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Abstract 

The involvement of ionotropic glutamate receptors in bladder overactivity and 

pudendal neuromodulation was determined in α-chloralose anesthetized cats by 

intravenously administering MK801 (a NMDA receptor antagonist) or CP465022 (an 

AMPA receptor antagonist). Infusion of 0.5% acetic acid (AA) into the bladder produced 

bladder overactivity. In the first group of 5 cats, bladder capacity was significantly (p<0.05) 

reduced to 55.3±10.0% of saline control by AA irritation. Pudendal nerve stimulation 

(PNS) significantly (p<0.05) increased bladder capacity to 106.8±15.0% and 106.7±13.3% 

of saline control at 2T and 4T intensity, respectively. T is threshold intensity for inducing 

anal twitching. MK801 at 0.3 mg/kg prevented the increase in capacity by 2T or 4T PNS. 

In the second group of 5 cats, bladder capacity was significantly (p<0.05) reduced to 

49.0±7.5% of saline control by AA irritation. It was then significantly (p<0.05) increased to 

80.8±13.5% and 79.0±14.0% of saline control by 2T and 4T PNS, respectively. CP465022 

at 0.03-1 mg/kg prevented the increase in capacity by 2T PNS and at 0.3-1 mg/kg 

prevented the increase in capacity by 4T PNS. In both groups, MK801 at 0.3 mg/kg and 

CP465022 at 1 mg/kg significantly (p<0.05) increased the pre-stimulation bladder capacity 

(about 80% and 20%, respectively) and reduced the amplitude of bladder contractions 

(about 30 cmH2O and 20 cmH2O, respectively). These results indicate that NMDA and 

AMPA glutamate receptors are important for PNS to inhibit bladder overactivity and that 

tonic activation of these receptors also contributes to the bladder overactivity induced by 

AA irritation. 
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Introduction 

The International Continence Society defines overactive bladder (OAB) as a 

syndrome characterized by urgency with or without urge incontinence, usually with 

urinary frequency and nocturia (Abrams et al., 2002). The pathophysiology and etiology 

of OAB currently remain unknown (Miller and Hoffman, 2006; Wein and Rackley, 

2006). About 33 million adults suffer from OAB in the United States (Coyne et al., 

2011). In the general population OAB has an overall prevalence of 16-17% (Stewart et al., 

2003). Current pharmacotherapies for OAB either have limited efficacy or significant 

side effects, causing many OAB patients to reject these drugs (Andersson et al., 2003, 

2004; Chapple et al., 2008). When pharmacotherapy fails, the alternative treatments for 

OAB may include sacral, pudendal, or tibial neuromodulation therapies (van Kerrebroeck 

et al., 2007; Peters et al., 2009, 2010). However, the mechanisms of neuromodulation are 

currently not clear. Shedding new light on the mechanisms of bladder neuromodulation 

may lead to improved therapies for OAB.  

Our previous studies in cats identified multiple inhibitory neurotransmitter 

mechanisms involved in sacral, pudendal, or tibial neuromodulation. Opioid and 

cannabinoid receptors are the major receptors involved in tibial neuromodulation (Jiang 

et al., 2017; Zhang et al., 2015), while GABAA, 5-HT, and β-adrenergic receptors are 

important in pudendal neuromodulation (Kadow et al., 2016; Matsuta et al., 2013; 

Schwen et al., 2013; Xiao et al, 2014). The receptors involved in sacral neuromodulation 

include those involved in either tibial or pudendal neuromodulation such as opioid, 

GABAA, and β-adrenergic receptors (Bandari et al., 2017; Jiang et al., 2016). In addition 

to these inhibitory neurotransmitters, the role of the excitatory glutamatergic 
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neurotransmitter has also been identified in tibial or pudendal neuromodulation of 

bladder overactivity in cats. Metabotropic glutamate receptor 5 plays an important role in 

pudendal neuromodulation (Larson et al., 2011), while metabotropic glutamate receptor 2 

and/or 3 plays a major role in tibial neuromodulation (Matsuta et al., 2013). However, 

whether the ionotropic glutamate receptors (NMDA and AMPA) are also involved in 

neuromodulation of bladder overactivity in cats is still not determined. 

This study examined the contribution of NMDA and AMPA receptors to 

pudendal neuromodualtion of bladder overactivity in cats. The bladder was irritated by 

dilute acetic acid that activated the bladder nociceptive afferent C-fibers to induce 

bladder overactivity. The pudendal nerve was electrically stimulated to inhibit the 

irritation-induced bladder overactivity. MK801 (an NMDA receptor antagonist) or 

CP465022 (an AMPA receptor antagonist) were injected intravenously to suppress 

glutamatergic transmission and to determine the involvement of NMDA or AMPA 

receptors in pudendal inhibition. During the experiments it was also discovered that 

activation of these receptors is involved in the regulation of functional bladder capacity 

and the amplitude of reflex contractions of the overactive bladder.   

 

Method and Materials 

The Animal Care and Use Committee at the University of Pittsburgh approved the 

protocol and animal use in this study. 
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Surgical procedures 

A total of 10 cats (8 female and 2 male, 2.5-4.5 kg; Liberty Research, Waverly, 

NY) were used. During surgery the animals were anesthetized with isoflurane (2-5% in 

oxygen) and then they were switched to α-chloralose anesthesia (initial 65 mg/kg i.v. and 

supplemented as needed) during data collection. The left cephalic vein was catheterized 

for administration of fluid and drugs. The airway was kept patent by a tracheotomy. 

Systemic blood pressure was monitored by inserting a catheter into right carotid artery. A 

pulse oximeter (9847V; NONIN Medical, Plymouth, MN) was attached to the tongue to 

monitor the heart rate and blood oxygen. Through an abdominal incision, the ureters were 

exposed, tied and transected for external drainage. A double lumen catheter was placed 

into the bladder via a small cut in the proximal urethra and fixed in place by a suture 

around the urethra. Saline or 0.5% acetic acid (AA) was slowly (1-4 ml/min) infused by a 

pump into the bladder via one lumen of the catheter. The other lumen was connected to a 

pressure transducer for bladder pressure measurement. A 3- to 4-cm incision was made in 

the sciatic notch lateral to the tail to expose the right pudendal nerve for implantation of a 

tripolar cuff electrode (NC223pt, MicroProbe, Gaithersburg, MD). The cuff electrode 

was connected to an electrical stimulator (S88; Grass Medical Instruments, Quincy, MA) 

via constant voltage stimulus isolators (SIU5; Grass Medical Instruments). All incisions 

were closed by sutures after the surgery. 

 

Stimulation protocol and drug administration 

Uniphasic rectangular pulses of 5-Hz frequency and 0.2-m pulse width were 

employed for pudendal nerve stimulation (PNS) using the cuff electrode. The intensity 
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threshold (T) for evoking an observable anal sphincter twitch was determined at the 

beginning of the experiments. Based on our previous studies (Jiang et al., 2017; Matsuta 

et al., 2013; Zhang et al., 2015), PNS of 2T or 4T intensity was used in this study to 

inhibit bladder overactivity. 

Bladder capacity was defined as the bladder volume threshold to induce a bladder 

contraction of large amplitude (>30 cmH2O) and long duration (>20 seconds). Initially, 

the bladder capacity was determined during multiple cystometrograms (CMGs) that were 

performed by slowly infusing the bladder with saline. Then, AA replaced the saline for 

bladder infusion, which produced bladder irritation, activated nociceptive C-fiber afferent 

nerves and induced bladder overactivity. 

For the first experimental group (N=5 cats), once the control bladder capacity 

stabilized during repeated AA CMGs, the effect of PNS inhibition was determined by 

four AA CMGs in the following order: (1) Control CMG without PNS; (2) CMG during 

2T PNS; (3) CMG during 4T PNS; (4) Control CMG again to examine any post-

stimulation effect. Then the animals were given cumulative doses (0.01, 0.03, 0.1, and 

0.3 mg/kg, i.v.) of MK801 (an NMDA receptor antagonist; Sigma-Aldrich, St. Louis, 

MO). After administering each dose of MK801, the four CMGs (pre-stimulation control, 

2T PNS, 4T PNS, post-stimulation control) were repeated to determine the drug effects. 

A ten minute waiting period after each dose of MK801 was used for the drug to take 

effect. A waiting period of 2-3 minutes was inserted between CMGs for the bladder to 

recover.  

The same experimental protocol used in the first experimental group was also 

used in the second experimental group (N=5 cats) to test the effects of cumulative doses 
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(0.001, 0.003, 0.01, 0.03, 0.1, 0.3 and 1.0 mg/kg, i.v.) of CP465022 (an AMPA receptor 

antagonist; Tocris Bioscience, United Kingdom).  

 

Data analysis 

Repeated measurements (2-3 CMGs) of saline control capacity in the same animal 

were averaged. Then, the bladder capacity was measured during each AA CMG and 

normalized to the averaged control capacity measured during saline infusion in each cat. 

The maximal amplitude of the bladder contraction at the end of each AA CMG was also 

measured. The data from different animals are presented as mean ± standard error. 

Statistical significance (p<0.05) was determined by repeated-measures analysis of 

variance (ANOVA) followed by Dunnett’s (one-way) or Bonferonni’s (two-way) 

multiple comparison.  

 

Results 

Effect of MK801 on PNS inhibition of bladder overactivity 

In this group of 5 cats, AA irritation-induced bladder overactivity significantly 

(p<0.05) reduced bladder capacity to 55.3±10.0% of the control capacity (11.8±2.6 mL) 

measured during saline CMGs. PNS inhibited the bladder overactivity and significantly 

(p<0.05) increased bladder capacity to 106.8±15.0% (at 2T) and 106.7±13.3% (at 4T) of 

the saline control capacity (see first row of CMGs in Fig.1 and the untreated condition in 

Fig.2).  

During the repeated AA CMG testing, MK801 dose dependently increased the 

pre-stimulation bladder capacity (Fig.1 and Fig.2) and reduced the amplitude of bladder 
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contractions (Fig.1 and Fig.3). The pre-stimulation capacity was significantly (p<0.05) 

increased to 134.5±30.3% of saline control at the 0.3 mg/kg dose of MK801 (Fig.2). At 

the same dose, PNS at both 2T and 4T intensity failed to significantly increase the 

bladder capacity (Fig.2) when it was applied during AA CMGs (Fig.1).  

 

Effect of CP465022 on PNS inhibition of bladder overactivity 

 In this group of 5 cats, AA irritation-induced bladder overactivity significantly 

(p<0.05) reduced bladder capacity to 49.0±7.5% of the control capacity (12.0±2.0 mL) 

measured during saline CMGs. PNS inhibited the bladder overactivity and significantly 

(p<0.05) increased bladder capacity to 80.8±13.5% (at 2T) and 79.0±14.0% (at 4T) of the 

saline control capacity (see the first row of CMGs in Fig.4 and 0 mg/kg CP465022 

condition in Fig.5).  

During the repeated AA CMG testing, CP465022 at a dose of 1.0 mg/kg 

significantly (p<0.05) increased the pre-stimulation bladder capacity to 69.4±9.2% of 

saline control (Fig.4 and Fig.5). When PNS was applied during AA CMGs (Fig.4), the 

bladder capacity could not be increased significantly by 2T PNS at 0.03-1.0 mg/kg doses 

of CP465022 or by 4T PNS at 0.3-1.0 mg/kg doses (Fig.5). CP465022 also significantly 

(p<0.05) reduced the amplitude of bladder contractions at the 1.0 mg/kg dose (Fig.6). 

 

Discussion 

 Administration of either an NMDA (MK801) or an AMPA (CP465022) 

glutamatergic receptor antagonist suppresses PNS inhibition of bladder overactivity 

induced by AA irritation in chloralose anesthetized cats, indicating that both types of 
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receptors play an important role in the inhibition. In addition, both antagonists increase 

bladder capacity and decrease the amplitude of the reflex bladder contractions indicating 

that tonic activation of NMDA and AMPA receptors contributes to the AA induced 

bladder overactivity. These results extend previous reports regarding the important role of 

glutamatergic excitatory transmission in the normal bladder function (Kakizaki et al., 

1998; Matsumoto et al., 1995a, 1995b; Yoshiyama et al., 1993a) and demonstrate that 

glutamatergic excitatory mechanisms are also important in the reflex pathways mediating 

bladder overactivity. 

 Because glutamic acid is considered to be a major excitatory transmitter released 

by primary afferents in the spinal cord, it is likely that pudendal inhibition as well as 

bladder overactivity is modulated by actions of MK801 and CP465022 at primary 

afferent-interneuronal synapses in the spinal dorsal horn. Under basal conditions AMPA 

are more important than NMDA receptors in generation of primary afferent evoked 

monosynaptic EPSPs in the dorsal horn (Larsson, 2009). However, NMDA activation 

contributes to more delayed excitatory synaptic responses under basal conditions and to 

the enhancement of excitatory transmission that occurs after nociceptive stimulation 

(Larsson, 2009). While large doses of the AMPA and NMDA antagonists suppress both 

pudendal inhibition and bladder overactivity, a subtle difference was noted in the dose 

response studies of the two agents. CP465022 suppresses pudendal inhibition at doses 

that do not significantly alter bladder capacity or the amplitude of bladder contractions 

(Figs.5-6); whereas MK-801 suppresses pudendal inhibition only in doses that also 

suppress bladder activity (Figs.2-3). This suggests that transmission mediated by NMDA 

receptors is more important and/or more sensitive to block by MK801 in the bladder 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 20, 2017 as DOI: 10.1124/jpet.117.240895

 at A
SPE

T
 Journals on M

ay 23, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


  JPET #240895 

Page | 11  
 

reflex pathway than in the pudendal inhibitory pathway. This difference may reflect an 

enhanced role of NMDA receptors in bladder reflexes after AA infusion into the bladder 

which activates central nociceptive mechanisms and thereby may unmask an effect of 

MK801 on bladder reflex pathways. This possibility could be tested in future experiments 

by comparing the effects of the antagonists during saline CMGs in the absence of a 

nociceptive stimulus.   

 In addition to the contribution of ionotropic glutamate receptors to pudendal 

neuromodulation, previous studies in cats have shown that metabotropic glutamate 

receptor 5 (mGluR5) also plays an important role in pudendal neuromodulation of 

bladder overactivity induced by AA irritation (Larson et al., 2011). However, these 

receptors are not involved in the reflex mechanisms mediating bladder overactivity 

(Larson et al., 2011). Based on the known functions of mGluR5, it is likely that activation 

of these receptors during pudendal neuromodulation facilitates synaptic transmission 

mediated by NMDA/AMPA receptors.  

 Pudendal neuromodulation of bladder overactivity also depends on multiple 

inhibitory transmitter mechanisms involving GABAA, β-adrenergic, and 5-HT receptors 

(Kadow et al., 2016; Matsuta et al., 2013; Schwen et al., 2013; Xiao et al, 2014).  

GABAA receptor mediated inhibition occurs in the spinal cord (Xiao et al, 2014), and 

therefore very likely involves glutamatergic activation of local GABAergic inhibitory 

interneurons. β-adrenergic receptor mediated inhibition occurs via reflex activation of 

sympathetic inhibitory pathways arising in the rostral lumbar spinal cord (Kadow et al., 

2016), and therefore must involve a sacro-lumbar intersegmental excitatory pathway that 

also depends on glutamatergic excitatory synapses. The 5-HT receptor component of 
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pudendal neuromodulation depends on serotonergic inputs to the sacral spinal cord from 

the raphe nuclei in the brain stem (Matsuta et al., 2013; Reese et al., 20214; Schwen et 

al., 2013), and therefore must involve activation of raphe 5-HT neurons by ascending 

glutamatergic projections from the sacral spinal cord to supraspinal sites. Thus, it is likely 

that the glutamatergic antagonists administered intravenously in the present experiments 

suppress pudendal neuromodulation by acting at various sites within the central nervous 

system.   

Our study showing that AMPA and NMDA receptors are involved in pudendal 

neuromodulation differs from a previous study of sacral neuromodulation of bladder 

overactivity in rats, which showed that spinal NMDA receptors but not spinal non-

NMDA receptors play a key role in sacral neuromodulation (Riazimand and Mense, 

2005). This may indicate a species difference or a difference in the mechanisms involved 

in the two types of neuromodulation. In cats, sacral neuromodulation of bladder 

overactivity depends in part on activation of opioid receptors and supraspinal GABAA 

receptors (Bandari et al., 2017; Jiang et al., 2016), while pudendal neuromodulation does 

not involve opioid receptors but depends in part, as mentioned above, on activation of 

spinal GABAA receptors (Mally et al., 2013; Xiao et al, 2014).   

  It is likely that MK801 and CP465022 also act at multiple sites in the central 

nervous system to increase bladder capacity and reduce the amplitude of bladder 

contractions. The micturition reflex is mediated by a spinobulbospinal pathway 

consisting of: (1) an ascending limb projecting from the sacral spinal cord to the brain 

stem, (2) supraspinal circuitry in the periaqueductal gray (PAG) and the pontine 

micturition center (PMC), and (3) a descending limb from the PMC back to the sacral 
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spinal cord (Fowler et al., 2008). In rats, glutamate has been identified as an excitatory 

transmitter in each segment of this pathway (Kakizaki et al., 1998; Matsumoto et al., 

1995a, 1995b; Yoshiyama et al., 1993a). AMPA and NMDA glutamatergic antagonists 

administered systemically, intrathecally or intracerebroventricularly suppress bladder 

reflexes during saline or AA CMGs in urethane anesthetized rats (Yoshiyama et al., 

1993b, 1997). The antagonists also suppress c-fos expression induced in spinal dorsal 

horn neurons by AA irritation of the bladder (Kakizaki et al., 1996), indicating AMPA 

and NMDA receptors have an important role in the afferent limb of the overactive 

bladder reflex triggered by a nociceptive stimulus. During saline CMGs in un-

anesthetized decerebrate rats (Yoshiyama et al., 1994, 1997), AMPA antagonists are 

also effective in suppressing reflex bladder activity while NMDA antagonists are 

ineffective or facilitate bladder activity. Based on these experiments it was proposed that 

excitatory glutamatergic transmission in the normal micturition reflex pathway in rats is 

mediated primarily by AMPA receptors and that the contribution of NMDA receptors is 

only unmasked when transmission mediated by AMPA receptors is depressed by an 

anesthetic. On the other hand, patch clamp recording in spinal cord slices of neonatal 

rats revealed that both AMPA and NMDA receptors are involved in excitatory 

transmission in spinal reflex pathways to the parasympathetic preganglionic neurons 

(Araki and de Groat, 1996, 1997; Miura et al., 2003) as well as in axonal projections 

from the lateral funiculus to these neurons (Miura et al., 2001). These axonal projections 

could be part of propriospinal or supraspinal pathways.  

Relatively little information is available about the role of glutamatergic 

transmission in bladder reflexes in cats. It has been reported that glutamatergic receptor 
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agonists injected into the pontine micturition center in decerebrate cats induce voiding or 

facilitate reflex bladder contractions (Mallory et al., 1991); while intrathecal injections of 

MK-801 or kynurenic acid (KYN) a broad spectrum glutamatergic receptor antagonist 

blocks bladder contractions elicited by electrical stimulation of the pontine micturition 

center (Iwabuchi, 1997). However the latter contractions are not blocked by CNQX, a 

non-NMDA receptor antagonist. Iontophoretic application of glutamatergic receptor 

agonists have an excitatory effect on bladder parasympathetic preganglionic neurons in 

the cat spinal cord (de Groat, 1971; de Groat and Ryall, 1968) and iontophoretic 

application of KYN blocks the firing of these neurons elicited by electrical stimulation of 

the pontine micturition center (Iwabuchi, 1997). These studies indicate that in cats 

NMDA receptors in the spinal cord are involved in the descending limb of the micturition 

reflex pathway, while spinal AMPA receptors are not involved in this pathway. 

Therefore, in the present study the reduction in contraction amplitude by MK801 (Fig.3) 

which occurs by the same dose (0.1-0.3 mg/kg, i.v.) in cats (Fig.3) and rats (Yoshiyama 

et al., 1993) can be explained very well by the important role of spinal NMDA receptors 

in the descending limb of the micturition reflex pathway. On the other hand, the reduction 

in contraction amplitude as well as the increase in bladder capacity by CP465022 (Fig.6) 

is probably caused by targeting AMPA receptors in the ascending limb of the micturition 

reflex or in the PAG-pontine circuitry thereby reducing the input from the pontine 

micturition center to the sacral spinal cord.  

In MK801 treated cats, pudendal inhibition was eliminated only when the pre-

stimulation bladder capacity was more than double the capacity measured in the untreated 

condition (see Fig.2). This raises a concern that the loss of pudendal inhibition might not 
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be due to the blockade of NMDA receptors in the pudendal-to-bladder inhibitory 

pathway; but instead could be due to the large bladder volume that produces a strong 

micturition reflex that overcomes the pudendal inhibition, or due to the bladder reaching 

a maximal volume that cannot be further increased by PNS. However, the data in this 

study support the opposite conclusion. At the 3 mg/kg dose of MK801 the pre-stimulation 

capacity is only 134.5±30.3% of saline control capacity (Fig.3), which is not likely to be 

the maximal bladder volume during an inhibition. Our previous studies in cats (Matsuta 

et al., 2013; Schwen et al., 2013) showed that during the inhibition produced by PNS 

and/or drugs the micturition reflex can occur at a bladder volume about 300-400% of 

saline control capacity, indicating that the maximal bladder volume is much larger. In 

addition, the micturition reflex after 0.3 mg/kg of MK801 seems to be weaker because 

the amplitude of micturition contraction is only 50% of the control (see the pre-

stimulation CMG in Fig.1 and Fig.3). This may be due to MK801 suppressing 

glutamatergic transmission in the central descending limb of the spinobulbospinal 

micturition reflex pathway, thereby producing a weaker micturition reflex rather than a 

stronger one. Because the micturition reflex is weak and the maximal bladder volume for 

inducing a reflex is not reached, the 3 mg/kg dose of MK801 must have suppressed the 

micturition reflex and blocked pudendal inhibition at the same time. Otherwise, a 

significant increase in bladder capacity should have occurred during PNS. 

In summary, this study in cats revealed that both NMDA and AMPA 

glutamatergic mechanisms are involved in the generation of reflex bladder overactivity as 

well as in pudendal neuromodulation of this activity. These results together with previous 

reports showing the involvement of inhibitory neurotransmitters (Kadow et al., 2016; 
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Matsuta et al., 2013; Schwen et al., 2013; Xiao et al, 2014) suggest that the pudendal 

neuromodulation depends on the activation of NMDA and AMPA glutamatergic 

excitatory transmission which in turn stimulates the inhibitory pathways that suppress 

reflex bladder activity. 
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Figure Legends 

Fig.1. Repeated CMG recordings at different cumulative doses of MK801 during acetic 

acid infusion with or without pudendal nerve stimulation (PNS). T – threshold PNS 

intensity to induce external anal sphincter twitch. Black bars under the bladder pressure 

traces indicate the durations of PNS (5 Hz, 0.2 ms, T = 0.4 V). Infusion rate = 4 ml/min.  

Fig.2. Summarized results showing bladder capacity at different cumulative doses of 

MK801. Bladder capacity during acetic acid infusion was normalized to the capacity 

measured during saline infusion before any drug treatment or pudendal nerve stimulation 

(PNS). * indicates significantly (p<0.05) different from pre-stimulation data at each drug 

dosage (two-way ANOVA). # indicates significantly (p<0.05) different from the 

untreated condition in the same data group (one-way ANOVA). N = 5 cats. PNS (5 Hz, 

0.2 ms, T = 0.16-0.6 V).  

Fig.3. Summarized results showing the amplitude of bladder contractions measured 

during pre-stimulation CMGs at different cumulative doses of MK801. # indicates 

significantly (p<0.05) different from untreated condition (one-way ANOVA). N = 5 cats.  

Fig.4. Repeated CMG recordings at different cumulative doses of CP465022 during 

acetic acid infusion with or without pudendal nerve stimulation (PNS). T – threshold PNS 

intensity to induce external anal sphincter twitch. Black bars under the bladder pressure 

traces indicate the durations of PNS (5 Hz, 0.2 ms, T = 0.3 V). Infusion rate = 1.5 

ml/min. 

Fig.5. Summarized results showing bladder capacity at different cumulative doses of 

CP465022. Bladder capacity was normalized to the capacity measured during saline 

infusion before any drug treatment or pudendal nerve stimulation (PNS). * indicates 
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significantly (p<0.05) different from pre-stimulation data at each drug dosage (two-way 

ANOVA). # indicates significantly (p<0.05) different from the untreated condition in the 

same data group (one-way ANOVA). N = 5 cats. PNS (5 Hz, 0.2 ms, T = 0.15-1.6 V). 

Fig.6. Summarized results showing the amplitude of bladder contractions measured 

during pre-stimulation CMGs at different cumulative doses of CP465022. # indicates 

significantly (p<0.05) different from untreated condition (one-way ANOVA). N = 5 cats.  
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