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Abstract

Endocannabinoids, such as N-arachidonylethanolamine (AEA, also called anandamide), exert 

potent analgesic and anti-inflammatory effects. Fatty acid amide hydrolase (FAAH) is primarily 

responsible for degradation of AEA, and deletion of FAAH increases AEA content in various 

tissues. Since FAAH has been shown to be present in the bladder of various species, we compared 

bladder function, severity of experimental cystitis, and cystitis-associated referred hyperalgesia in 

male wild type (WT) and FAAH knock-out (KO) mice. Basal concentrations of AEA were 

greater, and the severity of cyclophosphamide (CYP)-induced cystitis was reduced in bladders 

from FAAH KO compared to WT mice. Cystitis-associated increased peripheral sensitivity to 

mechanical stimuli and enhanced bladder activity (as reflected by increased voiding frequency) 

were attenuated in FAAH KO compared to WT mice. Further, abundances of mRNA for several 

pro-inflammatory compounds were increased in bladder mucosa after CYP treatment of WT mice, 

and this increase was inhibited in FAAH KO mice. These data indicate that endogenous substrates 

of FAAH, including the cannabinoid AEA, play an inhibitory role in bladder inflammation and 

subsequent changes in pain perception. Therefore, FAAH could be a therapeutic target to treat 

clinical symptoms of painful inflammatory bladder diseases.
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Introduction

Visceral pain is the most debilitating symptom of painful bladder syndrome (PBS), which 

affects 7–8 million patients/year in the U.S. alone (Selo-Ojeme and Onwude, 2004; Stanford 

et al., 2007; van de Merwe et al., 2008; Schrepf et al., 2014). Little is known about 

pathophysiological mechanisms underlying this disorder, and no treatment or combination 

of treatments is consistently effective in alleviating symptoms in PBS patients (Selo-Ojeme 
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and Onwude, 2004; Stanford et al., 2007; van de Merwe et al., 2008; Schrepf et al., 2014). 

Endocannabinoids, such as N-arachidonylethanolamine (AEA, also called anandamide), 

exert potent analgesic and anti-inflammatory effects (Alvarez-Jaimes and Palmer, 2011; 

Maione et al., 2013). Fatty acid amide hydrolase (FAAH) is primarily responsible for 

degradation of AEA, and the therapeutic potential of enhancing the analgesic effects of 

endogenous cannabinoids by decreasing their degradation has been recognized (Cravatt and 

Lichtman, 2003; Jhaveri et al., 2007; Schlosburg et al., 2009; Bisogno and Maccarrone, 

2013; Blankman and Cravatt, 2013). Pharmacological inhibition and genetic deletion of 

FAAH increases AEA content in various tissues, and FAAH knock-out (KO) mice have 

significantly reduced inflammation and hyperalgesia in response to injection of cargageenin 

or complete Freund’s adjuvant into the paw, as well as significantly increased analgesia in 

response to exogenous AEA compared to wild-type (WT) mice (Lichtman et al., 2004; Wise 

et al., 2007; Schlosburg et al., 2009; Anderson et al., 2014). These observations suggest that 

endocannabinoids could be useful to suppress clinical symptoms of painful inflammatory 

bladder diseases. However, the effects of experimentally-induced cystitis have not been 

investigated in FAAH KO mice.

FAAH mRNA and protein have been detected in human, mouse, and rat urinary bladders 

(Merriam et al., 2011; Strittmatter et al., 2012; Bakali et al., 2013; Hedlund, 2014). 

Treatment with a FAAH inhibitor increased voiding intervals, voiding volume and bladder 

capacity in normal rats via activation of cannabinoid 2 (CB2) receptors (Strittmatter et al., 

2012) and rats with bladder overactivity (Gandaglia et al., 2013). Furthermore, FAAH 

inhibition attenuated afferent activity induced by bladder distension via activation of both 

cannabinoid 1 (CB1) and CB2 (Aizawa et al., 2014) and suppressed referred hyperalgesia 

associated with bladder inflammation (Merriam et al., 2011). Collectively, these findings 

suggest a functional role of FAAH in regulating bladder function and pain sensation during 

physiological as well as pathophysiological processes through its ability to regulate 

cannabinoid receptor ligand concentration (Hedlund, 2014; Vizzard, 2014).

Cyclophosphamide (CYP) is an antineoplastic alkylating agent commonly used to treat 

cancer patients, and an undesirable clinical side effect of CYP is hemorrhagic cystitis. CYP 

is metabolized by the liver to acrolein that is accumulated in urine, and acrolein is primarily 

responsible for CYP-induced cystitis (Cox, 1979; Conklin et al., 2009). CYP-induced 

cystitis in rodents is commonly used as an experimental model to study mechanisms 

underlying cystitis and associated visceral pain (Bon et al., 1998; Cervero and Laird, 2004; 

Bjorling et al., 2011; Girard et al., 2012). In the present study, we compared severity of 

experimental cystitis, cystitisassociated altered bladder function, and referred hyperalgesia 

in male FAAH KO and congenic WT mice.

Materials and Methods

Induction of cystitis

Breeding pairs of FAAH KO mice were generously provided by Dr. Aron Lichtman 

(Virginia Commonwealth University). FAAH KO mice were viable, fertile, and largely 

indistinguishable from WT mice in general appearance, body weight, locomotion, or overt 

behavior (Cravatt et al., 2001). C57BL/6J WT mice were obtained from The Jackson 
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Laboratory (Bar Harbor, ME). Male mice were used at 3–6 months of age. Experiments 

were conducted in accordance with National Institutes of Health Guidelines, and all 

protocols were reviewed and approved by the Animal Care and Use Committee of the 

University of Wisconsin.

Cystitis was induced by intraperitoneal injection of CYP (150 mg/kg). This dose of CYP 

was chosen based on results of preliminary experiments in WT mice to induce cystitis of 

moderate severity. Control mice received an equivalent volume of intraperitoneal saline 

instead of CYP (Wang et al., 2008).

Mice were euthanized at the end of experiments with pentobarbital (100 mg/kg, ip) and 

perfused with saline through a cannula inserted into the left ventricle followed by 2% 

paraformaldehyde in 0.1 M phosphate-buffered saline (PBS). Bladders were removed, 

weighed, and bladder weight (mg) was normalized to body weight (g). Tissues were post-

fixed in the same fixative for 4 hours at 4° C and cryoprotected with 30% sucrose in PBS at 

4° C. Tissue sections were made with a cryostat at a thickness of 10 µm. Every 4th section 

was stained with hematoxylin and eosin (H & E) for morphological analysis, and a total of 

4–6 sections from each bladder were examined microscopically. Since the increased bladder 

weight correlated closely with severity of edema and changes in bladder weight reliably 

reflect the severity of cystitis in this model, bladder weights were used for semi-quantitative 

analysis of the severity of cystitis (Bjorling et al., 2007; Wang et al., 2008).

Plasma extravasation in bladder

Plasma extravasation was determined using Evans blue dye (Bjorling et al., 1999; Merrill et 

al., 2013). Mice were sacrificed 24 hours after treatment with CYP or saline, and 15 minutes 

before sacrifice, mice were injected intravenously with Evans blue dye (300 µl/ 30 g body 

weight, 3 mg/ml prepared in saline). Mice were then euthanized with pentobarbital (100 

mg/kg, ip) and perfused with saline through a cannula inserted into the left ventricle. 

Bladders were removed, blotted dry, weighed, placed in 0.2 ml formamide (Sigma, St. 

Louis, MO), and incubated for 24 hours at 55° C to extract Evans blue dye. The 

concentration of dye in formamide was determined by spectrophotometry at 630 nm using a 

standard curve generated by increasing concentrations of Evans blue dye (0 to 150 µg/ml). 

Plasma extravasation was expressed as µg dye/mg wet bladder weight.

Measurement of bladder endocannabinoids content

Animals were sacrificed 3, 24, and 48 hours after administration of CYP, and these time 

points were chosen based on a previous study in rats (Merriam et al., 2011). Mice were 

euthanized with pentobarbital (100 mg/kg, ip), and bladders were emptied by application of 

light abdominal compression. Four bladders were pooled and frozen-pulverized as one 

sample to obtain sufficient tissue for analysis of AEA and 2-arachidonylglycerol (2-AG; 

another primary endocannabinoid), and four samples (from 16 mice) were included in each 

group. The samples were stored at −80° C for subsequent analysis. The frozen-pulverized 

bladders were mixed with acetonitrile containing [2H8]AEA and [2H8]2-AG and were 

sonicated in a cooled bath for 30 minutes and incubated overnight at −20° C to precipitate 

proteins. Particulates were removed from acetonitrile by centrifugation, the solvent was 
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dried, and extracted lipids were resuspended in methanol. AEA and 2-AG were quantified 

using isotope dilution, atmospheric pressure, chemical ionization liquid chromatography/

mass spectrometry (LC-APCI-MS) as previously described (Patel et al., 2003; Merriam et 

al., 2011).

Measurement of short-term voluntary urination

Mice were treated with saline or CYP (150 mg/kg, ip), and urinary frequency was 

determined 24 hours later. Freely moving male mice were placed on filter papers for 30 

minutes to examine short-term voluntary urinary frequency. Filter papers were then 

examined under UV light at 302 nm, and photoimages were taken (UVP Imaging System, 

Upland, CA). The number of small-diameter urine spots (<0.2 cm2) was counted to 

determine frequency of urination as described previously (Birder et al., 2002; Cornelissen et 

al., 2008; Merrill et al., 2013; Wang et al., 2013). An increase in number of small diameter 

urine spots has been considered to be suggestive of irritative voiding and to reflect increased 

urinary frequency (Birder et al., 2002; Cornelissen et al., 2008; Merrill et al., 2013; Wang et 

al., 2013).

Peripheral nociception testing

The effect of cystitis on response to peripheral application of mechanical stimuli to hind 

paws was evaluated. Mechanical sensitivity of the hind paws was assessed using von Frey 

monofilaments and the up-down method (May and Vizzard, 2010; Wang et al., 2013). Mice 

were placed in individual Plexiglas chambers with a wire mesh floor. Sensitivity of the hind 

paws was assessed with a series of six Von Frey filaments of increasing stiffness. Stimulus-

related withdrawal of the tested paw was considered a withdrawal response, and the 50% 

paw withdrawal threshold was determined by the non-parametric method of Dixon (May 

and Vizzard, 2010; Wang et al., 2013). The individual performing nociceptive testing was 

unaware of the genotype and treatment of mice.

Semi-quantitative analysis of mRNA

CYP treatment-induced increase in mRNA expression of pro-inflammatory compounds is a 

relatively early event (Malley and Vizzard, 2002). Mice were sacrificed 3 hours after 

treatment with CYP or saline. Bladder mucosa was separated from detrusor (Klinger et al., 

2008; Wang et al., 2009) and prepared for RNA isolation. Total RNA was extracted with 

Trizol reagent (Invitrogen, Carlsbad, CA) and treated with DNAse I (Ambion, Austin, TX) 

to remove genomic DNA. First strand cDNA was generated using a cDNA synthesis kit 

according to the manufacturer's instructions (Invitrogen, Carlsbad, CA).

Real-time PCR was performed using an ABI 7300 (Foster City, CA) thermocycler. Samples 

were amplified in duplicate using the following thermal cycling conditions: 94° C for 10 

minutes, followed by 40–45 cycles of amplification at 94 °C for 30 seconds and then 60° C 

for 1 minute to allow denaturing and annealing-extension. Abundance of PCR product was 

determined semi-quantitatively using a standard curve for each gene. Relative abundance of 

mRNA in the mucosa was assessed for substances that have been reported to play significant 

roles in pain and inflammation, including nerve growth factor (NGF), cyclooxygenase-2 

(COX-2), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), endothelial nitric oxide 
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synthase (eNOS) and inducible nitric oxide synthase (iNOS) (Malley and Vizzard, 2002; 

Wang et al., 2008; Daly et al., 2011; Birder and Andersson, 2013; Keay et al., 2014; 

Gonzalez et al., 2014). Expression of each gene was normalized to abundance of mRNA for 

L19, a constitutively-expressed ribosomal protein in the same sample. Fold changes of 

expression of each gene in CYP-treated WT and saline- and CYP-treated FAAH KO mice 

were compared to the corresponding gene expression in saline-treated WT animals (set as 1) 

(Wang et al., 2008; 2013).

Statistical analysis

Data are presented as arithmetic means ± SEM. The data from multiple groups were 

analyzed using two-way ANOVA followed by Bonferroni post hoc comparisons (GraphPad 

Prism, San Diego, CA). Unpaired Student’s t-tests were used as appropriate. p values < 0.05 

were considered significant.

Results

Cystitis in WT and FAAH KO mice

Morphologically, bladders from FAAH KO mice appeared normal and not different from 

WT mice in saline-treated (control) groups (Fig. 1A). No signs of cystitis were observed in 

saline-treated animals of either genotype (Fig. 1A). Twenty-four hours after CYP, mean wet 

bladder weight (mg/g body weight) was increased by 86 % and 55 % relative to saline-

treated controls in WT and KO mice, respectively (n = 8, p < 0.01), and the increase was 

greater in WT than FAAH KO mice (n = 8, p < 0.05) (Fig. 1B). Histological examination of 

the bladders indicated the presence of cystitis, characterized primarily by edema in the 

submucosal region (Fig. 1A), and edema appeared to be more severe in WT than in FAAH 

KO mice. Occasionally, areas of hemorrhage and mild infiltration of inflammatory cells 

were also observed (Fig. 1A). Treatment with CYP increased plasma extravasation in 

bladders by 107 % in WT mice (n = 6, p < 0.01 vs saline-treated). Although the plasma 

extravasation was numerically greater in CYP treated KO mice, this difference did not rise 

to a significant level (n = 5–6, p > 0.05 vs saline-treated) (Fig. 1C).

Endocannabinoid contents in bladders

The AEA content was significantly greater in bladders of FAAH KO than WT mice (n = 4, p 

< 0.01), and treatment with CYP did not significantly alter AEA content in bladders of either 

WT or FAAH KO mice (Fig. 2A). Bladder content of 2-AG (which is primarily degraded by 

monoacylglycerol lipase, not FAAH) was similar in both WT and FAAH KO mice, and 

treatment with CYP did not alter 2-AG content in bladders (Fig. 2B).

Alterations of bladder function

The number of small-diameter urine spots (<0.2 cm2) on filter paper placed under freely 

moving mice for 30 minutes was similar in saline-treated FAAH KO and WT mice. Twenty-

four hours after CYP, the number of urine spots was significantly increased by 241 % in WT 

(Fig. 3A, n = 6–8, p < 0.01 vs saline-treated), but not in FAAH KO mice (n = 6–8, p > 0.05).
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Increase in sensitivity to peripheral mechanical stimuli after CYP treatment

Basal mechanical sensitivity in FAAH KO mice was similar to WT mice (not shown). 

Treatment with saline did not significantly affect peripheral mechanical sensitivity in either 

genotype. Peripheral mechanical sensitivity threshold was reduced in WT mice compared to 

the saline-treated animals 24 hours after treatment with CYP (n =8, p<0.01; Fig. 3B). In 

FAAH KO mice, treatment with CYP failed to affect peripheral mechanical sensitivity (n 

=8, p>0.05; Fig. 3B).

Changes in gene expression in bladder mucosa after CYP treatment

In saline-treated animals, expression of mRNA for NGF, COX-2, eNOS, iNOS, TNF-α and 

IL-6 was similar in WT and FAAH KO mice. Treatment with CYP for 3 hours augmented 

expression of NGF, COX-2, iNOS and TNF-α in the mucosa in mice of both genotypes 

(Fig. 4, n = 6- 8, p < 0.05 or 0.01 vs saline-treated in each genotype). However the increase 

in abundance of message for NGF and COX-2 was attenuated in FAAH KO mice as 

compared to WT mice (Fig. 4, n =6–8, p < 0.05 vs CYP-treated WT). Expression of IL-6 

mRNA was also significantly increased in CYP treated WT mice (n =6–8, p < 0.01 vs 

saline-treated). Although IL-6 mRNA was numerically greater in CYP treated KO mice, this 

difference did not rise to a significant level (n = 5–6, p > 0.05 vs saline- treated).

Discussion

In the present study, we found: 1) the concentrations of AEA, but not 2-AG, were greater in 

bladders from FAAH KO mice than those from WT mice; 2) the severity of CYP-induced 

cystitis was reduced in FAAH KO mice; 3) cystitis-associated increased peripheral 

sensitivity to mechanical stimuli was inhibited in FAAH KO mice; 4) inflammation-induced 

enhanced bladder activity (as reflected by increased voiding frequency) was attenuated in 

FAAH KO mice; and 5) increased abundances of mRNA for several inflammation-

associated compounds in mucosa after CYP treatment were inhibited in FAAH KO mice.

FAAH KO mice have increased AEA concentrations in CNS (brain and spinal cord) and in 

peripheral tissues (liver) (Cravatt et al., 2001). We provide additional evidence that 

concentrations of AEA are increased in bladders of FAAH KO mice, although the increase 

in AEA concentration in bladders was relatively small compared to that observed in brain 

tissue from FAAH KO mice (Cravatt et al., 2001). Previous studies reported that bladder 

inflammation increased AEA content in bladders of rats (Dinis et al., 2004; Merriam et al., 

2011). In the present study, CYP-induced bladder inflammation did not significantly alter 

abundance of AEA in the bladders of either WT or FAAH KO mice at the time points 

examined. This discrepancy in findings may be attributable to differences in experimental 

design, including variables such as species (mice vs. rats), severity of bladder inflammation, 

and time lapse after initiation of bladder inflammation. Additionally, we found that the 

concentrations of 2-AG were similar in both WT and FAAH mice and were not affected by 

bladder inflammation.

Paw edema induced by injection of lipopolysaccharide or carrageenan was reduced in 

FAAH KO mice compared to WT mice (Lichtman et al., 2004; Naidu et al., 2010). FAAH 
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KO mice also displayed decreased severity of experimental arthritis and colitis (Storr et al., 

2008; Kinsey et al., 2011). Similarly, treatment with the FAAH inhibitors (D’Argenio et al., 

2006; Storr et al., 2008; Sałaga et al., 2014) attenuated the severity of experimental colitis 

(Massa et al., 2004; D'Argenio et al., 2006; Storr et al., 2008; 2009; Salaga et al., 2014a, b). 

The anti-inflammatory effects observed in FAAH KO mice were primarily mediated by CB2 

(Lichtman et al., 2004; Storr et al., 2008; Naidu et al., 2010; Kinsey et al., 2011). Consistent 

with anti-inflammatory observations associated with FAAH deletion/inhibition in other 

organs, we observed that the severity of bladder inflammation was reduced in FAAH KO 

mice. CB2 is present in bladders of various species (Tyagi et al., 2008; Gratzke et al., 2009; 

2010; Strittmatter et al., 2012; Hedlund, 2014), and treatment with selective CB2 agonists 

attenuated bladder inflammation (Wang et al., 2012; 2013; Tambaro et al., 2014). Together, 

these findings suggest that the elevated concentration of AEA may activate CB2 in bladders, 

resulting in inhibition of bladder inflammation in FAAH KO mice, although some studies 

suggest that AEA may be a weak agonist to CB2 (Hillard et al., 1999). Future studies will be 

needed to clarify the mechanisms underlying activities of AEA in bladders.

Visceral pain is difficult to assess directly (Cervero and Laird, 2004). One hallmark of 

visceral pain is perception of pain arising from somatic sites distant from the area of visceral 

injury (referred hyperalgesia) (Bon et al., 1998; Laird et al., 2002; Cervero and Laird, 2004), 

and this is a relatively common finding in patients with IC/PBS (Tripp et al., 2012). 

Sensitization of primary afferents by inflammatory mediators at the site of injury plays an 

important role in development of referred hyperalgesia (Cervero and Laird, 2004). Bladder 

inflammation increases urination frequency and bladder activity that are also considered as 

surrogate metrics for assessment of visceral pain related to inflammatory bladder disorders 

(Cornelissen et al., 2008). FAAH KO mice have been shown to exhibit attenuated 

inflammatory pain responses that were mediated by CB1, CB2, or both receptors (Cravatt et 

al., 2001; 2004; Lichtman et al., 2004; Chang et al., 2006; Naidu et al., 2010), and these 

findings were supported by studies using FAAH inhibitors (Lichtman et al., 2004; 

Jayamanne et al., 2006; Ahn et al., 2009; Okine et al., 2012; Guindon et al., 2013). In the 

present study, we demonstrated that bladder inflammation-associated increased urination 

frequency and enhanced mechanical sensitivity were attenuated in FAAH KO mice. 

Collectively, our findings provide additional evidence that inhibition/deletion of FAAH 

suppresses inflammatory visceral pain. It should be noted that urine spot assay is one of 

many methods used to determine bladder functions and other techniques, such as cytometry, 

are needed to validate these findings in future studies.

FAAH has been shown to be present in bladders, especially in urothelium, of various 

species, including human beings (Merriam et al., 2011; Strittmatter et al., 2012; Hedlund, 

2014). While urothelium has historically been viewed as a simple barrier separating the 

bladder wall from urine, increasing evidence also suggests that the urothelial cells play a 

critical role in physiological and pathophysiological processes in the bladder (Daly et al., 

2011; Birder and Andersson, 2013; Hill, 2014; Keay et al., 2014; Gonzalez et al., 2014). 

Specifically, urothelial cells have the capacity to secrete a variety of signaling molecules 

such as PGE2, NGF, nitric oxide, and cytokines in response to various stimuli (Malley and 

Vizzard, 2002; Wang et al., 2008; Birder and Andersson, 2013; Hill, 2014; Keay et al., 

2014; Gonzalez et al., 2014). Conceivably, chemical mediators derived from urothelial cells 
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could significantly influence bladder function and pain sensation during bladder 

inflammation. AEA has been shown to inhibit production and release of pro-inflammatory 

mediators in various cell types (Cencioni et al., 2010; Clapper et al., 2010; Krishnan and 

Chatterjee, 2012). Similarly, we found that abundances of mRNA for several pro-

inflammatory compounds, such as NGF and COX-2, were increased in bladder mucosa after 

CYP treatment of WT mice, and this increase was inhibited in FAAH KO mice. It is 

possible that increased concentrations of AEA due to FAAH deletion inhibit production and 

release of inflammatory mediators from urothelial cells, reducing severity of cystitis and 

associated enhanced pain sensation. Further, AEA may also exert a direct inhibitory action 

on afferent nerves in bladders (Walczak and Cervero, 2011; Aizawa et al., 2014). Therefore, 

suppression of bladder inflammation and associated increased bladder activity and referred 

mechanical hyperalgesia in FAAH KO mice may result from the combined effects of 

reduced inflammation and inhibition of afferent nerve activity. It should be noted that 

concentrations of AEA are also increased in spinal cord and brain of FAAH KO mice, and 

these structures are obviously involved in moderating bladder function and pain sensation. It 

was reported that intrathecal injection of a FAAH inhibitor decreased micturition frequency 

in normal rats and decreased frequency and bladder pressures in rats with bladder 

overactivity (Füllhase et al., 2013). Additional studies are needed to examine the regulation 

of expression of pro-inflammatory compounds at protein level and to further clarify the 

mechanisms underlying the effects of FAAH deletion or inhibition on enhanced pain 

sensation associated with bladder inflammation.

In conclusion, the severity of CYP-induced cystitis was reduced, and cystitis-associated 

increased peripheral sensitivity to mechanical stimuli was inhibited in FAAH KO mice. 

Similarly, inflammation-induced enhanced bladder activity (as reflected by increased 

voiding frequency) was reduced in FAAH KO mice. Our data indicate that endogenous 

AEA inhibits bladder inflammation and associated changes in pain perception and bladder 

function. Importantly, FAAH KO mice exhibit normal motility and thermoregulation 

(Cravatt et al., 2001), and treatment of animals with FAAH inhibitors do not cause 

symptoms such as catalepsy (rigid immobility), hypothermia and hyperphagia (increased 

food intake), that are associated with exogenously administered cannabinoids (Lichtman et 

al., 2004). Therefore, selective FAAH inhibitors may possess therapeutic potential to treat 

painful inflammatory bladder disorders without undesirable side effects generally associated 

with exogenously administered cannabinoids.
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Figure 1. 
Representative images of bladders from mice of both genotypes treated with saline or CYP 

(A). CYP (24 hours) induced cystitis characterized primarily by edema in the submucosal 

region (A). Scale bar indicates 100 µm. Also, CYP increased bladder weight (B, two way 

ANOVA results: Finteraction = 4.3, p < 0.05; Fgenotype = 63.3, p < 0.0001; Ftreatment = 9.6, p < 

0.01) and plasma extravasation (C, two way ANOVA results: Finteraction = 14.2, p < 0.05; 

Fgenotype = 43.3, p < 0.0001; Ftreatment = 8, p < 0.05). Mean ± S.E.M. n = 5–8 in each group. 

**: p < 0.01 vs saline-treated group. #: p < 0.05 vs CYP-treated WT mice.
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Figure 2. 
The concentrations of AEA (A) were significantly greater in bladders of KO as compared to 

WT mice (two way ANOVA results: Finteraction = 1.4, p = 0.7; Fgenotype = 67.6, p < 0.0001; 

Ftreatment = 7.3, p = 0.09), and treatment with CYP did not significantly alter AEA content in 

bladders of either WT or KO mice. Bladder 2-AG content was similar in both WT and 

FAAH KO mice, and treatment with CYP did not alter 2-AG content in bladders (B). Mean 

± S.E.M. n = 4 in each group. **: p < 0.01 vs WT mice.
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Figure 3. 
The number of small diameter urine spot was increased 24 hours after CYP in WT, but not 

in FAAH KO mice (A, two way ANOVA results: Finteraction = 12.9, p < 0.05; Fgenotype = 

14.3, p < 0.05; Ftreatment = 10.3, p < 0.05). Treatment with saline did not affect peripheral 

mechanical sensitivity (B). However, the mechanical sensitivity threshold was reduced 24 

hours after CYP in WT, but not in FAAH KO, mice (B, two way ANOVA results: Finteraction 

= 12.4, p < 0.01; Fgenotype = 36.2, p < 0.0001; Ftreatment = 7.2, p < 0.05). Mean ± S.E.M. n = 

6–8. **: p < 0.01 vs saline treated.
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Figure 4. 
Expression of mRNAs of pro-inflammatory compounds 3 hours after CYP. Expression of 

each gene is normalized to abundance of mRNA for L19, a constitutively-expressed 

ribosomal protein (house-keeping gene) in the same sample. Fold changes of expression of 

each gene in CYP-treated WT and saline- and CYP-treated FAAH KO mice were compared 

to the corresponding gene expression in saline-treated WT animals (set as 1). n = 6–8 for 

each treatment. *, ** indicate p <0.05 and 0.01, respectively, CYP vs saline for each 

genotype. # indicates p < 0.05 vs CYP-treated WT mice.
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