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ABSTRACT
This study was aimed at determining the effect of duloxetine (a
serotonin-norepinephrine reuptake inhibitor) on pudendal in-
hibition of bladder overactivity. Cystometrograms were per-
formed on 15 cats under a-chloralose anesthesia by infusing
saline and then 0.25% acetic acid (AA) to induce bladder
overactivity. To inhibit bladder overactivity, pudendal nerve
stimulation (PNS) at 5 Hz was applied to the right pudendal
nerve at two and four times the threshold (T) intensity for
inducing anal twitch. Duloxetine (0.03–3 mg/kg) was adminis-
tered intravenously to determine the effect on PNS inhibition.
AA irritation significantly (P , 0.01) reduced bladder capacity
to 27.96 4.6% of saline control capacity. PNS alone at both 2T
and 4T significantly (P , 0.01) inhibited bladder overactivity
and increased bladder capacity to 83.6 6 7.6% and 87.5 6
7.7% of saline control, respectively. Duloxetine at low doses
(0.03–0.3 mg/kg) caused a significant reduction in PNS inhibition

without changing bladder capacity. However, at high doses
(1–3 mg/kg) duloxetine significantly increased bladder ca-
pacity but still failed to enhance PNS inhibition. WAY100635
(N-[2-[4-(2-methoxyphenyl)-1-piperazinyl]ethyl]-N-(2-pyridyl)
cyclohexanecarboxamide; a 5-HT1A receptor antagonist,
0.5–1 mg/kg i.v.) reversed the suppressive effect of dulox-
etine on PNS inhibition and significantly (P , 0.05) increased
the inhibitory effect of duloxetine on bladder overactivity but
did not enhance the effect of PNS. These results indicate that
activation of 5-HT1A autoreceptors on the serotonergic
neurons in the raphe nucleus may suppress duloxetine and
PNS inhibition, suggesting that the coadministration of a
5-HT1A antagonist drug might be useful in enhancing the
efficacy of duloxetine alone and/or the additive effect of PNS-
duloxetine combination for the treatment of overactive
bladder symptoms.

Introduction
Overactive bladder (OAB) is a syndrome characterized by

urinary urgency, frequency, and often incontinence that is
estimated to affect approximately 30 million adults in the
United States (Coyne et al., 2011). Antimuscarinic drugs are
the first-line therapy for OAB, but bothersome side effects and
moderate efficacy have resulted in low long-term compliance
(Chapple et al., 2008). A search for more effective alternative
therapies has led to the development of several neuromodula-
tion devices (van Kerrebroeck et al., 2007; Peters et al., 2009)
and the recent approvals of mirabegron (a b3-adrenergic
receptor agonist) (Chapple et al., 2013) and onabotulinum
toxin A (Nitti et al., 2013) for the treatment of OAB, as well as
to the clinical testing of a number of experimental drugs that
act at sites in the central nervous system or in the lower

urinary tract (Andersson, 2004). Duloxetine [a serotonin-
norepinephrine reuptake inhibitor (SNRI)], which is cur-
rently approved in Europe for the treatment of stress
urinary incontinence (Jost and Marsalek, 2005), has also
exhibited efficacy in clinical trials in treating OAB (Steers
et al., 2007; Di Rezze et al., 2012). However, its use is
plagued with high numbers of reported side effects such as
nausea (31%), dry mouth (16%), dizziness (14%), and
constipation (14%) (Steers et al., 2007; Di Rezze et al., 2012).
Sacral and tibial neuromodulation are US Food and Drug

Administration (FDA)–approved OAB treatments that are only
provided to patients after pharmacotherapies have failed (van
Kerrebroeck et al., 2007; Peters et al., 2009). In addition,
pudendal neuromodulation, which is not FDA-approved, has
been shown in preliminary studies to be superior to sacral
neuromodulation in OAB treatment (Peters et al., 2005, 2010).
Our recent pharmacological studies in cats have revealed that
modulation of acetic acid (AA)–induced bladder overactivity by
tibial and pudendal nerve stimulation (PNS) may be mediated
by different mechanisms. Naloxone (an opioid receptor antag-
onist) reduced the inhibitory effect of tibial nerve stimulation
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(Tai et al., 2012) but did not alter the response to PNS (Mally
et al., 2013). Furthermore, tramadol (an opioid agonist) at a low
dose significantly enhanced the inhibition of bladder over-
activity induced by tibial nerve stimulation (Zhang et al., 2012).
On the other hand, methysergide (a 5-HT2 receptor antagonist)
or ondansetron (a 5-HT3 receptor antagonist) can reduce the
PNS inhibitory effect (Matsuta et al., 2013; Schwen et al.,
2013). These data suggest that activation of opioid receptors
plays an important role in tibial (Tai et al., 2012; Zhang et al.,
2012) but not pudendal neuromodulation (Mally et al., 2013)
and that 5-HT2/3 receptors are involved in PNS inhibition of
bladder overactivity (Matsuta et al., 2013; Schwen et al., 2013).
In the present experiments, we explored further the role of

5-HTmechanisms in pudendal neuromodulation in anesthetized
cats by studying the effect of duloxetine on PNS inhibition of
bladder overactivity induced by intravesical infusion of diluteAA
(0.25%). We hypothesized that a low dose of duloxetine might
upregulate 5-HT inhibitory mechanisms in the brain or spinal
cord and significantly enhance the PNS inhibition of bladder
overactivity.When used clinically, a low dose of duloxetinemight
cause fewer side effects, whereas its efficacy in the treatment of
OAB might still be maintained when combined with PNS.
Because the facilitatory effect of duloxetine on 5-HTmechanisms
can be suppressed by activation of the 5-HT1A autoreceptors on
serotonergic neurons in the raphe nucleus (Gartside et al., 1997;
Bjorvatn et al., 2000), WAY100635 (N-[2-[4-(2-methoxyphenyl)-
1-piperazinyl]ethyl]-N-(2-pyridyl)cyclohexanecarboxamide; a
5-HT1A receptor antagonist) was also used to investigate the
role of 5-HT1A receptors in duloxetine and PNS inhibition of
bladder overactivity.

Materials and Methods
All protocols involving the use of animals in the present study were

approved by the Animal Care and Use Committee at the University of
Pittsburgh.

Experimental Setup. Experiments were conducted in a total of 15
cats (9 male and 6 female, weight 2.9–3.9 kg) anesthetized with 2–5%
isoflurane for surgery and maintained with a-chloralose (65 mg/kg i.v.
with supplemental doses as needed) during data collection. Heart rate
and blood oxygen saturation levels were monitored by a pulse oximeter
(9847 V; NONIN Medical, Inc., Plymouth, MN) attached to the tongue.
Arterial blood pressure was monitored via a catheter in the right
carotid artery. Drugs and fluid were given via the cephalic vein and
airway access was secured using a tracheostomy tube.

The ureters were isolated via a midline abdominal incision, cut and
drained externally. The bladder was cannulated through the urethra
with a double lumen catheter that was secured in place with a ligature
to prevent urethral leakage. One lumen was used to instill saline or
0.25% AA at a rate of 1–2 ml/min; the other lumen was attached to
a pressure transducer to measure bladder pressure. The pudendal
nerve was dissected in the region of the right sciatic notch and
a tripolar cuff electrode (NC223pt; MicroProbe, Inc., Gaithersburg,
MD) was applied around the nerve and connected to a stimulator
(S88; Grass Medical Instruments, Quincy, MA).

Simulation Protocol. Uniphasic rectangular pulses (5-Hz fre-
quency, 0.2-millisecond pulse width) were delivered to the pudendal
nerve. Stimulation intensity threshold (T) was defined as the minimal
intensity to induce anal twitch. Multiples (2T and 4T) of the threshold
intensity were used in the pharmacological experiments.

Initial cystometrograms (CMG)were performed using saline infusion
to determine bladder capacity, which was defined as the minimal
bladder volume necessary to induce a large amplitude (.30 cm H2O)
and long duration (.20 seconds) bladder contraction. Multiple saline

CMGs were repeated to ensure reproducibility. Repeated CMGs then
were performed with instillation of 0.25% AA to irritate the bladder,
activate nociceptive bladder C-fiber afferents, and induce bladder
overactivity. In this article, bladder overactivity is defined as an
overactivemicturition reflex, evidenced by amarked reduction in bladder
capacity (Fig. 1). The change in bladder capacity was measured by
normalizing the AA irritation–induced small bladder capacity to the
normal capacity during saline distention. Small bladder contractions
(,30 cm H2O or ,20 seconds duration) occurring before the large
micturition reflex contraction (see Fig. 2) were not used as a measure of
bladder overactivity, because they could be caused by intrinsic bladder
muscle contractions instead of reflexes. In addition they occurred
inconsistently under the same conditions (duloxetine treatment or during
PNS); and therefore it was difficult to use these small contractions to
study the effects of drugs or PNS (see Supplemental Fig. 1).

Once bladder capacity stabilized and prior to administration of any
drug, four CMGswere performedwith AA infusion: (1) control without
PNS, (2) during 2T PNS, (3) during 4T PNS, and (4) control without
PNS to determine any poststimulation effect. The bladder was
emptied at the end of each CMG and a 3- to 5-minute rest period
was inserted between CMGs. After the predrug CMGs were
performed, the animals were divided into two groups. In the first
group (N 5 5 cats), increasing cumulative doses (0.03, 0.1, 0.3, 1, and
3 mg/kg i.v.) of duloxetine (Selleck Chemicals, Houston, TX) were given
to determine the drug effect on bladder capacity and PNS inhibition. Ten

Fig. 1. Pudendal nerve stimulation inhibits bladder overactivity (i.e.,
smaller bladder capacity) caused by 0.25% AA irritation. (A) CMG traces
during saline or AA infusion with or without PNS. The stimulation
duration is indicated by the black bars under the bladder pressure traces.
T, PNS threshold intensity for inducing anal sphincter twitch. T = 1 V.
Infusion rate = 2 ml/min. (B) Bladder capacity measured during CMGs
under different conditions (N = 5 cats). PNS, 5 Hz, 0.2 milliseconds. T =
0.3–1.8 V. *Significantly (P , 0.01) different from the AA control before
PNS (one-way ANOVA).
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minutes after administration of each dose of duloxetine, the four
CMGs were repeated with AA infusion under the four conditions
(control, 2T PNS, 4T PNS, and post-PNS control). In the second group
(N 5 10 cats), a low dose of duloxetine (0.03 mg/kg i.v.) was given
followed by 0.5 mg/kg i.v. WAY100635. In seven of these cats, an
additional dose of duloxetine (total cumulative dose, 0.3 mg/kg i.v.)
was given followed by another dose of WAY100635 (total cumulative
dose, 1.0 mg/kg i.v.). Ten minutes after administration of each dose
of duloxetine and 5 minutes after administration of each dose of
WAY100635, the set of four CMGs was repeated with AA infusion.
The dosage of WAY100635 was chosen based on our previous study
(Tai et al., 2006). The purpose of the second group experiment was
to investigate the possible influence of 5-HT1A autoreceptors in
the raphe nucleus on duloxetine and PNS inhibition of bladder
overactivity.

Data Analysis. For each CMG, bladder capacity was normalized
to the initial saline control in the same animal, which allowed for
comparisons between animals. The bladder capacities were averaged
for each condition and reported with standard error of the mean.
Analysis of variance (ANOVA) followed by Dunnett (one-way) or
Bonferroni (two-way) post-tests were used to determine the statistical
significance (P , 0.05).

Results
PNS Inhibition of Bladder Overactivity. Acetic acid

irritated the bladder, induced bladder overactivity, and
significantly (P , 0.01) reduced bladder capacity to 27.9 6
4.6% (3.2 6 0.7 ml) of saline control capacity (11.4 6 2.3 ml,

N 5 15 cats) (Fig. 1). PNS at 2T and 4T applied during AA
CMGs significantly (P , 0.01) increased bladder capacity
to 83.6 6 7.6% and 87.5 6 7.7% of saline control capacity,
respectively (Fig. 1). After the stimulation, bladder capacity
returned to the prestimulation volume, indicating that there
was no poststimulation inhibition.
Dose-Dependent Effect of Duloxetine on Bladder

Overactivity and PNS Inhibition. In the absence of
PNS, duloxetine dose dependently increased bladder capacity
during AA infusion (Fig. 2A). This increase was significant
(P , 0.05) at doses of 1–3 mg/kg, returning the bladder
capacity to about 80% of saline control capacity at the highest
dose (3 mg/kg) (see AA Control in Fig. 3).
After administration of low doses (0.03–0.3 mg/kg) of

duloxetine (Figs. 2 and 3), which alone did not significantly
alter bladder capacity, PNS still increased bladder capacity, but
the increase elicited by 2Twas significantly (P, 0.05) reduced at
doses of 0.03–0.3 mg/kg and the increase by 4T was reduced at
doses of 0.03–0.1 mg/kg (Fig. 3). After higher doses of duloxetine
(1–3 mg/kg), which alone partially or completely reversed the
irritant effect of AA and significantly increased bladder capacity,
neither low (2T) or high (4T) intensity PNS produced a further
significant increase in bladder capacity (Fig. 3), although the
combined effect of duloxetine and PNS restored bladder capacity
to the control level before AA irritation.
Effect of WAY100635 on Duloxetine and PNS In-

hibition of Bladder Overactivity. WAY100635 (0.5 mg/kg
i.v., N 5 10 cats) reversed the suppressive effect of duloxetine

Fig. 2. Dose-dependent effect of duloxetine on PNS-induced
inhibition of bladder overactivity caused by AA irritation.
The CMGs were performed in sequence from left to right
(A–C) and from top to bottom in each figure. PNS duration
is indicated by black bar under bladder pressure trace.
T, PNS threshold intensity for inducing anal sphincter twitch.
(A) Control CMGs without PNS. (B) CMGs during 2T PNS.
(C) CMGs during 4TPNS. PNS, 5Hz, 0.2milliseconds. T = 1V.
Infusion rate = 2 ml/min.
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(0.03 mg/kg i.v.) on PNS inhibition without changing the
bladder overactivity (Figs. 4 and 5). In 7 of these 10 cats, after
treatment with WAY100635, a higher dose of duloxetine (0.3
mg/kg) significantly (P , 0.05) increased bladder capacity to
75.96 16.8% of saline control, after which 4T PNS significantly
(P , 0.05) increased bladder capacity by an additional 50% to
125.4 6 14.2% of saline control (Fig. 6). Under the same
conditions 2T PNS elicited a smaller and not statistically
significant increase in bladder capacity. An additional higher
dose of WAY100635 (1 mg/kg) did not significantly change the
baseline bladder capacity or the bladder capacities during PNS
(Fig. 6). However, after treatment with the combination of
duloxetine (0.3 mg/kg) and WAY100635 the bladder capacities
during 2T and 4T PNS were significantly larger than the
capacities during PNS before treatment (Fig. 6).

Discussion
This study showed in anesthetized cats that PNS signifi-

cantly inhibited bladder overactivity caused by AA irritation
(Fig. 1). Duloxetine also dose dependently inhibited the bladder
overactivity (Figs. 2 and 3), but it unexpectedly suppressed the
PNS inhibition (Figs. 2 and 3). WAY100635 reversed the
suppressive effect of duloxetine on PNS inhibition (Figs. 4 and
5) and increased the inhibitory effect of duloxetine (Fig. 6),
indicating a role of 5-HT1A receptors in modulating duloxetine
inhibition and the interaction between duloxetine and PNS
inhibition. After treatment with WAY100635, the effects of
PNS and duloxetine were additive (Fig. 6).
We confirmed reports from other investigators (Thor and

Katofiasc, 1995; Katofiasc et al., 2002) that duloxetine alone
increases bladder capacity and suppresses bladder overactivity
induced by intravesical administration of a chemical irritant.
In previous studies (Thor and Katofiasc, 1995; Katofiasc et al.,
2002) this effect of duloxetine was mimicked by venlafaxine
(another serotonin-norepinephrine reuptake inhibitor), whereas
a selective serotonin reuptake inhibitor [(S)-norfluoxetine]
had a much weaker effect, and a selective norepinephrine
(NE) reuptake inhibitor (thionisoxetine) was ineffective. The
effects of duloxetine were suppressed by methiothepin (a
nonselective 5-HT receptor antagonist). These findings led to
the conclusion that the inhibitory effect of duloxetine on
bladder overactivity was due to the combined inhibition of
5-HT and NE reuptake. Although it seems likely that a
similar mechanism contributes to the suppression of PNS
inhibition, it is noteworthy that this effect occurred at doses
below those necessary to directly increase bladder capacity
(Fig. 3). Therefore, this action of duloxetine on PNS inhibition
is considerably more sensitive to the drug than its inhibitory
effect on the reflex pathway mediating bladder overactivity.
When used clinically, differences in duloxetine dosing have also
been noted for treatment of different conditions. For example
the drug can be effective in treating depression and pain in
lower doses than those for treating stress urinary incontinence

Fig. 3. Summarized results of dose-dependent effect of duloxetine on the
following: (1) the capacity of the AA-irritated bladder and (2) PNS-induced
increase in bladder capacity (N = 5 cats). Bladder capacity was normalized
to saline control capacity before any treatment. PNS, 5 Hz, 0.2 milli-
seconds. T = 0.3–1.2 V. #Significantly (P , 0.05) different from AA control
(two-way ANOVA). @Significantly (P , 0.05) different from the bladder
capacity measured before duloxetine treatment (i.e., at 0 mg/kg of
duloxetine); *significantly (P , 0.05) different from bladder capacity
measured during PNS before duloxetine treatment (one-way ANOVA).

Fig. 4. WAY100635 reverses the suppressive effect of
duloxetine on pudendal inhibition of bladder overactivity
caused by AA irritation. The CMGs were performed in
sequence from left to right (A–C) and from top to bottom in
each figure. PNS duration is indicated by black bar under
bladder pressure trace. T, PNS threshold intensity for
inducing anal sphincter twitch. (A) Control CMGs without
PNS. (B) CMGs during 2T PNS. (C) CMGs during 4T PNS.
PNS, 5 Hz, 0.2 milliseconds. T = 1.6 V. Infusion rate = 1 ml/
min.
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(Jost andMarsalek, 2005; Robinson et al., 2013). The reason for
this difference in sensitivity is not known.
A more prominent difference in sensitivity to dulox-

etine of bladder reflex pathways was reported in the
chloralose-anesthetized cat where normal bladder activity
induced by saline distension of the bladder was completely
resistant to high doses of the drug, whereas bladder over-
activity induced by AA irritation was reduced by the drug
(Thor and Katofiasc, 1995). In the former condition, bladder
activity was mediated by a supraspinal micturition reflex
triggered by bladder Ad afferent fibers, whereas in the
irritated bladder, the overactivity was mediated at least in
part by a spinal reflex pathway activated by nociceptive
bladder C-fiber afferents (de Groat, 1997; Fowler et al., 2008).
This difference raises the possibility that the role of 5-HT/NE
mechanisms in the control of these two distinct bladder reflex
circuits is markedly different, i.e., important in the control of
the spinal circuitry and not important in the control of the
supraspinal pathway. Alternatively, it might be argued that

bladder irritation with AA unmasks a 5-HT/NE regulation of
bladder reflexes that can be further enhanced by duloxetine.
Because duloxetine inhibits the reuptake of both 5-HT and

NE, it is possible that multiple monoaminergic receptors may
play a role in the effects of the drug in our experiments and
that the effects on PNS inhibition may be mediated by
different monoaminergic mechanisms/receptors than those
mediating the effects on bladder capacity. Seven major
families of serotonergic receptors (5-HT1–7) with multiple
subtypes (total of 14) have been identified (Nichols and
Nichols, 2008). Our previous studies (Matsuta et al., 2013;
Schwen et al., 2013) in cats revealed that administration of
drugs that block 5-HT2 and 5-HT3 receptors reduced PNS
inhibition of bladder overactivity, suggesting that these
receptors are tonically activated by endogenous 5-HT and
facilitate the inhibitory pathway. Thus, it was logical to
expect that enhancing 5-HT transmission by blocking 5-HT
reuptake with duloxetine would enhance PNS inhibition.
However, duloxetine suppressed PNS inhibition (Fig. 3),
indicating that the putative tonic facilitatory mechanism in
PNS inhibition mediated by 5-HT2 and 5-HT3 receptors was
suppressed rather than enhanced by duloxetine. The reversal
by WAY100635 of the duloxetine effect on PNS inhibition
(Figs. 4–6) suggests that this may occur by modulation of
bulbospinal 5-HT pathways that originate in medullary raphe
nucleus and generate the release of 5-HT at various sites in
the spinal cord, including the dorsal horn and autonomic
nuclei (Gartside et al., 1997; Bjorvatn et al., 2000).
Administration of SNRIs such as duloxetine and venlafax-

ine as well as selective SNRIs is known to increase 5-HT
concentrations in brain stem raphe nucleus, which in turn
leads to activation of 5-HT1A autoreceptors expressed on the
serotonergic raphe neurons, resulting in a decline in raphe
neuron firing (Gartside et al., 1997; Bjorvatn et al., 2000) that
could decrease tonic 5-HT release in the spinal cord. This
negative feedback mechanism in the raphe nucleus would
counteract a possible downstream duloxetine effect on 5-HT2/3

mechanisms in the spinal cord (Gobert et al., 1995; Fornal
et al., 1996). Thus, PNS inhibition of bladder overactivity
seems to depend on either a tonic descending 5-HT facilita-
tion of the spinal inhibitory pathway or a direct activation of
5-HT raphe neuronal input to the spinal cord. This inhibition
could be suppressed by a 5-HT1A autoreceptor mechanism
in the raphe nucleus and thereby account for our finding
that duloxetine suppresses PNS inhibition. This 5-HT1A

autoreceptor mechanism is supported by the results that
WAY100635 can reverse the suppressive effect of duloxetine
on PNS inhibition (Fig. 5) and further enhance the inhibitory
effects of duloxetine on bladder overactivity (Fig. 6).
In addition to the reuptake inhibition of 5-HT, duloxetine

also inhibits the reuptake of NE. Although the inhibitory
effect of duloxetine on bladder overactivity is mainly caused
by reuptake inhibition of 5-HT instead of NE (Thor and
Katofiasc, 1995; Katofiasc et al., 2002), we cannot exclude
the possibility that duloxetine might also reduce the PNS
inhibition by enhancing noradrenergic receptor mechanisms.
NE-containing axons that originate from neurons in the brain
stem are located in lumbosacral spinal autonomic and somatic
motor nuclei as well as in the spinal dorsal horn (Mizukawa,
1980; Marks et al., 1990; Danuser et al., 1995) in proximity to
the terminals of bladder and pudendal nerve primary afferent
axons (Morgan et al., 1981; Thor et al., 1989), where they are

Fig. 5. Summarized results showing that WAY100635 reverses the
suppressive effect of duloxetine on pudendal inhibition of bladder
overactivity caused by 0.25% AA irritation (N = 10 cats). Bladder capacity
was normalized to saline control capacity before any treatment. PNS,
5 Hz, 0.2 milliseconds. T = 0.4–1.8 V. *Significantly (P , 0.05) different
from the bladder capacity measured during PNS before any drug treat-
ment (one-way ANOVA). #Significantly (P , 0.05) different from AA
control (two-way ANOVA).

Fig. 6. WAY100635 significantly enhanced both duloxetine and pudendal
inhibition of bladder overactivity caused by 0.25% AA irritation (N = 7
cats). Bladder capacity was normalized to saline control capacity before
any treatment. PNS, 5 Hz, 0.2 milliseconds. T = 0.4–1.8 V. @Significantly
(P , 0.05) different from the bladder capacity measured before any drug
treatment; *significantly (P , 0.05) different from the bladder capacity
measured during PNS before any drug treatment (one-way ANOVA);
#significantly (P , 0.05) different from the AA control (two-way ANOVA).
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well positioned to modulate lower urinary tract reflex
mechanisms. After administration of duloxetine (0.3 mg/kg)
and the largest dose of WAY100635, 2T PNS did not sig-
nificantly increase bladder capacity even though it signif-
icantly increased bladder capacity before treatment (Fig. 6).
This change in the effect of PNS might indicate that
neurotransmitter mechanisms other than those related to
activation of 5-HT1A receptors also suppress the duloxetine
facilitatory effect on 5-HT pathways. On the other hand,
duloxetine in combination with WAY100635 markedly in-
creased baseline bladder capacity (Fig. 6). This increase in
capacity could occur by the same mechanism as the increase
elicited by PNS, and therefore, the combined drug treatment
may have simply occluded the response to PNS. Clearly, more
studies are warranted to further investigate the interaction
between PNS and duloxetine as well as the role of different
serotonergic or adrenergic receptors in PNS inhibition of
bladder overactivity.
In conclusion, this study confirms previous reports about

the inhibitory effect of duloxetine on bladder overactivity,
reveals an unexpected suppressive effect of duloxetine on
PNS inhibition of bladder overactivity, and provides evi-
dence for a role of 5-HT1A receptors in a mechanism that
modulates the effects of duloxetine. These results suggest
that combining duloxetine with a 5-HT1A antagonist might
be useful clinically to reduce the effective dose of duloxetine
and/or to enhance the effects of a new combined PNS-
duloxetine therapy. Identification of neurotransmitter re-
ceptors involved in neuromodulation of bladder overactivity
will not only provide insight into the possible mechanisms of
action for bladder neuromodulation but may also promote the
development of new treatments for OAB using both drugs and
neuromodulation.
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