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The emerging potential for the cannabinoid (CB) system in modulating gastrointestinal inflammation has gained momentum
over the last few years. Traditional and anecdotal use of marijuana for gastrointestinal disorders, such as diarrhoea and
abdominal cramps is recognized, but the therapeutic benefit of cannabinoids in the 21st century is overshadowed by the
psychoactive problems associated with CB1 receptor activation. However, the presence and function of the CB2 receptor in the
GI tract, whilst not yet well characterized, holds great promise due to its immunomodulatory roles in inflammatory systems
and its lack of psychotropic effects. This review of our current knowledge of CB2 receptors in the gastrointestinal tract
highlights its role in regulating abnormal motility, modulating intestinal inflammation and limiting visceral sensitivity and pain.
CB2 receptors represent a braking system and a pathophysiological mechanism for the resolution of inflammation and many of
its symptoms. CB2 receptor activation therefore represents a very promising therapeutic target in gastrointestinal inflammatory
states where there is immune activation and motility dysfunction.
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Introduction

It has been known for centuries that cannabis and its

derivatives have beneficial effects on various disorders of the

gastrointestinal (GI) tract (Di Carlo and Izzo, 2003). After the

discovery of the two G-protein-coupled cannabinoid (CB)

receptors, the majority of the actions of CB ligands in the gut

were attributed to the activation of CB1 receptors. Notably,

CB1 receptor activation leads to the inhibition of acetyl-

choline release through prejunctional receptors located on

myenteric cholinergic neurones, which ultimately results in

the inhibition of contractility in vitro or an attenuation of

motility in vivo (Pertwee, 2001; Hornby and Prouty, 2004;

Izzo and Coutts, 2005; Massa et al., 2005). Considerable

effort has now established that these receptors are part of the

endocannabinoid system in the GI tract. This consists of the

natural ligands anandamide and 2-arachidonoyl glycerol

(2-AG) and other receptors (Di Marzo et al., 2004), and the

biosynthetic and degradative enzymes necessary for the

formation and inactivation of the endocannabinoids

(Piomelli, 2003; Di Marzo et al., 2004). Little evidence was

found for either the presence or function of CB2 receptors in

the normal gut, though as we shall describe, these receptors

are indeed present and likely have roles to play in the

regulation of GI motility.

The availability of animal models of intestinal inflamma-

tion has led to considerable progress in our understanding

of these conditions, as well as for opportunities to examine

the role of CB receptors. Here, it was found that CB1 receptor

activation reduced GI inflammation in various animal

models (Di Marzo and Izzo, 2006). Recently, a role for CB2

receptors has also emerged after important observations

highlighting increased receptor expression in samples from

patients with inflammatory bowel diseases (IBD; Wright

et al., 2005).

Altered visceral perception and pain are commonly found

in patients with IBD and may persist in those in remission

from this condition (Farrokhyar et al., 2006). Pain is also one
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of the defining features of irritable bowel syndrome and

other functional bowel disorders, which are conditions of

altered bowel function and pain that are not associated with

physical abnormalities of the gut wall (Azpiroz et al., 2007).

Recent evidence has shed light on a role for CB2 receptors

in pain states, particularly inflammatory pain models,

including those originating from the gut. In this paper,

we will focus on the regulatory role of CB2 receptors

in the GI tract, highlighting their importance in

pathophysiology.

Gastrointestinal endocannabinoid system

Cannabinoid receptors (CB1 and CB2), their endogenous

ligands and enzymes for endocannabinoid biosynthesis and

inactivation are the components of the endocannabinoid

system and all have been detected in the GI system.

Functions such as relaxation of the lower oesophageal

sphincter and inhibition of gastric acid secretion, intestinal

motility and fluid secretion have largely been attributed to

the CB1 receptor and have been reviewed elsewhere (Hornby

and Prouty, 2004; Duncan et al., 2005a; Izzo and Coutts,

2005; Massa et al., 2005). The concept that the endocanna-

binoid system in the small intestine and colon becomes

overstimulated during inflammation in both animal models

and human inflammatory disorders has recently been

evaluated (Di Marzo and Izzo, 2006). There is good evidence

that endocannabinoids and CB1 receptors are upregulated

during intestinal inflammation (Izzo et al., 2001; D’Argenio

et al., 2006) and that enhanced endocannabinoid produc-

tion, acting mostly through CB1 receptors, can protect

against both epithelial damage (Wright et al., 2005)

and increased motility during intestinal inflammation (Izzo

et al., 2003; Massa et al., 2004). In addition, increased

endocannabinoids have also been reported in diverticular

and coeliac disease (Guagnini et al., 2006; D’Argenio et al.,

2007).

CB2 receptor distribution in the GI tract

Messenger RNA for the CB2 receptor has been isolated from

full-wall thickness preparations of rat oesophagus and

stomach (Storr et al., 2002) and the guinea-pig ileum (Griffin

et al., 1997). Storr et al. (2002) were also able to identify CB2

receptor mRNA expression in dissected preparations of the

rat ileum containing only longitudinal muscle with the

adherent myenteric plexus (LMMP). Using a similar prepara-

tion from the guinea-pig, Griffin et al. (1997) were unable to

detect CB2 mRNA. This may reflect a species difference, but it

may also be due to tissue preparation, since these authors

reported only a faint band for CB1 receptor in their LMMP

preparations, that are known to express high levels of this

receptor. Interestingly, Storr et al. (2002) were unable to

detect CB2 mRNA in mucosal samples of the rat ileum. Given

the abundance of immune cells in the normal gut, and the

well-described presence of CB2 receptor on these cells (Cabral

and Staab, 2005; Klein, 2005; Lunn et al., 2006), this result

again needs to be interpreted cautiously. Further studies are

warranted to examine which cells in the normal gut express

CB2 receptor mRNA.

Antibodies to CB2 receptor have been used to examine the

distribution of protein in the human GI tract. In humans,

CB2 receptors are either absent or weakly expressed in

intestinal epithelium (Figure 1), but are evident in the apical

membranes at ulcerative margins in IBD (Wright et al., 2005;

Figure 1). In addition, immune cells in the lamina propria

that are CB2 immunoreactive include plasma cells and

activated macrophages (Wright et al., 2005). Human colonic

epithelial cell lines derived from colorectal tumours, such as

HT29, Caco2 and DLD-1, all also express CB2 receptors

(Ihenetu et al., 2003; Ligresti et al., 2003). The functional

relevance of this observation is not known; suffice to say that

patients with chronic intestinal inflammation have an

increased risk of developing bowel cancers (Lu et al., 2006;

see below). Recently, CB2 receptor expression has been

observed in the enteric nervous system in rodents (Duncan

et al., 2005b), and we show here that it is present on enteric

Figure 1 Immunohistochemical analysis of CB2 receptor protein in human ileum. Archival tissue sections were retrieved from files at the Royal
United Hospital (Bath, UK) with the approval of the Bath Local Research Ethics Committee (RUH Bath NHS Trust, UK). Tissue blocks were fixed
in 4% (w/v) formaldehyde and embedded in paraffin. Sections were stained with a primary rabbit polyclonal anti-human CB2 antibody
(Cayman Chemicals Co., Boldon, Tyne and Wear, Newcastle UK) using standard immunohistochemical techniques (Wright et al., 2005).
Brown staining indicates CB2 immunoreactivity. (a) Dense CB2 immunoreactivity was found in the luminal membrane at the ulcerative margin
in active Crohn’s disease (right-hand side, red arrow) with weak cytoplasmic staining in the non-involved epithelium (left-hand side, blue
arrow). Bar¼30mm. Enteric ganglia in the (b) myenteric plexus and the (c) submucosal plexus in normal tissue were moderately CB2 positive.
Results are representative of the staining pattern noted in the assessment of 21 separate patient samples. This is the first illustration of CB2
receptor immunoreactivity in the human enteric nervous system. Unpublished data, used with kind permission from Dr Leigh Biddlestone,
Rachel Seymour and Dr Karen Wright (Bath, UK). Bar¼10mm. CB, cannabinoid.
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neurons of the human ileum (Figure 1). Further studies

exploring this in detail are underway.

CB2 receptors and GI motility

Functional evidence in support of a role for CB2 receptors in

the control of GI motility in normal animals is quite limited.

In early studies, it was suggested that there may be a second

(peripheral) CB receptor in the gut based on cross-tolerance

studies (Fride, 1995). In support of this observation, Hanus

et al. (1999) demonstrated that the CB2-selective receptor

agonist HU-308 reduced defecation in mice under acute

stress by being placed in a new environment. The effect of

HU-308 was only partially (and not significantly) reversed by

the CB2-selective receptor antagonist SR144528. While these

data are consistent with an action on motility, stress plays a

role in faecal pellet output, as does visceral sensation; hence,

it is possible that this compound was not acting directly

on the motor systems of the gut itself, but indirectly by

interaction with other systems. In contrast to the action of

HU-308, the CB2-selective receptor agonists JWH-133 had no

effect on intestinal transit in normal rats (Mathison et al.,

2004) and JWH-015 had no effect on colonic propulsion in

mice (Pinto et al., 2002). Consistent with these data are the

findings that SR144528 was unable to reverse the inhibitory

action of the long-lasting anandamide analogue, methanan-

damide in mouse colon in vivo (Pinto et al., 2002) and

likewise, the CB2-selective receptor antagonists AM630 or

SR144528 were unable to reverse the effects of the non-

selective CB agonist WIN 55,212-2 on intestinal transit in

rats (Izzo et al., 1999). When administered alone neither CB2

receptor antagonist had effects on intestinal transit, which is

in contrast to the actions of CB1 receptor antagonists where

motility is enhanced (Izzo et al., 1999; Mathison et al., 2004;

Duncan et al., 2005a, b). Similarly, when assessed in vitro,

several parameters of peristalsis elicited by fluid distension in

the guinea-pig ileum were unaffected by SR144528 (Izzo

et al., 2000). In contrast to the actions in the small and large

intestine, AM630 appears to have an action in the rat

stomach (Storr et al., 2002). Here, it was shown that AM630

alone potentiated the electrically stimulated, non-adrenergic,

non-cholinergic relaxations of the rat fundus in vitro, as well

as reversing the actions of anandamide, though curiously

not WIN 55,212-2 (Storr et al., 2002). Coupled with the fact

that these authors demonstrated CB2 receptor expression in

these tissues, it points to a potential role for CB2 receptors in

gastric motility that needs to be explored further. It should

be pointed out that the selectivity of AM630 for CB2 versus

CB1 receptors is not as great as that for SR144528 (Ross et al.,

1999). Whether this has any bearing on the results presented

by Storr et al. (2002) is not clear, but should be borne in mind

when considering these data.

Intraperitoneal injection of bacterial cell wall lipopoly-

saccharide (LPS) at low doses causes an increased rate of GI

transit in rats (Mathison et al., 2004). This increased transit

was normalized by the CB2-selective receptor agonist JWH-

133 but not by the CB1-selective receptor agonist arachidonyl-

2-chloroethylamide (ACEA), which surprisingly had no

effect in LPS-treated animals. The effect of JWH-133 was

reversed by AM630, which alone had no effect, suggesting

that there was not constitutive activation of the CB2 receptor

in this model or that LPS does not elevate endocannabinoids

that act at CB2 receptors. The mechanism of action of the

CB2-selective agonist was evaluated in these studies. Here, it

was shown to involve intact cyclooxygenase pathways, since

the actions of JWH-133 were reversed by indomethacin

(Mathison et al., 2004). These data are consistent with an

action on immune cells that are activated by LPS, or

potentially on the expression of CB2 receptors in the enteric

nervous system after LPS treatment. Currently, these possi-

bilities are under investigation. Preliminary data support the

expression of CB2 receptors in the enteric nervous system

(Duncan et al., 2005b; Figure 1).

In other inflammatory models of altered motility, the

involvement of CB2 receptors has not been demonstrated.

Administration of croton-oil causes a chronic ileitis asso-

ciated with hypermotility (Izzo et al., 2001). Here, the CB2-

selective receptor antagonist SR144528 alone had no effect

on motility and failed to reverse the inhibitory effects of the

CB agonist CP55,940. To date, the effects of CB2-selective

agonists have not been examined in this model. Similarly, in

acetic acid-induced ileus, SR144528 was inactive at reversing

the delayed intestinal transit and JWH-015 was unable to

counteract the actions of rimonabant (SR141716A), which

increases transit in this model (Mascolo et al., 2002). Thus at

this point, it seems that there may a role for CB2 receptors in

the control of GI motility, but only in some regions of the

gut or under some specific pathophysiological states. Further

studies are required to explore these potentially interesting

observations and to examine additional roles for the CB2

receptor in GI pathophysiology.

Intestinal immune system and IBD

The GI tract has the most extensive immune system of the

body consisting of both lymphoid and granulocyte popula-

tions and numerous secreted factors that contribute to

homeostasis and host defence. In patients with IBD (Crohn’s

disease and ulcerative colitis), the intestinal immune system

becomes unbalanced and inappropriately responds to com-

mensal bacteria and/or other luminal antigens. Initially,

increased epithelial permeability, either through tight junc-

tion disruption or enteric neuronal or glial dysfunction,

gives rise to a leaky intestinal barrier, which allows access to

the underlying mucosal tissue (Baumgart and Carding,

2007). Functionally, this is represented by a change from

immune tolerance to immune activation causing T and B

lymphocytes to differentiate and proliferate. During active

IBD, the proinflammatory cytokines secreted by activated

effector T cells stimulate macrophages to secrete further

proinflammatory cytokines. These events initiate a cascade

of inflammatory events, which results in the arrival of

numerous leukocytes from the mucosal and submucosal

vasculature and further chemo- and cytokine release. This

leads to further infiltration of inflammatory cells and a cycle

of inflammation ensues that requires treatment to suppress

the immune activation. Tissue damage results from the

release of numerous noxious mediators.
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Interaction of the immune and nervous system occurs

through a network of communication between enteric

neurons, enteric glia and intestinal epithelial cells and/or

cytokine signalling with neurotransmitters. These interac-

tions play a part in the induction and amplification of the

inflammation, motility disturbances and pain (Baumgart

and Carding, 2007). As noted above, CB1 receptors have been

implicated as beneficial in experimental IBD and endo-

cannabinoid levels in the gut are altered in IBD (Massa et al.,

2004; D’Argenio et al., 2006). The role of CB2 receptors has

not been fully explored in IBD, but observations of increased

CB2 receptor expression on intestinal epithelium in IBD

(Wright et al., 2005; Figure 1), as well as the presence of CB2

receptor on immune cells in the gut, points to a regulatory

role in this system. The functional relevance of the increased

CB2 receptor on epithelial cells is still unknown, but could be

linked to barrier function. Importantly, CB2 receptor activa-

tion leads to reduced secretion of proinflammatory cytokines

and a shift away from inflammation (Cabral and Staab, 2005;

Klein, 2005; Lunn et al., 2006). This could have important

roles in IBD and is now being explored experimentally.

Role of CB2 receptors in experimental animal
models of IBD

There are over 20 experimental models of IBD, encompass-

ing gene knockout, transgenic, spontaneous colitis, induci-

ble colitis and adoptive transfer models (Elson et al., 2005).

From these models, it has become clear that the luminal

microbiota (the hundreds of species of commensal microbes

found in the gut lumen) play important roles in initiating

and sustaining inflammation and that other cellular

elements including the intestinal epithelium, the enteric

nervous system and the mucosal immune system of the host

contribute to the initiation, maintenance and ultimately

resolution of experimental inflammation (Elson et al., 2005;

Vasina et al., 2006).

Chemically induced colitis using dextran sulphate sodium

(DSS) to initiate inflammation is characterized by bloody

diarrhoea, weight loss, shortening of the colon, neutrophil

infiltration and epithelial changes including fibrosis, crypt

loss, goblet cell hypoplasia and focal ulceration (reviewed by

Elson et al., 2005). The CB2-selective receptor agonist JWH-

133, improved microscopic and macroscopic scores of

inflammation when administered prophylactically in DSS

colitis, though it required relatively high doses of the

compound (Kimball et al., 2006) and was somewhat less

effective than treatment with the CB1-selective agonist

ACEA. In this study, it has also been shown that there is an

increase in CB2 receptor expression in the submucosal

infiltrate, but not a dramatic increase in epithelial CB2

receptor expression, which reflects differences between the

animal and human data (Wright et al., 2005).

Oil of mustard (OM)-induced colitis is an acute model of

colitis that has an extensive neurogenic component that

provides support for a neurogenic contribution to IBD

(Kimball et al., 2006). OM-induced colitis is sensitive to

prophylactic administration of a CB2 receptor agonist and,

as with DSS colitis, JWH-133 was less effective than ACEA

(Kimball et al., 2006). In this model, JWH-133 was also tested

therapeutically, after OM-induced colitis was established.

Interestingly, JWH-133 was far more effective at this time

point than when given in advance of the development of

colitis, and the levels of inhibition of the inflammatory

parameters were similar to those obtained with the CB1

receptor agonist, which approached normalization of many

indices. These data may be explained if the action of CB2

receptor agonists is primarily related to an inhibition of

activation of infiltrating immune cells. The specificity of the

action of these compounds was not tested by the use of

antagonists in this study, which will be required in future

work that extends this series of experiments.

Recent information regarding the impact of CB2 agonists

in models of IBD was presented at the Digestive Disease

Week 2007, (DDW, Washington, DC, May 2007). Three

poster presentations utilized different animal models of

colitis to assess the therapeutic potential of CB2 agonists.

JWH-133-treated animals in a trinitrobenzene sulphonic

acid-induced colitis model (TNBS, an acute and chronic

model of colitis with extensive ulceration (Elson et al., 2005),

showed significant, dose-dependent improvement in macro-

scopic score and myeloperoxidase (MPO) levels (Storr et al.,

2007). CB2 receptor activation in the TNBS and DSS models

limited immune cell recruitment, decreased cytokine and

chemokine production and improved macroscopic and

histological scores (Thuru et al., 2007). Both acute (DSS

colitis) and an immune colitis model (Gai2�/� T-cell transfer

model of colitis) were compared for the ability of the CB2-

selective agonist, AM1241, to protect against the develop-

ment of colitis (Ziring and Braun, 2007). Gai2-deficient mice

develop a lethal colitis at 8–12 weeks of age, which is more

severe in the distal colon, resembling human ulcerative

colitis (Rudolph et al., 1995). In this study, it was found that

AM1241 was unable to protect mice from acute DSS colitis,

but was able to protect animals from the immune-mediated

colitis. Ziring et al. (2006) found that mice deficient in CB2

receptor have profound deficiencies in splenic marginal

zone, peritoneal B1a cells, splenic memory CD4þ T cells,

and intestinal natural killer cells and natural killer T cells and

suggest that these findings indicate that CB2-selective

agonists may modulate the development and activity of

immunoregulatory cell subsets and that the endocannabi-

noid system is required for the formation of T- and B-cell

subsets involved in immune homeostasis. If this is the case,

then the promising preliminary results presented recently

may lead to important new therapeutics with value in the

treatment of IBD.

Role of CB2 receptors in the complications of
chronic IBD

Fibrosis

Over one-third of patients with Crohn’s disease will develop

an intestinal stricture, and the great majority of these will

require at least one surgical procedure. Crohn’s disease-

associated fibrosis results from chronic transmural inflam-

mation and a complex interplay among intestinal mesen-

chymal cells, cytokines and local inflammatory cells (reviewed
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by Burke et al., 2007). The fibroblast is the key cell type

mediating stricture formation. The cytoarchitecture of the

bowel wall is altered with disruption of the muscularis

mucosa, thickening of the muscularis propria and deposition

of collagen throughout. The cytokine transforming growth

factor (TGF)-b appears critical in this process, acting to

increase growth factor and extracellular matrix (ECM)

production and dysregulate ECM turnover. Potential ther-

apeutic interventions are likely to concentrate on modulat-

ing downstream targets of TGF-b. It is interesting to note in

this regard that TGF-b has been shown to downregulate CB2

receptors on lymphocytes (Gardner et al., 2002) and that CB2

receptor activity has an antifibrotic role in the liver (Julien

et al., 2005). Whether this mechanism is relevant in

intestinal fibrosis remains to be investigated.

Bowel cancer

Patients with chronic intestinal inflammation have an

increased risk of developing bowel cancers (Itzkowitz and

Yio, 2004; Lu et al., 2006). CB2 receptor mRNA is expressed in

human adenomatous polyps and carcinomas (Ligresti et al.,

2003) and CB2 protein is expressed in human colonic

epithelial cell lines (Ihenetu et al., 2003; Ligresti et al.,

2003; Joseph et al., 2004; Wright et al., 2005; Greenhough

et al., 2007). Endogenous, synthetic and plant CBs have been

shown to have an antiproliferative effect in human colonic

epithelial cell lines through the CB1 receptor (Ligresti et al.,

2003; Greenhough et al., 2007) and cyclooxygenase-2 (Patsos

et al., 2005). Using DLD-1 colorectal cancer cells, Ligresti

et al. (2003) showed that both CB1- and CB2-selective

agonists inhibited proliferation to a similar extent. These

interesting data suggest that CB2 receptor activation may be

beneficial in cancer therapy. The functional relevance of CB2

receptor expression in cell lines with regard to human

cancers in situ is not known, but it is interesting to note that

normal intestinal epithelium expresses very little or no CB2

(Wright et al., 2005). This suggests that increased CB2

expression could be associated with the normal-inflamed-

neoplasia-dysplasia-cancer sequence. This is not a new

concept, in that CB2 receptor expression patterns change

with respect to differentiation states and increased CB2

seems to promote de-differentiation and proliferation, which

may favour increased malignancy (Fernández-Ruiz et al.,

2007). Wound healing at the ulcerative margin in IBD would

require epithelial dedifferentiation and proliferation to

regain barrier integrity and the persistence of this feature

in chronic inflammation might predispose this lineage to

transformation and progression to cancer. Whether CB2

activity has the dual role of intestinal regeneration and

antitumoral action remains to be investigated.

CB2 receptors and visceral sensations

Feelings of discomfort, nausea (that may result in emesis)

and pain are commonly experienced sensory experiences

that arise from the GI tract. Though few studies have

explored the roles of the CB2 receptor in visceral sensation,

there is increasing evidence of their involvement in states of

inflammation or in the regulation of emesis. CB2 receptors

have been implicated in pain processing in various neuro-

pathic and inflammatory states of the skin and somatic

structures. Recently, Sanson et al. (2006) investigated the

involvement of CB receptors in inflammatory hypersensiti-

vity of the colon. They showed that both CB1 and CB2

receptor agonists attenuated the degree of visceral sensitivity

under baseline conditions and that the heightened sensitiv-

ity of colonic inflammation in TNBS colitis was also reversed

by CB1 and CB2 receptor agonists. Interestingly, rimonabant,

but not SR144528, further enhanced visceral sensitivity in

colitis but not under baseline conditions. Though these

results are clear, some caution needs to be exercised in their

interpretation because of the observation that administra-

tion of synthetic THC to humans actually increased visceral

sensitivity (Esfandyari et al., 2007). It must be noted that the

human studies were performed only in normal subjects and

used a low dose of the agonist, but the fact that the opposite

findings were obtained indicates that this system may be

more complex than we currently understand.

The microflora of the gut contribute to homeostasis and to

many aspects of digestive health including visceral sensation

(Verdú et al., 2006; Azpiroz et al., 2007). Probiotic therapy

improves digestive health in some conditions and may

contribute to reductions in visceral sensitivity. Recently, it

was shown that the probiotic agent Lactobacillus acidophilus,

increased CB2 receptors in the epithelium of treated animals

(rats and mice; Rousseaux et al., 2007). Furthermore,

treatment with this agent was correlated with a reduction

in colorectal distension-induced visceromotor responses (a

surrogate of visceral pain) in rats treated with a butyrate

enema to irritate the gut wall. The role of CB2 receptors was

shown when this response was reversed by AM630, but

not an opioid receptor antagonist (Rousseaux et al., 2007).

These exciting new data suggest that CB2 receptors can

be modulated in the gut and, somehow, these contribute to

the restoration of normal visceral sensation in states of

irritation, and as noted above, inflammation. How CB2

receptors on intestinal epithelial cells contribute to an anti-

nociceptive response is not yet clear. One possibility is that

inflammatory mediators released from the epithelium that

activate primary afferent nerves are reduced by CB2 receptor

activation. This is consistent with observations by Ihenetu

et al. (2003), who showed that tumour-necrosis factor

(TNF)a-induced release of interleukin-8 from cultured colonic

epithelial cells was reduced by CB2 receptor agonists.

Whether CB2 receptors in the nervous system also contribute

to these responses is not yet known and remains to be

determined.

Peripheral activation of primary afferent fibres by algesic

chemicals released in the gut is frequently the cause of

visceral pain (Blackshaw et al., 2007). In a pioneering study,

Hillsley et al. (2007) recorded from mesenteric primary

afferent fibres from normal and CB2 receptor-deficient mice.

They showed that bradykinin excited mesenteric afferent

nerves and that this response was reduced in a dose-

dependent manner by the CB2-selective receptor agonist

AM1241, and this effect was reversed by AM630. AM1241

had no significant effect in CB2 receptor-deficient mice.

These studies do not reveal the site of CB2 receptor activation
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that leads to inhibition of neuronal activity or whether it is

upregulated in visceral afferents in injury or inflammation,

but they strongly suggest that the presence of CB2 receptors

(on primary afferent nerves) in the gut may play a role in

limiting the extent of neuronal activation, and hence pain,

in states of inflammation.

Pain associated with pancreatitis is very severe and hard to

treat. Biopsy samples from patients with pancreatitis reveal

increases in the expression of both CB1 and CB2 receptors as

well as increased levels of endocannabinoids (Michalski et al.,

2007). In the same study, using an appropriate animal model

of pancreatitis, pain responses were assessed in response to the

CB agonist HU-210 at a dose that did not have central side

effects associated with high doses of CB1 receptor agonists.

Here, it was shown that either the CB1-selective receptor

antagonist AM251 or the CB2-selective receptor antagonist

AM630 reduced the effect of HU-210 and that the two

antagonists together gave a similar response to either alone. It

is not yet known if a CB2-selective receptor agonist would

reduce pain in this model. These data suggest that both CB

receptors are required for the anti-nociceptive effects of CBs in

pancreatitis and they point out the potential benefit of CB2

receptor activation in visceral as well as somatic pain states,

especially when they are of an inflammatory nature.

Though not painful, emesis is a condition commonly

associated with GI dysfunction, though it is a frequent

symptom of central nervous system disease. CBs have

long been used for the treatment of emesis. There is

very strong evidence for the involvement of the CB1 receptor

in mediating the action of CBs in the brainstem (Izzo

and Coutts, 2005; Storr and Sharkey, 2007). However, the

expression of CB2 receptors in the dorsal vagal complex

suggested that they may also be involved in the regula-

tion of emesis. Van Sickle et al. (2005) showed that

indeed CB2 receptor activation by endocannabinoids

could reduce emesis evoked by a centrally acting emetic

morphine-6-glucuronide. In this case, it seems that

co-activation of CB1 and CB2 receptors were necessary for

the anti-emetic action of endocannabinoids. CB2-selective

receptor agonists alone did not reduce emesis, but

AM630 was able to block the effects of both 2-AG

and VDM11, a drug that raises the levels of 2-AG in the

brainstem by blocking endocannabinoid reuptake. These

studies also showed that activation of both CB receptors

circumvented the unwanted central side effects of CB1

receptor activation alone. Whether CB2 receptors in the

brainstem play a role in the sensation of nausea remains to

be determined.

Figure 2 CB2 receptor expression in the gastrointestinal (GI) tract and its innervation. CB2 receptors are expressed in the enteric nervous
system and on immune cells in the normal gut. During inflammation, there is enhanced expression on epithelial cells at the ulcer margins (red)
and in infiltrating immune cells. CB2 receptor is also expressed on visceral afferent nerves and in the dorsal vagal complex in the brainstem.
Commensal bacteria (yellow) and pathogens (blue) are allowed access to the mucosal and submucosal regions through breaches in the
epithelial barrier during inflammation. The figure is extensively adapted from Furness et al. (1999). CB, cannabinoid.
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Summary and future directions

A model for the GI cannabinoid system in inflammation was

put forward by Kunos and Pacher (2004). In this model, they

outlined the sites within the gut wall and cell types

expressing CB receptors that could be activated leading to

a reduction in the development of intestinal inflammation.

We propose an extension to this model incorporating the

known and putative functions of CB2 receptors in the GI

tract (Figure 2). Commensal bacteria (yellow) and pathogens

(blue) are allowed access to the mucosal and submucosal

regions through breaches in the epithelial barrier. CB2

receptor expression is upregulated at this site and may play

a role in barrier integrity or regenerative processes. Immune

cell activation, cytokine and chemokine production, pro-

liferation and recruitment lead to infiltration of further

immune cell types. The expression of CB2 receptors on a

number of these cell types may serve to downregulate

leukocyte infiltration and inflammation through inhibition

of cytokine and chemokine production, inhibition of

adhesion and migration, and apoptosis of activated immune

cells (Cabral and Staab, 2005; Klein, 2005; Lunn et al., 2006).

Endocannabinoid release during this inflammatory insult

may then lead to activation of CB2 receptors on enteric

neurons of the submucosal and myenteric plexuses, resulting

in inhibition of gut motility that may be enhanced during

inflammation. CB2 activation of primary afferent nerves

reduces visceral sensitivity, relieving pain and central

activation of CB2 receptors, together with CB1 receptors,

reduces emesis.

As indicated throughout this review, there are substantial

areas where we have little or no knowledge of the CB2

receptor in the GI tract. These include further knowledge of

the sites of receptor expression in normal animals and in

disease states, the regulation of the CB2 receptor in the gut

and the full consequences of CB2 receptor activation.

However, based on what we know so far, it is clear that

CB2 receptors represent a braking system and a patho-

physiological mechanism for the resolution of inflammation

and its many symptoms. CB2 receptor activation therefore

represents a very promising therapeutic target in GI

inflammatory states where there is immune activation and

motility dysfunction.
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