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Abstract: We investigated the capacity of intrathecal arachidonyl-2’-chloroethylamide (ACEA), a cannabinoid-1 re-
ceptor (CB1R) agonist, to inhibit referred hyperalgesia and increased bladder contractility resulting from acute
acrolein-induced cystitis in rats. 24 female rats were divided into 4 groups: 1) intrathecal vehicle/intravesical saline;
2) intrathecal vehicle/intravesical acrolein; 3) intrathecal ACEA/intravesical saline; and 4) intrathecal ACEA/intra-
vesical acrolein. Bladder catheters were placed 4-6 days prior to the experiment. On the day of the experiment, rats
were briefly anesthetized with isoflurane to recover the external end of the cystostomy catheter. After recovery from
anesthesia, pre-treatment cystometry was performed, and mechanical sensitivity of the hindpaws was determined.
Rats were again briefly anesthetized with isoflurane to inject ACEA or vehicle into the intrathecal space between L5-
L6. Beginning 10 minutes after intrathecal injection, saline or acrolein was infused into the bladder for 30 minutes.
Post-treatment cystometry and mechanical sensitivity testing were performed. Rats were euthanized, and bladders
were collected, weighed, and fixed for histology. The intrathecal vehicle/intravesical acrolein group developed me-
chanical hyperalgesia with post-treatment mechanical sensitivity of 6 + 0.3 g compared to pretreatment of 14 + 0.4
g (p < 0.01). Pre- and post- treatment hind paw mechanical sensitivity was statistically similar in rats that received
intrathecal ACEA prior to intravesical infusion of acrolein (15 + 0.2 g and 14 + 0.4 g, respectively). Acrolein treat-
ment increased basal bladder pressure and maximal voiding pressure and decreased intercontraction interval and
voided volume. However, intrathecal ACEA was ineffective in improving acrolein-related urodynamic changes. In ad-
dition, bladder histology demonstrated submucosal and muscularis edema that was similar for all acrolein-treated
groups, irrespective of ACEA treatment. Intravesical saline had no effect on results of cystometry or mechanical
sensitivity of the hind paws, regardless of intrathecal treatment. Intrathecal ACEA prevented referred hyperalgesia
associated with acute acrolein-induced cystitis. However, in this experimental model, ACEA did not ameliorate the
associated urodynamic changes. These findings suggest that pain arising from cystitis may be inhibited by activation
of spinal CBAR but the acute local response of the bladder appeared to be unaffected by stimulation of spinal CB1R.
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Introduction

Bladder disorders are frequently characterized
by pain and increased contractility. It has long
been recognized that cannabinoids have the
capacity to provide analgesia, and recent stud-
ies indicate that cannabinoids have the capac-
ity to inhibit bladder contractility in vivo [1] and
in vitro [2], as well as suppressing noxious
afferent input from the bladder [3]. However,
the majority of in vivo studies have entailed sys-
temic administration of cannabinoids or inhibi-
tors of fatty acid amide hydrolase, the enzyme

primarily responsible for degradation of the
endocannabinoid anandamide (AEA) [4]. Anan-
damide has the capacity to bind to the primary
cannabinoid receptors CB1R and CB2R, as well
as the transient receptor vanilloid potential 1
(TRPV1) and GPR55 [4, 5]. Receptors for can-
nabinoids have been identified in the spinal
cord, dorsal root ganglia, and bladder. Despite
the use of systemic CB1R and CB2R antago-
nists, as well as studies performed with mice
deficient for functional CB1R [6], it is unclear
whether the effects of cannabinoids on bladder
pain and contractility are due to activation of
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Table 1. Experimental groups

Group Intrathecal Intravesical
Veh/sal vehicle 0.9% saline
Veh/acro vehicle 1 mM acrolein
ACEA/sal 100 pg ACEA 0.9 % saline
ACEA/acro 100 pg ACEA 1 mM acrolein

Each group included 6 adult female Wistar rats. 1 mM
acrolein (acro) was dissolved in normal saline. 100 pg
ACEA was dissolved in the vehicle which was v:viv, 2%
Tween-80: 15% dimethyl sulfoxide: 83% normal saline.

receptors within the bladder, peripheral nerves,
and/or central nervous system.

The present study was performed to specifical-
ly investigate participation of spinal CB1R in
regulation of bladder contractility and sensiti-
zation of peripheral somatic afferent pathways
in the presence of bladder inflammation. It was
recently reported that intrathecal instillation of
a FAAH inhibitor suppressed increased bladder
contractility due to partial urethral obstruction
with or without intravesical instillation of pros-
taglandin E, [7]. However, increased anan-
damide within the intrathecal space could have
exerted its effects via any of the receptors to
which it binds. The specific capacity of spinal
CB1R receptors to modulate responses to blad-
der inflammation remains unclear. These expe-
riments were designed to specifically evaluate
the capacity of intrathecal arachidonyl-2’-chlo-
roethylamide (ACEA), a selective CB1R agonist
[8], to attenuate referred hyperalgesia and
increased bladder contractility associated with
acrolein-induced cystitis. In the model of acro-
lein-induced cystitis, rats not only developed
changes in urodynamics but also exhibit
referred somatic hyperalgesia similar to that
observed in Interstitial Cystitis/Painful Bladder
(IC/PBS) patients [9].

Materials and methods
Animals

Adult female Wistar rats (225-310 g) were used
in these experiments and housed in standard
care facilities with water and food ad libitum on
a 12 hour light-dark cycle. All animal protocols
were reviewed and approved by the Animal
Care and Use Committee of the University of
Wisconsin. There were 4 groups of rats treated
as outlined in Table 1 with each group including
6 rats.

29

Bladder catheterization

Bladder catheters were surgically implanted in
rats 4-6 days before experiments. Rats were
treated perioperatively for 96 hours with trime-
thoprim-sulfmethoxazole (40 mg-200 mg/250
mL, final concentration) in their drinking water.
On day of catheter implantation, rats were
anesthetized with isoflurane (5% for induction
and 2% for maintenance), and 15 ug of
buprenorphine in 1 mL of normal saline was
given subcutaneously for postoperative analge-
sia. The dorsal neck and lower abdomen were
clipped, prepped with 1% povidone iodine, and
sterilely draped. A 4 cm incision was made in
the lower abdomen to expose the bladder, and
a small incision was made in the dome. A 25
cm polyethylene-50 catheter with a cuff was
inserted into the bladder and secured with a
6-0 silk purse-string suture. The catheter was
tunneled subcutaneously to the dorsal neck,
anchored, and the free end was stoppered with
a blunted 22 gauge needle. The skin was closed
with three 4-0 silk interrupted sutures, and the
abdominal wound was closed with 4-0 silk
suture. The catheter was covered with a dress-
ing and secured to the rat’s back. Animals were
allowed to recover and then returned to the ani-
mal care facility where they were housed indi-
vidually until the day of experiment.

Cystometry and mechanical sensitivity

On the day of experimentation, individual rats
were briefly anesthetized with isoflurane (5%
induction and 2% maintenance), weighed, and
the catheter dressing removed. Rats were
placed in a Plexiglas chamber (25 x 8 x 9 cm)
with a wire mesh floor. The bladder catheter
was connected to a three-way stopcock con-
nected to an infusion pump and pressure trans-
ducer. Rats were allowed to recover from anes-
thesia and acclimate to the chamber for 30-40
minutes.

Baseline mechanical sensitivity of both hind-
paws was determined using the up-down
threshold technique with von Frey monofila-
ments (2, 4, 6, 8, and 15 g) [10]. Mechanical
sensitivity of the hindpaws has been evaluated
as indicative of referred hyperalgesia from vis-
ceral inflammation [11]. Starting at 2 g, fila-
ments were applied perpendicularly to the plan-
tar surface of the paw until there was bending
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Figure 1. Representative cystometrograms. A. Rep-
resentative pre-treatment cystometrogram. All pre-
treatment cystometrograms were statistically similar
(see Table 2). B-E. Representative post-treatment
cystometrograms: B. veh/sal; C. veh/acro; D. ACEA/
sal; and E. ACEA/acro.

of the filament. A withdrawal of the paw or lick-
ing was considered a positive response. If there
was no response, the next filament in the
sequence was tested. If a positive response
was elicited, the next weaker filament was test-
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ed. Once the weakest filament causing a posi-
tive response was identified, the testing series
was repeated. Four to six testing series were
performed per animal.

Completion of testing of baseline mechanical
sensitivity was followed by performance of pre-
treatment cystometry. Normal saline was
infused into the bladder at 10 mL/hour for 1
hour. Urodynamic measurements during the
final 40 minutes were utilized for data analysis.
Also during this time, voided saline was collect-
ed on pre-weighed labliner paper. The volume
of saline voided per micturition event was
determined from the mass of voided saline and
its density (1.046 g/mL).

The animal was again briefly anesthetized (10-
15 minutes) with isoflurane, and an intrathecal
injection (20 uL) of vehicle (v:v:v, 2% Tween-80:
15% dimethyl sulfoxide: 83% normal saline) or
100 pg ACEA in vehicle was administered via
the L5-L6 interspace with a 1.5 inch 27 gauge
needle attached to a 25 pyL Hamilton glass
syringe. The rat was returned to the chamber,
and the bladder catheter was reconnected to
the stopcock. Ten minutes after intrathecal
injection, 1 mM acrolein (in saline) or normal
saline was infused intravesically for 30 minutes
at a rate of 2 mL/hour. Post-treatment cystom-
etry was performed at the conclusion of infu-
sion of acrolein or saline by infusing saline infu-
sion at 10 mL/hour for 1 hour as described for
pre-treatment cystometry. Mechanical sensitiv-
ity of the hindpaws was again determined as
previously described after completion of cys-
tometry. Rats were euthanized with 0.4 mL of
intra-peritoneal Beuthanasia® (390 mg/mL
pentobarbital and 50 mg/mL phenytoin) and
perfused with 200 mL of 4°C normal saline via
the left ventricle. Bladders were collected, and
bladder weights were recorded.

Histology

Bladders were fixed in 2% paraformaldehyde
overnight followed by cryoprotection with 30%
sucrose in 0.1 M phosphate buffer overnight.
Bladders were then frozen in Tissue-tek® O.T.C.
compound, cryosectioned in 20 ym transverse
sections, and sections were mounted on slides.
Tissue sections were then stained with hema-
toxylin and eosin (H & E) and viewed with light
microscopy.
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Table 2. Results of Cystometry

veh/acro ACEA/sal ACEA/acro

Basal Bladder Pressure (mm Hg) (BBP) Pre 5.61+0.379 5.08+0.316 6.18+0.239 4.39+0.196
Post 4.74 +0.217 172 +0.387* 5.64 +£+0.323 12.5+0.323*
Maximum Voiding Press (mm Hg) (MVP) Pre 385+0.904 32.1+0.786 32.0+1.01 26.3+0.838
Post 35.8+0.766 59.1+ 1.22* 28.6+0.654 54.2+1.38*

Intercontraction interval (s) (ICl) Pre 299 +5.50 248 + 4.81
Post 286+ 11.3 71 + 3.16*

388 + 14.6 352 +18.5
468 + 14.6 111 + 5.49*

Voided volume (uL) (VV) Pre 738 +26.7 742 £ 16.0 1080 + 25.4 899 +52.5
Post 786+38.0 190+11.3* 1360+33.0 254+ 12.3*

Values reported as mean + SEM (standard error of the mean). Pre = pre-treatment. Post = post-treatment. *indicates signifi-

cant difference (p < 0.05) compared to pre-treatment.
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2). Figure 1C is a representa-
tive post-treatment cystomet-
rogram of a veh/acro-treated
rat. When compared to pre-
treatment values, basal blad-
der pressure (BBP) and maxi-
mal voiding pressure (MVP)
were significantly increased,
and intercontraction interval
(ICl) and average voided vol-
ume (VV) per micturition were
decreased (p < 0.05 for all
comparisons) (Table 2). Figure

Epre

veh/sal veh/acro ACEA/sal

Figure 2. Mechanical sensitivity of hindpaws. Mechanical sensitivity of hind-
paws. Mechanical sensitivity studies were conducted using von Frey mono-
filaments. Pre = pre-treatment. post = post-treatment. Error bars represent
standard error of the mean (SEM). Veh/acro post-treatment mechanical
sensitivity was statistically increased compared to the pre-treatment value
indicating development of hyperalgesia (*p < 0.01). It was also statistically
greater than post-treatment ACEA/acro, indicating that ACEA prevented de-

velopment of hyperalgesia (*p < 0.01).

Statistics

Data were compared using one-way ANOVA
with Bonferroni post-hoc analysis. A p < 0.05
was considered significant.

Results
Urodynamics

Figure 1A is a representative pre-treatment
cystometrogram. Pre-treatment urodynamic
measurements were similar among all groups
(Table 2). The post-treatment cystometrogram
(Figure 1B) and urodynamic values of the veh/
sal group were not statistically different when
compared to the pre-treatment values (Table
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ACEA/acro

1D is a post-treatment cysto-
metrogram of ACEA/sal. The
pre- and post- treatment uro-
dynamic measurements of
this group were statistically
the same (Table 2). Figure 1E
is a representative post-treat-
ment cystometrogram  for
ACEA/acro. Similar to the veh/
acro group, BBP and MVP
were significantly increased, and ICl and VV
were significantly decreased (p < 0.05) when
compared to pre-treatment (Table 2).

Mechanical sensitivity of hindpaws

Pre-treatment mechanical hindpaw sensitivity
was statistically similar between all groups, 14
+ 0.4 g (mean #* standard error of the mean
(SEM)) for veh/sal, 14 + 0.4 g for veh/acro, 15
+ 0.3 g for ACEA/sal, and 15 + 0.2 g for ACEA/
acro (Figure 2). Post-treatment mechanical
sensitivity was statistically the same as the
pre-treatment values for veh/sal (13 + 0.5 g),
ACEA/sal (13 + 0.5 g), and ACEA/acro (14 £ 0.4
g). The veh/acro group developed mechanical
hyperalgesia as demonstrated by a statistically
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Figure 3. Mean weights and histological sections of bladders. A. Bladder mass increased after treatment with
acrolein, irrespective of ACEA treatment (*p < 0.05). Error bars represent SEM. B-E. Hematoxylin-eosin stained
histological sections of bladders post-treatment: B. veh/sal; C. veh/acro; D. ACEA/sal; and E. ACEA/acro. Treatment
with acrolein resulted in edema in the submucosa and muscularis, irrespective of ACEA, while treatment with saline
did not induce edema. The scale bar in E is 50 ym.

significant increase in mechanical sensitivity (6 post-treatment mechanical sensitivity of the
+ 0.3 g post-treatment) compared to pretreat- veh/acro group (6 + 0.3 g) was statistically
ment (14 £ 0.4 g; p < 0.01). In addition, the increased as compared to post-treatment
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mechanical sensitivity of the ACEA/acro (14 +
0.4 g) (p < 0.01). These data demonstrate that
intrathecal administration of ACEA prevented
development of referred hyperalgesia.

Bladder weight and histology

Bladder masses were statistically greater in
rats that received intravesical acrolein (veh/
acro, 0.359 + 0.034 g, and ACEA/acro, 0.441 +
0.032 g), irrespective of intrathecal ACEA (p <
0.01), compared to those that received intra-
vesical saline (veh/sal, 0.198 + 0.022 g and
ACEA/sal, 0.230 + 0.013 g) (Figure 3A). Figure
3B-E are H & E stained bladder sections repre-
sentative of the 4 groups. Histological evalua-
tion of the bladders consistently showed
increased edema in the submucosa and mus-
cularis layers of the groups receiving intravesi-
cal acrolein (Figure 3C and 3E), while normal
bladder architecture was observed in animals
receiving intravesical saline (Figure 3B and
3D).

Discussion

A consistent cannabinoid therapeutic goal is
improved efficacy of treatment with minimal
undesirable side effects. Identification of which
cannabinoid receptors regulate various physio-
logical processes and the location of the rele-
vant receptor(s) responsible for these effects
should improve outcomes of treatment utilizing
cannabinoids while minimizing side effects.
Systemic administration of cannabinoids has
been demonstrated to provide analgesia in
experimental models of inflammatory pain [12,
13]. However, this method of delivery cannot
delineate the specific and selective effects of
activation of the CB1R, CB2R or other cannabi-
noid receptors within the spinal cord, peripher-
al nerves, or bladder on afferent sensitization
or bladder contractility. Similarly, observation
of the presence of cannabinoid receptors with-
in various tissues alone does not confirm activ-
ity of these receptors when exposed to canna-
binoids. Therefore, our study was designed to
determine the specific effects of intrathecal
ACEA, a selective CB1R agonist [8], on referred
hyperalgesia and increased bladder contractili-
ty associated with acute acrolein-induced cysti-
tis. Intrathecal CB1R agonist is an alternative
route of administration to systemic that has
been demonstrated to be antihyperalgesic and
antiallodynic in models of somatic pain [14,
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15]. However, this has not been investigated in
visceral pain. The acrolein-induced cystitis
model of visceral pain results in bladder wall
edema and hemorrhagic cystitis, a feature
seen in some patients treated with cyclophos-
phamide [9].

In the current study, intravesical acrolein
caused urodynamic changes and increased
peripheral mechanical sensitivity similar to that
observed in prior studies [11, 16]. Intrathecal
administration of ACEA, inhibited referred
peripheral mechanical hyperalgesia, but had
no effect on increased bladder contractility
associated with acrolein-induced cystitis. This
observation suggests that signaling via spinal
CB1 receptors has little effect on bladder con-
tractility induced by acute inflammation. The
mechanisms by which intrathecal CB1R ago-
nists reduce hyperalgesia have not been clearly
elucidated. CB1R are located both on presyn-
aptic afferents and postsynaptic interneurons
at the level of the spinal cord [17]. Prior studies
comparing normal and CB1R (on peripheral
nerves) knockout mice suggest that not only
are there peripheral anti-hyperalgesia mecha-
nisms but also spinal postsynaptic mecha-
nisms. In the absence of peripheral CB1R on
afferents, hyperalgesia was inhibited by intra-
thecal administration of a CB1R agonist [18]. In
addition, using similar CB1R knockout mice,
Kato et al. demonstrated that CB1R on periph-
eral nerves were necessary for long term
depression of excitatory synapses in primary
afferents [19]. Moreover, a CB1R agonist
decreased C-fiber post-discharge response in
repetitive stimulation that is indicative of hyper-
excitability [20].

Administration of ACEA 1.5 hours before
mechanical sensitivity tests were conducted
prevented development of referred mechanical
hyperalgesia in our study. These results indi-
cate that 1) the actions of intrathecal ACEA last
longer than one hour and/or 2) the effects of
the stimulus (e.g., intravesical acrolein) on
referred mechanical hyperalgesia could be
modified by prior administration of a CB1R ago-
nist. Prior studies from our laboratory have
demonstrated that intrathecal lidocaine inhib-
its referred mechanical hyperalgesia when
administered prior to intravesicular acrolein
infusion but was ineffective when administered
after instillation of acrolein, even though this
local anesthetic is often used to treat pain after
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the inciting event [11]. While we did not investi-
gate the effects of intrathecal ACEA given after
hyperalgesia develops, it is likely that it would
also be effective as demonstrated by previous
studies of chronic somatic pain where in which
CB1R agonists abated hyperalgesia [14, 21].

Intrathecal administration of ACEA had no sig-
nificant effect on urodynamic changes caused
by intravesical acrolein. This is particularly
interesting in light of the report that intrathecal
administration of an inhibitor of AEA degrada-
tion prevented urodynamic changes induced by
partial bladder outlet obstruction or prosta-
glandin E, [7]. As mentioned previously, differ-
ential findings between that study and the cur-
rent report may be due to differences in
experimental design or activation CB2R (or
other signaling pathways) by increased spinal
AEA.

Bladder edema, as evidenced by increased
bladder weight and thickening of the submuco-
sa and muscularis, caused by acrolein was
unchanged by administration of intrathecal
ACEA. We previously reported that intrathecal
lidocaine had no effect on histological changes
induced in the bladder by acrolein [11]. This
was also observed in studies of arthritis in
which joint infammation was unchanged by
intrathecal administration of cannabinoids
[22]. These combined results suggest that spi-
nal signaling has little or no effect on local tis-
sue response to inflammatory stimuli.

In conclusion, the results of this study demon-
strate that intrathecal ACEA prevents referred
hyperalgesia at the spinal level in an acute
model of acrolein-induced cystitis in rats with-
out changes in urodynamics or bladder inflam-
mation. Our findings suggest that intrathecal
CB1R agonists may be an effective treatment
for pain associated with cystitis.
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