7

7

7

7

71. Loutochin O, Al Afraa T, Campeau L, Mahfouz W, Elzayat E, Corcos J. Effect of 
the anticonvulsant medications pregabalin and lamotrigine on urodynamic pa- 

rameters in an animal model of neurogenic detrusor overactivity. Neurourol Uro- 
dyn . 2012;31:1197 -102 . 

2. Marencak J, Cossons NH, Darekar A, Mills IW. Investigation of the clinical ef- 
ficacy and safety of pregabalin alone or combined with tolterodine in female 

subjects with idiopathic overactive bladder. Neurourol Urodyn . 2011;30:75–82 . 
3. Gao X-F, Feng J-F, Wang W, et al. Pirt reduces bladder overactivity by inhibiting 

purinergic receptor P2X3. Nat Commun . 2015;6:7650 . 

74. Engin S, Yasar YK, Barut EN, Getboga D, Erac Y, Sezen SF. The inhibitory ef- 
fect of trimetazidine on detrusor contractility: A potential repositioning of 

trimetazidine for the treatment of overactive bladder. J Pharm Pharmacol . 
2022;74:94–102 . 
9 
5. Rovner E, Chai TC, Jacobs S, et al. Evaluating the safety and potential activity 
of URO-902 (hMaxi-K) gene transfer by intravesical instillation or direct injec- 

tion into the bladder wall in female participants with idiopathic (non-neuro- 
genic) overactive bladder syndrome and detrusor overactivity from two dou- 

ble-blind, imbalanced, placebo-controlled randomized phase 1 trials. Neurourol 
Urodyn . 2020;39:744–753 . 

6. Andersson K-E, Christ GJ, Davies KP, Rovner ES, Melman A. Gene therapy for 
overactive bladder: A review of BK-channel α- subunit gene transfer. Ther Clin 

Risk Manag . 2021;17:589–599 . 

http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0071
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0072
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0073
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0074
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0075
http://refhub.elsevier.com/S0011-393X(22)00008-X/sbref0076

	Drugs Currently Undergoing Preclinical or Clinical Trials for the Treatment of Overactive Bladder: A Review
	Introduction
	Drug targets for the treatment of OAB
	Pathophysiology and pathogenesis of OAB
	Current management of OAB
	Current drug therapy of OAB
	Potential drugs for treating OAB
	Drugs acting on the autonomic nervous system
	Drugs acting on ion channels
	Drugs acting on specific enzymes
	Drugs acting on miscellaneous targets


	Conclusions
	Acknowledgments
	Conflicts of Interest
	References


