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Abstract

Purpose—We investigated whether treatment with the selective cannabinoid receptor 2 agonist
GP1a would ameliorate the severity of experimental cystitis. We determined the association of
referred hyperalgesia and increased urinary frequency after establishing cystitis in mice by
intravesical instillation of acrolein.

Materials and Methods—Clystitis was induced by intravesical instillation of acrolein in female
C57BL/6NH mice. Mice were treated with GP1a (10 mg/kg intraperitoneally) or vehicle 3.5, 22
and 30 hours after instillation of acrolein. Mice were tested for mechanical sensitivity of hind
paws. Short-term voluntary voiding was assessed by quantifying urine spots of freely moving
mice. Bladders were collected, weighed and processed for immunohistochemical, histological and
immunoblotting analysis.

Results—At 48 hours after acrolein instillation the bladder of all mice showed histological
evidence of inflammation. The severity of edema and increase in bladder weight were inhibited in
cannabinoid receptor 2 agonist treated animals (p <0.05). Neither cystitis nor treatment with GP1la
or AM630 (selective cannabinoid receptor 2 antagonist) plus GP1a appeared to alter cannabinoid
receptor 2-like immunoreactivity abundance in urothelium. Mechanical sensitivity was
significantly increased after acrolein and the increase was attenuated in cannabinoid receptor 2
agonist treated mice (p <0.05). The number of small diameter urine spots was significantly
increased after acrolein and treatment with GP1a attenuated this increase (p <0.05). GP1a effects
were prevented by AM630.

Conclusions—Treatment with a selective cannabinoid receptor 2 agonist decreased severity of
established acrolein induced cystitis and inhibited bladder inflammation associated increased
referred mechanical sensitivity and increased bladder urinary frequency. Our data indicate that
cannabinoid receptor 2 is a potential therapeutic target for treatment of painful inflammatory
bladder diseases.

© 2014 by American Urological Association Education and Research, Inc.
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Cannabinoids have anti-inflammatory effects. Study design has consistently entailed
cannabinoid administration before initiating inflammation.12 The effects of cannabinoids
are mediated primarily by CB1 and CB2, which are coupled to inhibitory G proteins.1—3
Intravesical administration of a selective CB1 agonist inhibited bladder afferent nerve
sensitization induced by bladder inflammation.# However, Dinis et al reported that treatment
with a selective CB1 antagonist did not affect enhanced reflex reactivity associated with
bladder inflammation.> On the other hand, CB2 is present in the bladder of various species,
including humans, monkeys and rodents,®—2 particularly in urothelial cells.5-8 Treatment
with a selective CB2 agonist increased micturition interval and volume in normal rats® and
improved bladder function in rats after partial urethral obstruction.19 These studies support a
role of CB2 in regulating bladder function under physiological and pathophysiological
conditions.

IC/PBS is a painful chronic disorder characterized by increased frequency, urgency and
bladder pain.1! The etiology and pathogenesis of IC/PBS remain unknown and no treatment
or combination of treatments has been consistently effective in alleviating symptoms in
patients with IC/PBS.11 We previously reported that pretreatment with the CB2 agonist
GP1a decreased the severity of acute cystitis induced by acrolein and associated referred
hyperalgesia.? To further explore the potential of CB2 as a therapeutic target for
inflammatory bladder disease we extended our investigation to examine whether treatment
with the CB2 agonist GP1a would ameliorate the severity of experimental cystitis and
associated referred hyperalgesia after establishing cystitis by intravesical instillation of
acrolein. Such studies may have greater clinical relevance since patients typically seek
medical treatment of established disease rather than prevention of impending disorders.

MATERIALS AND METHODS

Study Design

Ten to 12-week-old female C57BL/6NH mice were obtained from Harlan®. Experiments
were done in accordance with National Institutes of Health Guidelines. All protocols were
reviewed and approved by the University of Wisconsin animal care and use committee.

Mice were anesthetized with Avertin® (250 mg/kg) injected intraperitoneally. Cystitis was
induced by intravesical instillation of acrolein (0.5 mM and 150 pl total volume, Ultra
Scientific, Kingstown, Rhode Island) via a PE10 urethral catheter (BD™) with an inner and
outer diameter of 0.28 and 0.61 mm, respectively. Acrolein remained in the bladder for 40
minutes. Control mice received an equivalent volume of intravesical saline (0.9%) instead of
acrolein.

The selective CB2 agonist GP1a and antagonist AM630 (Tocris, Bristol, United Kingdom)
were dissolved in ethanol as stock solutions and diluted in saline to desired concentrations.
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GP1a (10 mg/kg) or vehicle was given intraperitoneally 3.5, 22 and 30 hours after acrolein
instillation. AM630 (10 mg/kg) or vehicle was given 10 minutes before GP1a injection by
subcutaneous injection.

At 48 hours after acrolein or saline instillation the mice were deeply anesthetized with
pentobarbital (50 mg/kg intraperitoneally) and perfused with saline through a cannula
inserted in the left ventricle. The bladders were removed and weighed. Bladder weight in mg
was normalized to body weight in gm. The bladders were then divided into 2 parts. The
caudal part, including the neck region, was fixed and tissue sections were made for
morphological and immunohistochemical analysis. The urothelium/suburothelium of the
remainder of the bladders was mechanically separated from the detrusor and stored at —80C
until analysis.12

Histological Analysis and Immunohistochemistry

Histological analysis was performed after hematoxylin and eosin staining. Acrolein induced
cystitis was characterized primarily by edema in the submucosal region. An edema score
was determined, including 0—no evident edema, 1—mild, 2—moderate or 3—severe
edema.3 The increased bladder weight correlated closely with the severity of edema and
changes in bladder weight reliably reflect cystitis severity in this model. Therefore, we also
measured bladder weight and used these values for semiquantitative analysis of cystitis
severity.13 In contrast to cystitis induced by cyclophosphamide/acrolein in rats, infiltration
of inflammatory cells is mild and varies considerably in the same treatment group in mice
(unpublished data). Also, urothelial ulceration was not consistently observed with the dose
of acrolein used, which produced cystitis of moderate severity.

For immunohistochemistry bladder tissue sections were blocked with 10% normal goat
serum. A specific CB2 antibody (1:500, Cayman Chemical, Ann Arbor, Michigan) was
applied and tissue sections were incubated in a humid chamber overnight at 4C. Staining
was revealed using secondary goat anti-rabbit 1gG conjugated with fluorescein
isothiocyanate (1:1,000, Sigma®). Slides were rinsed and mounted with antifade solution
(Vector Laboratories, Burlingame, California). Slides were examined with a Nikon™ E600
microscope and digital images were captured. CB2 antibody specificity is well described.
This antibody reveals CB2 expression in various tissues in wild-type but not in CB2
knockout mice.14

Semiquantitative Immunoblot Analysis

The urothelium/suburothelium was homogenized. Protein samples were resolved on 10%
sodium dodecy! sulfate-polyacrylamide gel and transferred to nitrocellulose membranes.
Membranes were blocked and incubated at 4C overnight with CB2 antibody (1:1,000,
Cayman Chemical). Membranes were incubated with secondary antibody conjugated to
horseradish peroxidase. Signals were revealed using a chemiluminescent detection reagent
(Amersham™). CB2 abundance was estimated by optical density measurement with ImageJ
(http://rsb.info.nih.gov/ij/). Values were normalized to the loading control, as determined by
glyceraldehyde 3-phosphate dehydrogenase (1:5,000, Abcam®) abundance in the same
sample.13
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Peripheral Nociception Testing

Hind paw mechanical sensitivity was assessed using von Frey monofilaments and the up-
down method.13 Mice were placed individually in a Plexiglas® chamber with a wire mesh
floor and allowed to acclimate for at least 30 minutes or until cage exploration stopped.
Hind paw sensitivity was assessed with a series of 6 von Frey filaments of increasing
stiffness. Stimulus related retraction of the tested paw was considered a withdrawal
response. The 50% paw withdrawal threshold was determined by the nonparametric method
of Dixon.1% The individual who performed testing was blinded to the mouse treatment

group.

Voiding Behavior Analysis

Short-term voluntary voiding was assessed by measuring and quantifying urine spots
produced by freely moving mice. Mice were placed individually on filter paper in a standard
cage for 30 minutes. Urine spots were photographed under ultraviolet light and the number
of urine spots 0.2 cm? or less in diameter was counted. An increase in the number of small
diameter urine spots is considered to suggest irritative voiding and reflect increased urinary
frequency.16

Statistical Analysis

Data are shown as the arithmetic mean + SEM of 6 to 8 preparations per treatment group.
Data were analyzed using 1-way ANOVA followed by Bonferroni post hoc comparisons
using Prism® with p <0.05 considered significant.

RESULTS

CB2-Like Immunoreactivity in Urothelium

CB2-like immunoreactivity was consistently observed in the urothelium of bladders from all
groups (fig. 1, A). Cells were considered to be labeled with the specific antibody when
fluorescence intensity was distinctively higher than the background level. Using antibody
pre-incubated with the antigen peptide used to generate the antibody resulted in a complete
lack of specific staining (data not shown). Immunoblot revealed that neither cystitis nor
treatment with GP1a or AM630 plus GP1a appeared to alter CB2-like immunoreactivity
abundance in the urothelium (fig. 1, B and C).

GP1a Effects

Cystitis severity—No signs of cystitis were observed in saline treated animals (fig. 2, A).
At 48 hours after acrolein administration histological examination of the bladders indicated
cystitis, primarily characterized by edema in the submucosal region (fig. 2, A). The weight
of acrolein treated bladders was significantly increased relative to that of saline treated
controls and the edema score of acrolein treated bladders was also significantly greater (each
p <0.01, fig. 2, B and C). GP1a treatment attenuated the increase in bladder weight (vs
acrolein each p <0.05, fig. 2, B and C). The severity of edema (vs acrolein p <0.05, fig. 2, C)
and the effects of GP1a were prevented by pretreatment with the selective CB2 antagonist
AMGB30 (vs acrolein plus GP1a p <0.05, fig. 2, B and C).
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Enhanced mechanical sensitivity associated with cystitis—The basal mechanical
sensitivity threshold was about 2.8 gm in all groups (fig. 3). Intravesical instillation of saline
did not affect peripheral mechanical sensitivity (fig. 3). The mechanical sensitivity threshold
was decreased 3, 24 and 48 hours after acrolein instillation (vs saline p <0.01). GP1a
treatment attenuated increased mechanical sensitivity at 24 and 48 hours (vs acrolein p
<0.05). The effect of GP1a was reversed by the selective CB2 antagonist AM630 (vs
acrolein plus GPla p <0.05).

Altered bladder function associated with cystitis—Exposure to acrolein
significantly increased the number of small urine spots observed at 24 hours (vs saline p
<0.05, fig. 4). GP1la treatment attenuated the increased number of small urine spots vs
acrolein treatment (p <0.05, fig. 4). The effect of GP1a was reversed by the selective CB2
antagonist AM630 (vs acrolein plus GP1a p <0.05). At 48 hours the increase in the number
of small urine spots was numerically greater in acrolein treated mice but differences did not
increase to a significant level in the saline control and acrolein groups (p >0.05, fig. 4).

DISCUSSION

In the current study we found that 1) CB2-like immunoreactivity is present in urothelium, as
previously reported, 2) treatment with the selective CB2 agonist GP1a decreased the severity
of established acrolein induced cystitis, 3) the CB2 agonist also inhibited increased
peripheral sensitivity to mechanical stimuli and increased urinary frequency associated with
cystitis, and 4) the effects of GP1a were reversed by the CB2 selective antagonist AM630,
confirming GP1a specificity for CB2.

CB2 activation inhibits tissue inflammation.1:17-19 Pretreatment with selective CB2 agonists
attenuated carrageenan induced edema in the hind paw of rats and the inhibitory effects were
reversed by selective CB2 antagonists.! Similar treatments also decreased arachidonic acid
induced edema in the earl8 and edema of the hind paw elicited by intra-plantar injection of
lipopolysaccharide.1® Pretreatment with selective CB2 agonists inhibited the severity of
experimental colitis and attenuated inflammatory responses in mice with cardiac and hepatic
ischemia/reperfusion injury.29-22 In contrast, a selective CB2 antagonist exacerbated the
severity.

Also, the antinociceptive effects of CB2 activation are well documented.23-25 Pretreatment
with CB2 agonists decreased the second phase of nocifensive behavior elicited by
intraplantar injection of formalin in mice and the allodynia elicited by L5-L6 spinal nerve
ligation in rats.26 These effects of CB2 agonists were prevented by selective CB2
antagonists.28 In other studies treatment with CB2 agonists suppressed carrageenan evoked
thermal and mechanical hyperalgesia in rodents!:2527 and cancer induced pain.2* We
previously reported that pretreatment with the selective CB2 agonist GP1la decreased the
severity of bladder inflammation and inhibited the enhanced peripheral mechanical
sensitivity associated with acute cystitis while the inhibitory effects of GP1a were reversed
by the selective CB2 antagonist AM630.12 These studies clearly support the anti-
inflammatory and anti-nociceptive effects of CB2.
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Notably, while bladder inflammation and enhanced mechanical sensitivity persisted 48
hours after acrolein, increased urinary frequency appeared to resolve sooner. We currently
lack a satisfactory explanation for this phenomenon. However, inflammation is a
complicated process. The factors/mechanisms underlying increased urinary frequency may
or may not be identical to those associated with increased referred mechanical sensitivity.
Future studies are needed to further investigate the mechanisms underlying bladder
inflammation as well as associated increased referred mechanical sensitivity and altered
bladder function.

Most studies were designed to evaluate the effects of CB2 agonists/antagonists by
administering these compounds before inducing tissue inflammation or applying noxious
stimuli. Therefore, the observed effects of these compounds have likely been preventive. On
the other hand, patients usually seek treatment of established disease. We found that GP1a
treatment in mice with established cystitis decreased the severity of cystitis and reversed the
increased urinary frequency and bladder inflammation associated with enhanced peripheral
mechanical sensitivity. This demonstrates the potential of using CB2 agonists for the
treatment instead of the prevention of inflammatory bladder disease.

Our study and others reveal that CB2 is present in urothelial cells. Urothelial cells have the
capacity to secrete various molecules, such as prostaglandin E,, nerve growth factor, nitric
oxide and cytokines, which could significantly influence bladder function and participate in
bladder inflammation and pain sensation.28 CB2 is coupled to inhibitory G proteins and CB2
activation inhibits adenylyl cyclase,? and the release of inflammatory cytokines in
inflammatory22:29 and tumor?4 cells. CB2 activation may possibly inhibit the production and
release of inflammatory mediators from urothelial cells, decreasing the local inflammatory
response of the bladder. CB2 activation also inhibited the capsaicin induced increase of
intracellular calcium in dorsal root ganglia afferent neurons3C and the release of calcitonin
gene-related peptide from afferent nerve fibers in bladders’ and spinal cord slices.?’ CB2
activation may conceivably suppress the production and release of inflammatory mediators
from urothelial cells involved in bladder inflammation and afferent nerve sensitization.
Furthermore, CB2 activation may exert a direct inhibitory action on afferent nerves.
Therefore, the suppression of bladder inflammation, increased urinary frequency and
referred mechanical hyperalgesia by systemic administration of CB2 agonists may result
from the combined effects of decreased inflammation and afferent nerve activity inhibition.

CONCLUSIONS

Treatment with a selective CB2 agonist decreased the severity of established cystitis and
reversed the increased urinary frequency and referred mechanical hyperalgesia associated
with cystitis. Results provide further evidence that CB2 is a potential therapeutic target for
painful inflammatory disease.
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Abbreviations and Acronyms

AM630 6-iodo-2-methyl-1-[2-(4-morpholinyl)ethyl]-1H-indol-3-yl](4-
methoxyphenyl)methanone
CB cannabinoid receptor
GPla N-(piperidin-1-yl)-1-(2, 4-dichlorophenyl)-1,4-dihydro-6-methylindeno[1,2-
c]pyrazole-3-carboxamide
IC/PBS interstitial cystitis/painful bladder syndrome
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Figure 1.
Representative images show immunohistochemical localization of CB2-like

immunoreactivity in bladder urothelium of mice treated with saline, acrolein, acrolein plus
GP1a and acrolein plus AM630 plus GP1a (A). Scale bar indicates 50 pm. Immunoblot
reveals that neither cystitis nor treatment with GP1a or AM630 plus GP1a altered CB2-like
immunoreactivity abundance in urothelium (B and C). GAPDH, glyceraldehyde 3-phosphate
dehydrogenase (B). Values represent mean + SEM of 6 saline treated controls and 8 mice
with other treatment (C).
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+
Acrolein

Representative images show bladder of mice treated with saline, acrolein, acrolein plus
GP1a and acrolein plus AM630 plus GP1a (A). Scale bar indicates 100 um. Acrolein
induced cystitis, characterized primarily by edema in submucosal region, and GPla
decreased acrolein induced edema (B) and bladder weight increase (C). GP1a effects were
reversed by AM630 pretreatment (B and C). Values represent mean + SEM of 6 saline
treated controls and 8 mice with other treatment. Asterisk indicates p <0.01 vs saline. Pound

sign indicates p <0.05 vs acrolein.
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Figure 3.

Intravesical instillation of saline did not affect peripheral mechanical sensitivity. After
acrolein instillation mechanical sensitivity threshold was decreased. GP1a attenuated
increased mechanical sensitivity and GP1a effect was reversed by selective CB2 antagonist
AMGB30. Values represent mean + SEM of 6 saline treated controls and 8 mice with other
treatment. Asterisk indicates p <0.01 vs saline. Pound sign indicates p <0.05 vs acrolein. At
sign indicates p <0.05 vs acrolein plus GP1a.
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Representative images show urine spots of mice treated with saline, acrolein, acrolein plus
GP1a and acrolein plus AM630 plus GP1a at 24 hours after saline or acrolein instillation

(A). Scale bar indicates 2 cm. Number of spots increased after acrolein intravesical
instillation. Acrolein effect was attenuated by GP1a and GP1a effect was reversed by

selective antagonist AM630 (B). Values represent mean + SEM of 6 saline treated controls
and 8 mice with other treatment. Asterisk indicates p <0.05 vs saline. Pound sign indicates p
<0.05 vs acrolein and vs acrolein plus AM630 plus GP1a.
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