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Stimulation of epithelial CB1 receptors inhibits
contractions of the rat prostate gland

S Tokanovic, DT Malone and S Ventura

Prostate Research Co-operative, Victorian College of Pharmacy, Monash University, Parkville, Victoria, Australia

Background and purpose: This study investigated whether stimulation of cannabinoid receptors influences smooth muscle
contractility in the rat prostate gland.
Experimental approach: Immunohistochemistry was used to characterize and localize cannabinoid receptors in the rat
prostate gland. Isolated organ bath experiments were carried out to investigate the effects of cannabinoids on prostate
contractility.
Key results: Immunohistochemical studies of the rat prostate yielded positive immunoreactivity for the CB1 receptor, but not
the CB2 receptor. Double labelling revealed that CB1 receptors were not colocalized with a-actin in the smooth muscle layer
but were primarily expressed within the epithelial lining of the prostatic acini. The cannabinoid receptor agonist WIN 55,212-2
(10 nM – 10 mM) inhibited contractile responses to electrical-field stimulation (10 Hz, 0.5 ms, 60 V for 2 s per minute) in a
concentration-dependent manner. The CB1 selective antagonists, SR141716 (1 mM) and LY 320135 (1 mM), reversed the WIN
55,212-2-mediated inhibition but the CB2 selective antagonist, SR144528 (1 mM), did not. Furthermore, the cyclooxygenase
inhibitor indomethacin (0.1 mM) caused significant reversal of the WIN 55,212-2 mediated inhibition of contractile responses,
whereas the nitric oxide synthase inhibitor No-nitro-L-arginine methyl ester hydrochloride (L-NAME, 1 mM) did not.
Prostaglandin E2 (10 nM – 10 mM), produced a similar concentration-dependent inhibition to WIN 55,212-2.
Conclusions and implications: WIN 55,212-2, an agonist at cannabinoid receptors, causes inhibition of smooth muscle
contraction in the rat prostate by activating epithelial CB1 receptors. This inhibition is mediated via the cyclooxygenase
pathway.
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Introduction

In all mammals the prostate gland surrounds the proximal

urethra just inferior to the urinary bladder. Enclosed within

its capsule is a complex series of ducts that form a glandular

structure that provides proteins that constitute part of the

ejaculatory fluid (Lee et al., 1990). These ducts are lined with

mainly columnar epithelial cells that separate the lumen

from an underlying stromal matrix (Jesik et al., 1982). Like

other mammals, the stromal matrix of the rat prostate gland

incorporates smooth muscle, which is sympathetically

innervated (Flickinger, 1972). Release of noradrenaline and

adenosine 50-trisphosphate (ATP) from sympathetic nerve

terminals causes contraction of the rat prostatic smooth

muscle to propel prostatic secretions into the urethra during

ejaculation (Ventura et al., 2003).

Cannabinoid receptors are G-protein-coupled receptors

that recognize cannabinoid ligands and are denoted by the

abbreviation CB (Howlett et al., 2002). To date, two

cannabinoid receptor subtypes have been cloned, the CB1

and CB2 receptor (Matsuda et al., 1990; Munro et al., 1993).

The difference between the two receptors is based on

predicted amino-acid sequences, signalling mechanisms

and their tissue distribution (Howlett et al., 2002). It has

been shown that the CB1 receptor, which is predominantly

found in the central nervous system, is expressed in

peripheral tissues including the male reproductive tract

(Ruiz-Llorente et al., 2003). Cannabinoids are capable of

eliciting an effect on reproductive organs through either

direct or indirect mechanisms (Purohit et al., 1980; Murphy

et al., 1998). Although the presence of endocannabinoids has

not been shown in the prostate, CB1 receptor expression has

been shown in the epithelial cell layer of the human prostate
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(Ruiz-Llorente et al., 2003). Furthermore an anandamide

uptake transporter and the enzyme responsible for endo-

cannabinoid degradation, fatty acid amidohydrolase

(FAAH), are expressed in human prostate (Ruiz-Llorente

et al., 2004). Research in the area has focused on the ability of

cannabinoids to influence cellular proliferation using epithe-

lial cell lines. However, epithelial and stromal tissue layers,

such as are found in the prostate, are able to interact

and communicate molecular instructions (Hayward, 2002).

This suggests that CB receptors may influence prostatic

contractility.

Increasing evidence suggests that cannabinoids are able

to affect smooth muscle contractility through a number of

different mechanisms at different sites in the body. Periph-

eral CB1 receptors have been shown to inhibit electrically

stimulated contractions in the rat vas deferens presynapti-

cally (Christopoulos et al., 2001), presumably through the

inhibition of noradrenaline release from presynaptic nerve

terminals (Ishac et al., 1996). Prejunctional CB1 receptors are

also involved in presynaptic neurotransmission in other

peripheral tissues such as the guinea-pig ileum (Izzo et al.,

1998) and the mouse urinary bladder (Pertwee and Fernan-

do, 1996). The ability of cannabinoids to influence contrac-

tility is also seen in blood vessels, where cannabinoids are

capable of causing endothelial dependent or independent

smooth muscle relaxation (Deutsch et al., 1997; Ho and

Hiley, 2003).

The aims of this study were to investigate whether

cannabinoids are capable of influencing electrically evoked

contractions of the rat prostate and to characterize the

mechanism of action of any observed effect.

Methods

Animals and tissues

Male Sprague–Dawley rats (200–300 g) were housed in

a controlled environment at 221C and exposed to a photo-

period of 12 h light and 12 h dark. Animals were allowed

access to food and water ad libitum. Rats were killed by

cervical dislocation. Abdominal incisions were made expos-

ing the male urogenital region of the rat. Testes were then

repositioned to the left and right to allow ease of access while

dissecting out the lobes of the prostate. Each rat provided

two prostatic preparations from the left and right lobes of the

prostate thus providing internal controls for contractile

experiments. Ethics approval was obtained from the Monash

University Standing Committee of Animal Ethics in Animal

Experimentation (Ethics no. VCPA 2003/05).

Immunohistochemistry

Tissue preparation. Dissected prostate lobes were placed in a

fixative solution consisting of 4% formaldehyde in phos-

phate-buffered saline (PBS; mM; NaCl 137.0, KCl 3.0, KH2PO4

2.0, Na2HPO4 8.0; pH¼7.4) for 2 h at room temperature.

Tissues were subsequently washed four times for 10 min in

PBS containing 7% sucrose and 0.01% sodium azide and

cryoprotected in this solution for 48 h at 41C. Tissues were

then placed in Tissue TEK (OCT embedding compound) in

plastic moulds, snap frozen using iso-pentane cooled

in liquid nitrogen and stored at �801C. Frozen 12 mM tissue

sections were cut using a Leica CM1850 cryostat at �201C

and thawed onto gelatin-coated slides. Slide-mounted sec-

tions were allowed to air dry for 1 h.

Single labelling. Slide-mounted sections were incubated for

18–20 h in a moist chamber at room temperature with a

rabbit polyclonal antibody (1:200) targeting the CB1 or CB2

receptor (Cayman, Ann Arbor, MI, USA). A PBS medium

containing 0.1% w/v sodium azide, 0.01% w/v bovine serum

albumin, 0.1% w/v lysine and 0.1% v/v Triton was used for

all antibody dilutions. Tissue sections were subsequently

washed in PBS four times for 10 min and incubated with

fluoroscein isothiocyanate (FITC) tagged anti-rabbit second-

ary antibody (Vector, Burlingame, CA, USA) for 1 h at room

temperature. Slides were again washed in PBS four times for

10 min and then a coverslip was applied using the fluores-

cence preserving mounting medium, Vectashield (Vector). In

all studies, background levels of fluorescence were deter-

mined by comparison with negative controls that excluded

the primary antibody from the diluting medium. Sections

were viewed with an Olympus BX60 fluorescence micro-

scope fitted with an Olympus U-MWB filter cube. Immuno-

fluorescent micrographs were taken using a SPOT RT230

Slider Digital Camera and processed using SPOT RT software

v3.1 run on a Compaq personal computer.

Double labelling. Double labelling techniques were used to

compare immunopositive staining with other structures in

the rat prostate. Prostate sections were immunoprocessed by

simultaneously incubating sections with the rabbit poly-

clonal antibody for the CB1 receptor (Cayman; 1:200) and

a mouse monoclonal antibody for smooth muscle actin

(DAKO; 1:250) for 18–20 h. Slides were then washed in PBS

four times for 10 min.

A secondary simultaneous incubation period of 1 h was

performed at room temperature with FITC-conjugated anti-

rabbit immunoglobulin (Vector; 1:250) and Texas Red-

conjugated anti-mouse immunoglobulin (Vector; 1:200).

Sections were again washed with PBS four times at 10 min

intervals and a coverslip applied using Vectashield (Vector).

Immunoreactivity was visualized using an Olympus BX60

fluorescence microscope fitted with an Olympus U-MWB

filter cube to visualize the immunofluorescent FITC tag

and an Olympus U-MWIY filter cube to visualize the Texas

Red staining. Immunofluorescent micrographs were taken

using a SPOT RT230 Slider Digital Camera and processed

using SPOT RT software v3.1 run on a Compaq personal

computer.

Isolated organ bath studies

Organ bath setup. The connecting fascia of the rat prostate

was bisected to provide left and right paired lobe prepara-

tions. Immediately following excision, prostates were placed

into a Petri dish containing Krebs–Henseleit solution (mM:

NaCl 118.1, KCl 4.69, KH2PO4 1.2, NaHCO3 25.0, glucose

11.7, MgSO4 0.5, CaCl2 2.5; pH¼7.4) and the surrounding

prostatic capsule along with excess fatty tissue was dissected
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away to facilitate drug distribution throughout the tissue.

Prostates were mounted between two platinum electrodes

embedded in a perspex tissue holder. One end of the prostate

was attached to a static platinum hook embedded in the

tissue holder which was subsequently suspended in a 10 ml

jacketed organ bath filled with Krebs–Henseleit solution

maintained at 371C and bubbled with 95% O2:5% CO2. The

other end of the prostate was attached to an isometric Grass

FTO3 force transducer, which measured the force displace-

ment caused by tissue contractility. A PowerLab data

acquisition system transmitted information provided by

the force transducer for recording on a Power Macintosh

5500/225 computer.

During the course of the experiment, preparations were

maintained at a resting tension of 0.5–0.8 g. Tissues were

initially equilibrated for a 60 min period where nerve

terminals were stimulated by a Grass S88 stimulator via the

parallel platinum electrodes incorporated in the perspex

tissue holders. Electrical field stimulation parameters during

equilibration were set to deliver repeated pulses of 0.5 ms

duration, 60 V at 0.01 Hz over the 60 min period. The bath

solution was replaced every 15 min during the equilibration

period and as needed during experiments to avoid any

sporadic disturbances caused by frothing from tissue secre-

tions. All experiments were undertaken with a contralateral

internal control where one tissue was treated with a blocking

drug and the other with vehicle.

Concentration–response curves. Concentration–response curves

were constructed to test the effect of the CB receptor

agonist, WIN 55,212-2, in the rat prostate, on electrical field

stimulation-induced contractions (parameters: 0.5 ms dura-

tion, 60 V, 10 Hz. Tissues were electrically stimulated with 2 s

trains once every minute). Discrete additions of increasing

concentrations (10 nM–10mM) of WIN 55,212-2 were added

to baths at half log unit increments. The mean of four

contractile responses was taken from tissues at the end of a

10 min exposure and compared to contractile responses

taken at the beginning of the experiment before the addition

of the first concentration of agonist. Tissues were subse-

quently washed with four to five times the bath volume, and

the next concentration was added after a further 10 min.

Receptor antagonists and enzyme inhibitors were added at

the beginning of the incubation period, so that they were in

contact with the isolated prostates for at least 60 min before

the beginning of the concentration–response curves. All

concentration–response curves were run in parallel with

contralateral vehicle controls. Antagonists, inhibitors and

vehicles were replaced after washes to maintain tissue

contact for the duration of the experiment. The antagonists

SR141716 (1mM) and LY320135 (1mM) were used to block CB1

receptors and SR144528 (1 mM) was used to block CB2

receptors. Concentrations used are at least five times greater

than the published Ki values (Alexander et al., 2006) at these

receptors. The enzyme inhibitors used were No-nitro-L-

arginine methyl ester hydrochloride (L-NAME) (0.1–1 mM)

and indomethacin (0.1 mM). We routinely use these concen-

trations in our laboratory to block nitric oxide synthase and

cyclooxygenase, respectively.

In a subset of experiments, isolated prostates were not

stimulated and the effect of WIN 55,212-2 (1 or 10 mM) was

tested on contractions mediated by exogenously adminis-

tered noradrenaline (1 mM). Vehicle or WIN 55,212-2 (1 or

10 mM) was administered 10 min before noradrenaline (1 mM).

Noradrenaline (1mM) was administered at 10 min intervals.

Analysis of data. All measurements taken from experiments

were of peak contractile force (g). Results from experiments

were expressed as a percentage of initial contractile force

taken before the addition of the first concentration of

cannabinoid and subsequently analysed with repeated

measures two-way analysis of variance (ANOVA) using

GraphPad Prism 4.0. The interaction between concentration

and treatment was used to evaluate statistical significance.

Control responses in the absence or presence of blocking

drugs before the addition of WIN 55,212-2 or prostaglandin

E2 were compared using Student’s paired t-tests. In all cases,

values of Po0.05 were considered significant.

Drugs. Drugs used were indomethacin (from Sigma-

Aldrich), L-NAME (from Sigma-Aldrich, St Louis, MO, USA),

LY320135 (6-methoxy-2-(methoxyphenyl)benzo[b][thien-3-

yl][4-cyanophenyl]methanone; generous gift from Eli Lilly,

Indianapolis, USA), Prostaglandin E2 (from Sigma-Aldrich),

SR141716 (N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichloro-

phenyl)-4-methyl-3-pyrazolecarboxa-mide); generous gift

from Sanofi-Synthélabo Recherche, Montepellier, France),

SR144528 (N-[1S)-endo-1,3,3-triemthyl bicyclo [2.2.1] hep-

tan-2-yl]-5-(4-chloro-3-methylphenyl)-1-(4-methylbenzyl)-

pyrazole-3-carboxamide; generous gift from Sanofi-Synthé-

labo Recherche, Montpellier, France), WIN 55,212-2 ((R)-

(þ )-[2,3-dihydro-5-methyl-3[(4-morpholinyl)methyl]pyro-

lol[1,2,3-de]-1,4-benzoxazinyl]-(1-napthalenyl)methanone

mesylate; from Sigma-Aldrich). LY320135, SR141716,

SR144528 and WIN 55,212-2 were dissolved using DMSO.

Indomethacin was dissolved using ethanol. L-NAME and

prostaglandin E2 were dissolved using distilled water. All

dilutions to the required concentrations were made in

distilled water. The maximum volume of vehicle or drug

added to the 10 ml organ baths was 100 ml.

Results

Immunofluorescence

When the primary antibody was excluded from the diluting

medium for the purpose of all negative controls no

immunoreactivity was observed (Figure 1c). Similarly, no

immunoreactivity for the CB2 receptor was seen in either the

prostatic epithelium or the fibromuscular stroma (Figure 1b).

CB1 receptor immunoreactivity was observed throughout

the prostatic epithelium and the most intense staining

appeared to be in the centre of the cells, correlating to the

epithelial nuclei, and to a lesser extent in the region of the

basal membrane (Figure 1a). Double-labelled sections of

tissue stained for both the CB1 receptor (Figure 2a) and

smooth muscle actin (Figure 2b), confirming that the CB1
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receptor was not expressed within the smooth muscle layer,

but in the epithelial layer surrounding the prostatic acini.

Isolated organ bath studies

Responses to electrical field stimulation (0.5 ms, 60 V, 10 Hz)

were inhibited by the synthetic cannabinoid WIN 55,212-2

(10 nM–10mM) in a concentration-dependent manner

(Figure 3a; Po0.001, n¼6). Inhibition was blocked by the

CB1 selective antagonists SR141716 (1 mM, Po0.001, n¼6)

and LY320135 (1 mM, P¼0.002, n¼6) (Figure 3b and c,

respectively). The CB2 selective antagonist SR144528 (1 mM)

had no effect on the WIN55,212-2-mediated inhibition

(Figure 3d; P¼0.824, n¼6).

Incubation with the CB1 selective antagonists, SR141716

(1mM) and LY320135 (1 mM), had no significant effect on

mean control responses to electrical field stimulation

(P¼0.460 and 0.802, respectively) (Figure 3b and c, respec-

tively; n¼6). Incubation with the CB2 selective antagonist,

SR144528 (1 mM), increased mean control responses to

electrical field stimulation (Figure 3d; P¼0.015, n¼6).

WIN 55,212-2 (0.1, 1 or 10 mM) had no significant effect

on contractile responses mediated by exogenously added

noradrenaline (1 mM) (Figure 4; P¼0.425, n¼6).

The nitric oxide synthase inhibitor L-NAME had no effect

on control electrical field stimulated contractions (Figure 5;

P¼0.409, n¼6). L-NAME had no significant effect on the

WIN 55,212-2-mediated inhibition at a concentration of

0.1 mM (figure not shown; P¼0.710, n¼6) or 1 mM (Figure 5;

P¼0.996, n¼6). Indomethacin on the other hand blocked

the inhibitory response seen with increasing concentrations

of WIN 55,212-2 (Figure 6; P¼0.041, n¼ 6). Indomethacin

had no effect on control contractions to electrical field

stimulation (Figure 6; P¼0.975, n¼6). Prostaglandin E2

(10 nM–10 mM) caused a concentration-dependent inhibition

of the contractions in response to electrical field stimulation

(Figure 7; Po0.001, n¼ 6), which was similar in quality and

magnitude to that produced by WIN 55,212-2.
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Figure 1 Immunofluorescent photomicrographs of fixed, frozen
12mm sections of rat prostate. (a) Tissue incubated with antibodies
for the CB1 receptor. (b) Tissue incubated with antibodies for the
CB2 receptor. (c) Negative control incubated without primary
antibodies present. White arrows indicate positive staining, E
(epithelial layer) and S (stromal layer). Calibration bars indicate
100 mm.
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Figure 2 Immunofluorescent photomicrographs of fixed, frozen
12mm section of rat prostate double labelling with: antibodies for
the CB1 receptor (a) and antibodies for smooth muscle a-actin (b).
White arrows indicate positive staining, E (epithelial layer) and
S (stromal layer). Calibration bars indicate 50 mm.
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Discussion

Using immunohistochemical techniques, we have demon-

strated the presence of the CB1, but not the CB2 receptor in
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Figure 3 Mean inhibitory log concentration–response curves for
WIN 55,212-2 in the presence and absence of any agonist or
antagonist (a), in the presence and absence of the CB1 receptor
antagonists SR 141716 (1mM) (b) and LY 320135 (1 mM) (c), and in
the presence and absence of the CB2 receptor antagonist SR 144528
(1 mM) (d). Effects were measured on electrical field stimulated
(10 Hz, 0.5 ms, 60 V for 2 s per minute) contractile responses of the
rat prostate. Data points are the mean and vertical lines show s.e.m.
of six experiments. P-values are for the concentration-treatment
interaction of repeated-measures two-way ANOVA. Histogram
columns represent the mean control force developed from contrac-
tile responses to electrical field stimulation in control and treated
tissues. Bars represent s.e.m. *Significantly different from control,
Po0.05 using Student’s paired t-test.
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Figure 4 Mean contractile responses to exogenous noradrenaline
(1mM) in the rat prostate in the absence and presence of WIN
55,212-2 (0.1, 1 and 10mM). Data points are the mean and vertical
lines show s.e.m. of six experiments. P-values are for the concentra-
tion-treatment interaction of repeated-measures two-way ANOVA.
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Figure 5 Mean inhibitory log concentration–response curves to
WIN 55,212-2 on electrical field stimulation (10 Hz, 0.5 ms, 60 V for
2 s per minute) induced contractile responses of the rat prostate
in the absence and presence of the nitric oxide synthase inhibitor
L-NAME (1 mM). Data points are the mean and vertical lines show
s.e.m. of six experiments. P-values are for the concentration-
treatment interaction of repeated-measures two-way ANOVA.
Histogram columns represent the mean control force developed
from contractile responses to electrical field stimulation in control
and treated tissues. Bars represent s.e.m.
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Figure 6 Mean inhibitory log concentration–response curves to
WIN 55,212-2 on electrical field stimulation (10 Hz, 0.5 ms, 60 V for
2 s per minute)-induced contractile responses of the rat prostate in
the absence and presence of the cyclooxygenase inhibitor indo-
methacin (0.1 mM). Data points are the mean and vertical lines
show s.e.m. of six experiments. P-values are for the concentration-
treatment interaction of repeated-measures two-way ANOVA.
Histogram columns represent the mean control force developed
from contractile responses to electrical field stimulation in control
and treated tissues. Bars represent s.e.m.
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epithelial cells lining the secretory acini of the rat prostate.

This is consistent with previous research using human

prostate to display CB1 receptor expression in epithelial cells

(Ruiz-Llorente et al., 2003). Staining in this study was

primarily concentrated in the region of the epithelial nuclei

and to a lesser extent the basal region of the epithelial cells.

The morphological location of cannabinoid receptors in

epithelial but not stromal cells would indicate a role in

regulating secretion rather than contraction.

Previous studies in our laboratory have shown that the

electrical field stimulation parameters used elicit contrac-

tions of the rat prostate which are predominantly neuronal

and sympathetic in nature since they are attenuated by

tetrodotoxin and guanethidine (Ventura et al., 2003). These

contractions have also been shown to be mediated by

cotransmission of noradrenaline and ATP (Ventura et al.,

2003). As yet the effect of electrical stimulation on the

release of epithelial mediators is unknown, but there is a

tetrodotoxin-resistant component of electrical field stimula-

tion-induced contractions using these parameters (Ventura

et al., 2003). The synthetic cannabinoid, WIN 55,212-2, was

chosen for use in functional experiments due to its high

affinity for both cannabinoid receptor subtypes and high

intrinsic activity as a full agonist (Pertwee, 1997; Howlett

et al., 2002). Functional experiments revealed that WIN

55,212-2 caused a concentration-dependent inhibition of

nerve-mediated responses in prostatic smooth muscle, which

was reversed by selective antagonists for the CB1, but not the

CB2 receptor. This indicates that the observed contractile

inhibition is through CB1 receptor activation. The maximal

inhibition seen with WIN 55,212-2 in the prostatic tissue was

approximately 30% and was obtained at high concentra-

tions, which may reflect the fact that it is harder to see an

inhibitory effect on isolated tissues with high frequency

stimulation rather than single pulses or due to the indirect

route of cannabinoid influence on the prostatic smooth

muscle.

The lack of any effect of the CB1 selective antagonists on

field stimulation-induced responses suggests there is no basal

endogenous cannabinoid release. This is in contrast to

previous research done in the rat vas deferens where

SR141716 increased the amplitude of electrically stimulated

contractions (Christopoulos et al., 2001). The increase in the

electrical field stimulated response following incubation

with the selective CB2 receptor antagonist, SR144528, was

unexpected considering that exogenous cannabinoids are

unable to influence the contractile response via CB2

receptors.

The histological localization of the CB1 receptor in

epithelial cells implies that inhibition is not through

prejunctional nerve terminals, as seen in the rat vas deferens,

mouse urinary bladder and the guinea-pig ileum (Pertwee

and Fernando, 1996; Izzo et al., 1998; Christopoulos et al.,

2001). However, functional experiments indicate that WIN

55,212-2 does not alter noradrenaline-induced responses,

implying that cannabinoids are not acting postjunctionally

on smooth muscle. The mechanism of action of WIN 55,212-

2 appears to be through activation of CB1 receptors on

epithelial cells to release an inhibitory signalling molecule

that is able to inhibit electrical field stimulation-induced

smooth muscle contractility by acting on prejunctional

nerve endings.

Cannabinoid activation of endothelial CB1 receptors has

been shown to cause release of nitric oxide in regions of

vascular tissue in the kidney to cause vasodilatation

(Deutsch et al., 1997). However, in contrast to this, WIN

55,212-2-mediated inhibition of prostatic contractions was

not affected by the nitric oxide synthase inhibitor L-NAME.

Endogenous cannabinoids have also been shown to activate

TRPV1 receptors, found on sensory nerves, to mediate

inhibition of electrically evoked contractions in the rat vas

deferens (Ross et al., 2001). Calcitonin gene-related peptide

has also been shown to be present in nerves (presumably

sensory) innervating the rat prostate and to inhibit prostatic

contractions (Ventura et al., 2000). Therefore, stimulation

of TRPV1 receptors in rat prostate may conceivably also

produce inhibition of rat prostatic contractions. However in

this study, the chosen cannabinoid agonist WIN 55,212-2

lacks efficacy at the TRPV1 receptor avoiding conflicting

results which may result using an endogenous cannabinoid

such as anandamide (Zygmunt et al., 1999; Smart et al., 2000;

Ross et al., 2001). Indomethacin on the other hand reversed

the inhibitory effect of WIN 55,212-2, suggesting that CB1

receptor stimulation positively influences cyclooxygenase

within the prostate. Human levels of cyclooxygenase mRNA

are found to be highest in the prostate, and both the COX-1

and COX-2 isoforms are expressed (O’Neill and Ford-

Hutchinson, 1993; Kirschenbaum et al., 2000). Furthermore,

cannabinoids have previously been linked to increased

prostaglandin E2 production in cell cultured fibroblasts

derived from lung tissue (Burstein et al., 1982), so it is

distinctly possible that CB1 receptor stimulation mediates

inhibition in the rat prostate by increasing the synthesis

of prostaglandin E2.

The possibility that the CB1 receptor is linked to the

cyclooxygenase pathway needs to be explored further,

including the effect of any molecular products. Preliminary

evidence as seen in this study shows that prostaglandin E2 is

able to inhibit electrically stimulated contractile responses in

a concentration-dependent manner similar in magnitude to
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Figure 7 Mean inhibitory log concentration–response curves to
PGE2 on electrical field stimulation (10 Hz, 0.5 ms, 60 V for 2 s per
minute)-induced contractile responses of the rat prostate. Data
points are the mean and vertical lines show s.e.m. of six experiments.
P-values are for the concentration-treatment interaction of repeated-
measures two-way ANOVA. Histogram columns represent the mean
control force developed from contractile responses to electrical field
stimulation in control and treated tissues. Bars represent s.e.m.
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WIN 55,212-2. It has been shown that in the prostate

molecular products of the COX pathway cause a contractile

response, which contradicts what was observed in this study

(Kitada and Kumazawa, 1987; Sudoh et al., 1997). However,

in those studies prostaglandins were tested in the absence of

any electrical field stimulation and this could account for the

difference seen in the results.

These results suggest that cannabinoids potentially inhibit

smooth muscle contractions by activating cannabinoid

receptors of the CB1 receptor subtype, found within the

epithelial layer. It has been previously shown that prostatic

stromal and epithelial layers are capable of communicating

through paracrine mediators, as regards cellular proliferation

(Farnsworth, 1999), and it has been suggested that in rabbit

mesenteric artery, cannabinoids can relax smooth muscle

cells by promoting diffusion of an endothelium-derived

hyperpolarizing factor via gap junctions (Chaytor et al.,

1999). However, this is the first study to suggest that

mediators from epithelial cells may influence contractility

of the adjacent stromal smooth muscle cells in the prostate.

A factor which needs to be taken in to consideration while

interpreting these results is that it is possible for electrical

stimulation to cause epithelial secretion, as seen in the dog

prostate gland (Smith et al., 1983). This secretion in response

to electrical stimulation also peaks in the first minute of

stimulation and then subsides (Smith et al., 1983), therefore

certain mediators necessary to influence contractile re-

sponses may get depleted from the epithelial cells. This

may account for the low effect seen with WIN 55,212-2.

In conclusion, WIN 55,212-2 causes inhibition of electrical

field stimulation-induced contractions of the smooth muscle

in the rat prostate, via epithelial CB1 receptors. The

cyclooxygenase pathway appears to be involved, suggesting

that stimulation of CB1 receptors present on prostate

epithelial cells may cause release of a prostaglandin to

produce smooth muscle relaxation.
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