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Abstract

Stemming from the centuries-old and well known

effects of Cannabis on intestinal motility and secre-

tion, research on the role of the endocannabinoid

system in gut function and dysfunction has received

ever increasing attention since the discovery of the

cannabinoid receptors and their endogenous ligands,

the endocannabinoids. In this article, some of the

most recent developments in this field are discussed,

with particular emphasis on new data, most of which

are published in Neurogastroenterology & Motility, on

the potential tonic endocannabinoid control of intes-

tinal motility, the function of cannabinoid type-1

(CB1) receptors in gastric function, visceral pain,

inflammation and sepsis, the emerging role of can-

nabinoid type-2 (CB2) receptors in the gut, and the

pharmacology of endocannabinoid-related molecules

and plant cannabinoids not necessarily acting via

cannabinoid CB1 and CB2 receptors. These novel data

highlight the multi-faceted aspects of endocannabi-

noid function in the GI tract, support the feasibility of

the future therapeutic exploitation of this signaling

system for the treatment of GI disorders, and leave

space for some intriguing new hypotheses on the role

of endocannabinoids in the gut.

Keywords cannabinoid, cannabinoid type-1, can-

nabinoid type-2, endocannabinoid, inflammation,

motility, transient receptor potential vanilloid type-1,

vanilloid.

INTRODUCTION

Apart from being the most widely used recreational

drug in the Western world since the 1960s, Cannabis

has been very popular in Chinese and ayurvedic

traditional medicines for centuries.1 Cannabis prepa-

rations were applied as palliatives to treat a wide array

of health problems, including gastrointestinal (GI)

disorders, and extracts from this plant were still

indicated for diarrhea a century ago, whereas anecdotal

reports exist for their use during dysentery and chol-

era.2,3 Although the medicinal as well as psychoactive

properties of Cannabis were both ascribed, until a few

years ago, to the same major component of this plant,

i.e. ())-D9-tetrahydrocannabinol (THC), we now know

that several other cannabinoids with fewer psychotro-

pic actions, such as, for example, cannabidiol, may

contribute to its pharmacology (reviewed in4) (Fig. 1).

Nevertheless, studies on the molecular mechanism of

action of THC were instrumental in identifying in

vertebrates an endogenous signaling system, known as

the endocannabinoid system (ECS). This system is

active in several tissues, including the GI tract, and

comprises at least two G-protein-coupled receptors, the

cannabinoid CB1 and CB2 receptors, their endogenous

ligands, the endocannabinoids anandamide and

2-arachidonoylglycerol (2-AG) (Fig. 1), and proteins

for the metabolic regulation of endocannabinoid levels

(reviewed in5). It has also become increasingly clear

that endocannabinoids, and anandamide in particular,

can activate non-CB1, non-CB2 receptors, the most

studied of which is the Transient Receptor Potential

Vanilloid type-1 (TRPV1) channel, and that several

other endocannabinoid-like molecules, often exhibit-

ing low affinity for CB1 and CB2 receptors, also occur

in mammals (reviewed in6). Furthermore, we now

know that cannabinoids can interact with proteins of

the ECS and other targets, in particular TRPV1 and

other TRP channels, to the point that many researchers
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now consider these channels as part of the ECS.6

However, the physiological and pathological signifi-

cance of these latter discoveries, particularly in the

gut, has not yet been investigated. In the present

article, we review some of the most recent develop-

ments in the research of the function of the ECS in the

GI tract, with particular emphasis on data published in

the Journal.

CB1 RECEPTORS: FROM MOTILITY TO
PAIN AND INFLAMMATION

A CB1 ‘tone’ controlling intestinal motility:
to be or not to be?

Anatomical and functional evidence suggests the

presence of CB1 receptors in neurons of the myenteric

plexus in a variety of species, including humans.

Activation of prejunctional CB1 receptors reduces

excitatory enteric transmission (mainly cholinergic

transmission) in different regions of the GI tract,

thereby leading to inhibition of motility (reviewed

in7). There has been a debate as to whether, under

physiological conditions, endocannabinoids tonically

activate CB1 receptors to control small intestine and

colon motility. Initial studies had suggested this

possibility based on the observation that: (i) endoc-

annabinoid levels in several districts of the GI tract

are sufficient to constitutively activate CB1 receptors;

(ii) CB1 antagonists increase motility, which parallels

both their stimulation of electrically induced contrac-

tions of the guinea pig ileum in vitro and the finding

of increased motility in CB1 receptor knockout mice;

and (iii) blockade of endocannabinoid catabolism with

selective inhibitors reduces intestinal and colonic

motility.7 Importantly, as shown in a paper published

in the Journal, CB1 antagonists as well as ‘knockout’

of CB1 also modulate other neurophysiological corre-

lates of small intestine propulsion, such as the

ascending neuronal contraction following electrical

field stimulation of the rat ileum.8 The use of this set-

up allowed the measurement of peristaltic activity

and to separate the aboral stimulation site from the

oral one, and led the authors to confirm that endoc-

annabinoids and CB1 receptors are physiologically

involved in the control of small intestine motility by

inhibiting activity at the neuromuscular junction.8,9

Finally, an elegant in vitro study, published again in

the Journal,10 showed how, in primary cultures of

guinea pig myenteric neurons, CB1 receptor antago-

nists increase, and agonists decrease, spontaneous

network activity as well as the number of: (i) synaptic

vesicles being recycled during electrical stimulation;

(ii) synaptophysin-immunopositive release sites; and

(iii) mitochondria transported towards enteric fiber

terminals, which are all specific indicators of prejunc-

tional synaptic activity of myenteric neurons. The

effects of the agonists could also be reproduced with

two inhibitors of anandamide inactivation, thus again

pointing to a constitutive control of myenteric neuron

activity by the ECS.10

The conclusion from studies using cannabinoid

antagonists that endocannabinoids exert tonic modu-

lation of CB1 to inhibit motility was recently ques-

tioned on the basis that these compounds are not

‘neutral’ antagonists, but behave as inverse agonists

in vitro at concentrations not too far from those

corresponding to their Ki’s for CB1 receptors. This

would suggest that the observed stimulation of motil-

ity by these compounds is not the result of their

antagonizing the effects of endocannabinoid levels, but

instead is due to their stabilization of a receptor

conformation that has stronger affinity for the inactive

form of the G-protein. It was argued that such possi-

bility could be investigated using a new generation of

‘neutral’ CB1 antagonists now available,11,12 as these

compounds would produce stimulation of GI transit

only in the presence of endocannabinoid levels suffi-

ciently high to activate CB1 receptors. Indeed, Storr

et al., reported that one such compound, AM4113,

unlike the widely used inverse agonist AM251, was

devoid of any stimulatory activity on electrically

induced contractions of the mouse ileum in vitro,

although, somehow paradoxically, it did enhance upper

intestinal transit, whereas it produced no stimulation

Figure 1 Chemical structures of ())-D9-tetrahydrocannabinol (THC),

())-cannabidiol, anandamide, 2-arachidonoyl-glycerol (2-AG), oleoyle-

thanolamide (OEA) and salvinorin A.
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of whole gut transit.11 The issue of ‘neutral’ vs ‘inverse

agonism’ is tricky and very difficult to investigate

in vivo, and a mathematical model has been proposed

recently according to which all supposedly ‘neutral’

antagonists would exert inverse agonism in vitro

provided that a sufficiently high, but still specific,

concentration is used.13 Nevertheless, a somehow

conservative interpretation of these results is that,

while there might still be a tonic ECS controlling

motility in the upper GI tract, further investigations

are needed for the large intestine, although a study

showed the depressant effect of an inhibitor of endo-

cannabinoid inactivation on colonic propulsion.14

Pancreatitis, irritable bowel syndrome and septic
ileus: is CB1 the ‘bad guy’?

Seminal studies carried out in the mid-2000s (reviewed

in15) showed for the first time that the ECS, both in

terms of endocannabinoid levels and CB1 receptor

expression, is up-regulated with pro-homeostatic and

protective function during several different types of

experimental small intestine and colon inflammation,

and that such up-regulation occurs also in human

inflammatory bowel diseases (IBD). Recent reports (see

below) have highlighted the role that CB2 receptors

may also play in the taming of colonic inflammation

and its consequences on motility, a possibility that,

given the potential central side effects of CB1 receptor

agonists, opens the way to the possible use of non-

psychotropic CB2 agonists for the treatment of IBD,

along with compounds that inhibit endocannabinoid

inactivation. The anti-inflammatory effects of CB1/

CB2 agonists have been recently studied also in the

pancreas, as described in an article published in the

Journal, through experiments carried out both in vitro,

in isolated pancreatic acini, and in vivo, in experimen-

tal pancreatitis in rats.16 The authors showed that the

cannabinoid receptor agonist, WIN55,212-2, inhibits

the release of interleukin-6 (IL-6) and monocyte che-

motactic protein-1 (MCP-1) from acinar cells obtained

from untreated rats, and reduced serum amylase,

pancreatic edema and IL-6 and MCP-1 acinar content

in rats with caerulein-induced pancreatitis, whilst also

improving pancreatic damage in these animals. Inter-

estingly, however, these protective effects were

observed in vivo only when the CB1/CB2 agonist was

given before the inflammatory stimulus, whereas

when WIN55,212-2 was administered afterwards, the

pancreatitis was worsened. While the protective effect

observed with pretreatment was antagonized by a

selective CB2 receptor blocker, the worsening effect

was instead antagonized by a CB1-selective blocker.16

The authors suggested that, in the context of pancrea-

titis in vivo, CB1 activation might concur to oxidative

stress or exert chemoattractant activityon macrophages,

thus contributing to inflammation. An alternative

explanation, however, might lie in the previous obser-

vation that, in the same experimental model of

pancreatitis, TRPV1 channels participate in inflamma-

tion via a sensory mechanism leading to the produc-

tion of pro-inflammatory peptides,17 and the same has

also been reported for TRP channels of ankirin-1 type

(TRPA1) in mice.18 The possibility exists that

WIN55,212-2 might worsen pancreatitis through the

sensitization of TRPV1 either via a direct interaction

with this channel in a complex with TRPA1,19 or,

indirectly, by activating CB1 receptors.20,21

In view of the very efficacious effects of endocann-

abinoid-based drugs in animal models of visceral pain,

the role of the ECS in the control of irritable bowel

syndrome (IBS) has also been proposed (reviewed in22).

This hypothesis is supported by the recent finding of an

association between a polymorphism in the Cnr1 gene

encoding for CB1 receptors and the occurrence of IBS in

the Korean population.23 Two studies published in the

Journal have now addressed this possibility, using

completely different approaches. Yüce et al., investi-

gated the effect of CB1 agonists and antagonists/

inverse agonists on afferent nerve discharges from rat

myenteric neurons stimulated with either serotonin or

bradykinin, two mediators known to activate sensory

GI afferents and participate in visceral sensitivity.24

The results were intriguing and perhaps surprising in

as much as the authors reported different effects of the

agonist WIN55,212-2 (the activity of which on peri-

staltic activity was shown by the same group to be

mostly mediated by CB1 receptors8) depending on the

type of the stimulus, and possibly in a direction

opposite to what expected. While WIN55,212-2

enhanced the effect of serotonin and did not influence

that of bradykinin, the CB1 inverse agonist SR141716A

(rimonabant) reduced the effect of bradykinin without

affecting that of serotonin. Although counterintuitive,

the findings with rimonabant might help to explain

some anti-inflammatory effects observed in vivo with

this compound in mice treated with lipopolysaccharide

(LPS).25 The lack of effect of WIN55,212-2 on bradyki-

nin, and its stimulation of the serotonin effect, instead,

might argue against the possible therapeutic use of CB1

agonists in IBS, although of course studies in more

specific animal models of this disorder should be

carried out before reaching this conclusion. Interest-

ingly, however, in the other study on this issue

published very recently in the Journal, THC failed to

produce any relief of visceral sensitivity after rectal
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distension in both healthy volunteers and IBS

patients.26

Another GI disorder that might be ameliorated by

antagonizing, rather than enhancing, the activity of CB1

is ileus, a pathological state consisting of decreased

intestinal motility following peritonitis, surgery, or

other noxious situations. Mascolo et al., showed that,

in acetic acid-induced ileus in mice, reduced intestinal

motility was accompanied by increased levels of

anandamide compared with control mice, and by over-

expression of CB1 receptors in myenteric nerves.27

Importantly, reduced transit was alleviated by rimona-

bant, but not by a CB2-selective antagonist, and was

worsened by VDM11, a selective inhibitor of ananda-

mide cellular uptake.27 In an article published in the

Journal, Li et al., show that not only CB1, but also CB2

receptors might participate in LPS-induced ileus in rats,

a model of septic ileus.28 In this case, the authors

monitored not only upper intestinal motility but also

spontaneous jejunal myoelectrical activity and IL-6 and

tumor necrosis factor (TNF)-a release, and found that

antagonism not only of CB1, but also of CB2 receptors,

prevented LPS-induced reduction of myoelectrical

activity and of upper GI transit. CB1 and CB2 antago-

nists also tended to reduce the elevation of IL-6 induced

by a low dose of LPS.28 These data indicate that, contrary

to ileus induced by a chemical irritant, also CB2

receptors participate in the etiopathology of septic ileus,

possibly because of their role in inflammation. Further-

more, they also confirm the role of CB2 receptors in

regulating intestinal motility under inflammatory con-

ditions (or perhaps not just [see below]?).

Gastric motility

Although initially neglected, the study of the role of the

ECS in the control of gastric motility has been recently

investigated in several studies, two of which published

in the Journal. The existence of a CB1 tone controlling

gastric emptying was first suggested by data indicating

that: (i) anandamide inhibits this function in a way

counteracted by the CB1 receptor antagonist rimona-

bant, but not by the CB2 receptor antagonist SR144528

or by TRPV1 antagonist 5¢-iodoresiniferatoxin; (ii) inhi-

bition of anandamide degradation by fatty acid amide

hydrolase (FAAH) also reduces gastric emptying in a

way partly reduced by rimonabant; and (iii) rimonabant

per se increases gastric motility.29 Interestingly, the

inhibitory effect on gastric transit by CB1 activation, as

recently investigated by the use of WIN55,212-2 and the

CB1 antagonst AM251, does not undergo tolerance

following chronic stimulation, unlike the inhibition of

upper intestinal or colorectal transit, or the psychotro-

pic effects of chronic CB1 agonism.30 This finding

should open the way to future mechanistic studies

investigating the molecular bases of this lack of toler-

ance, which might be due, for example, to impaired CB1

receptor internalization following repeated stimulation

in the stomach. Furthermore, since delayed gastric

transit may contribute to satiety and emesis, the

authors suggested that the lack of tolerance to inhibi-

tion of gastric motility following chronic administra-

tion with CB1 agonists might reduce the efficacy of

these compounds as anti-anorexiant and anti-emetic

therapies.31 Nevertheless, WIN55,212-2 was recently

shown to inhibit gastric myoelectric function, in terms

of reduction of the frequency of antral pacemaker

activity, both in vehicle- and apomorphine-treated

ferrets.31 Although no CB1 antagonist was used in this

study to ascertain the involvement of CB1 receptors in

the effects of the compound, these data provided further

substantiation to the well-known anti-emetic actions of

CB1 receptor activation (reviewed in32), and in fact

WIN55,212-2 was found by the authors to inhibit also

the apomorphine-induced emetic response.31 On the

other hand, contrary to previous findings obtained in

the ferret using a different pro-emetic stimulus,33 the

authors found that the FAAH inhibitor URB597 did not

reduce retches and vomits induced by the non-selective

dopamine receptor agonist.31

CB2 RECEPTORS: INFLAMMATION AND
BEYOND

The role of the CB2 receptor in the GI tract has been

investigated more recently than that of its cognate

cannabinoid receptor (reviewed in34). It is now clear that

CB2 receptors can become activated by elevated end-

ocannabinoid levels in several types of experimental

colitis, and that mutated mice lacking this receptor are

more sensitive to the inflammatory effects of trinitro-

benzene sulfonic acid.35,36 More recent data, published

in the Journal, suggest a wider role of this receptor than

just the control of gut inflammation. Hillsley et al.,

reported that the CB2-selective agonist, AM1241, is

capable of blocking bradykinin-induced elevation of

mesenteric afferent nerve activity, a neurophysiological

correlate of small intestine sensitivity, monitored

in vivo in the mouse jejunum.37 This inhibitory effect

was fully antagonized by a CB2 antagonist and was

absent in CB2)/) mice. Given the role of bradykinin in

pain and inflammation, this finding was interpreted by

the authors as further confirmation of the analgesic and

anti-inflammatory effects of CB2 agonists during IBD.

However, whilst the observed effect was clearly of

peripheral nature, no experiment was performed in
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order to assess whether AM1241 was acting at the level

of sensory neurons or immune cells.37 The former

possibility should not be excluded since there is evi-

dence, albeit still controversial, that some sensory fibers

involved in pain perception do express CB2 receptors.38

Although it efficaciously counteracts alterations of

intestinal motility during inflammatory conditions,39

activation of CB2 is known not to affect this function in

healthy animals. This is true also for gastric emptying,

although a recent study, published in the Journal,

seems to cast some doubts over this last concept.

Indeed, whilst most reports investigating the selective

CB2 inverse agonist, SR144528, in the context of gastric

emptying found no effect of this compound per se, and

no antagonism of the inhibitory effects of CB1/CB2

agonists, Abalo et al.40 showed that this compound, at a

rather selective dose (1 mg kg)1, i.p.), significantly

potentiates the inhibitory effect of the CB1/CB2

agonist, WIN55,212-2, while exerting a little, and

not-statistically significant, inhibitory effect per se.

SR144528 enhancement of WIN55,212-2-induced inhi-

bition of gastric emptying was so strong to result also in

delayed emptying of the small intestine, cecum and

colon, and it is certainly surprising that such a

phenomenon had never been reported before. However,

the authors reported that another CB2 inverse agonist,

AM630, was not endowed with the same property, thus

leaving open the possibility that SR144528 acts via a

non-CB2-mediated mechanism.40 Alternatively, it is

possible that the use by Abalo and colleagues of

radiographic methods to study GI transit, and of longer

observation periods, unmasked a previously undetected

and intriguing tonic stimulatory function of CB2

receptors on gastric motility, which could be exploited

for the development of new satiety- and weight loss-

inducing drugs from CB2 antagonists. Indeed, CB2)/)

mice are resistant to weight gain following a high fat

diet,41 which in mice also leads to higher levels of the

endocannabinoid 2-AG and lower levels of CB1 receptor

expression in the stomach.29

ENDOCANNABINOID-RELATED
MOLECULES AND
PHYTOCANNABINOIDS: NEW
MECHANISMS AWAITING TO BE
DISCOVERED

The identification of anandamide opened the way to the

finding of several anandamide-like molecules that are

metabolically related to this endocannabinoid but act

mostly via non-CB1 and non-CB2-mediated mecha-

nisms.6 One of the most studied of these compounds is

oleoylethanolamide (OEA) (Fig. 1), an anorexigen medi-

ator acting mostly at peroxisome proliferator-activated

receptor-a (PPAR-a) nuclear receptors and, to some

extent, TRPV1 channels (reviewed in42). Oleoylethan-

olamide was originally reported to inhibit small intes-

tine motility43 in a manner insensitive to a TRPV1

antagonist and only partly attenuated by a CB1 antag-

onist. This effect was shared with other fatty acid

amides with little affinity for cannabinoid, PPAR-a and

TRPV1 antagonists, and suggested to be mediated in

part by inhibition of FAAH through substrate compe-

tition, thus potentially leading to elevated levels of

endocannabinoids in the small intestine.43 A study

recently appeared in the Journal, using different types of

mutated mice in which CB1, CB2, or PPAR-a receptors

are absent, showed the lack of involvement of these

proteins in the effect of OEA, despite the finding of

PPAR-a immunoreactivity in the myenteric plexus of

the stomach, duodenum, jejunum, ileum and distal

colon of the mouse.44 Moreover, a glucagon-like pep-

tide-1 receptor antagonist did not reverse the inhibitory

effect of OEA, which, however, was statistically signif-

icant in this study only at i.p. doses fourfold higher than

those used in the previous study.43,44 Interestingly,

OEA also inhibits gastric transit, again in a manner not

antagonized by cannabinoid, PPAR-a or TRPV1 recep-

tor antagonists, and since the levels of this compound

are increased in the stomach of mice subjected to a

chronic high fat diet, this effect was suggested to be

responsible for the decreased gastric transit observed in

these mice, and perhaps to contribute also to a part of

the satiety-inducing effects of OEA.45

The realization that another cannabinoid constitu-

ent of Cannabis, namely cannabidiol, possess potential

therapeutic properties,4 suggested the thorough phar-

macological exploration of several non-THC cannabi-

noids also in the GI tract. Cannabidiol has very low

affinity for CB1 and CB2 receptors, but was reported to

exert either functional enhancement or counteraction

of CB1-mediated effects, and to inhibit some of the

processes through which endocannabinoids are inacti-

vated, and FAAH in particular.46 This compound was

recently investigated in models of upper intestinal

motility disturbances induced by inflammatory stim-

uli. Thus, cannabidiol reversed croton oil-induced

small intestine hypermotility,47 and worsened LPS-

induced hypomotility.48 While the former effect, based

on experiments with CB1 and FAAH inhibitors, was

suggested to be due to indirect activation of CB1

receptors subsequent to inhibition of FAAH activity,47

the effect on LPS-induced hypomotility was accompa-

nied by reduction of FAAH expression in the small

intestine (which is up-regulated by LPS), and again

antagonized by CB1 receptor blockade.48 Thus, by
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acting as an indirect agonist at CB1 receptors, canna-

bidiol reproduces some of the effects of selective

inhibitors of anandamide hydrolysis or reuptake and

ameliorates small intestine motility whilst worsening

LPS-induced ileus. Interestingly, cannabidiol also pro-

duces anti-inflammatory effects in experimental mod-

els of colitis.49,50 These effects are particularly strong

in the mouse and, however, at least in this species, do

not seem to involve FAAH inhibition.49

Phytocannabinoids have been recently defined as

‘any plant-derived natural product capable of either

directly interacting with cannabinoid receptors or

sharing chemical similarity with cannabinoids, or

both’.51 With this definition in mind, salvinorin A

(SA) (Fig. 1), the major active ingredient of Salvia

divinorum and potent j-opioid receptor (KOR) agonist,

which produces central effects in vivo that are partly

antagonized by CB1 blockers,52 but does not bind with

appreciable affinity to either CB1 or CB2 receptors,53

should not be considered a ‘phytocannabinoid’. Never-

theless, the GI effects produced by this hallucinogenic

compound are antagonized by CB1 inverse agonists.

Capasso et al., showed that SA counteracts croton oil-

induced hypermotility in a manner attenuated by both

KOR and CB1 antagonists,53 whereas Fichna et al.

published the results of a thorough investigation of the

effects of this compound on GI transit in vivo and in

vitro, and on neurogenic ion transport in vitro, in

healthy mice.54 These authors observed that SA

inhibits contractions of the mouse stomach, ileum,

and colon in vitro, and prolongs colonic propulsion and

slows upper GI transit in vivo, without affecting gastric

emptying. It also reduces veratridine-, but not forsko-

lin-, induced epithelial ion transport. The effects of SA

on colonic motility in vitro were mediated by both

KOR and CB1 receptors, as they were inhibited by the

antagonists nor-binaltorphimine and AM251, respec-

tively. Perhaps even more intriguing was the finding

that AM630, a CB2-selective inverse agonist, also

inhibited these effects. However, in the colon in vivo,

SA actions were almost uniquely mediated by KOR.

Finally, the effects of SA on veratridine-mediated

epithelial ion transport were inhibited by both nor-

binaltorphimine and AM630.54 These data, bearing in

mind the lack of affinity of SA for CB1 and CB2

receptors,53 point to the existence of a functional cross-

talk between KOR and cannabinoid receptors. This

possibility is also suggested by the recent finding that

CB1 antagonism attenuates the activation of KOR by a

selective agonist in a GTPcS binding assay, although

SA does not substitute for THC in mice trained to

discriminate this compound.55 It is possible that KOR

and CB1 or CB2 receptors form heterodimers with

pharmacology different from that of the homodimers,

and this could be also a unique way through which

CB2 receptors may participate in upper GI motility and

epithelial ion transport. Alternatively, KOR and CB1 or

CB2 receptors might cross-talk at the level of their

signal transduction cascades, as was recently suggested

for CB1 and d-opioid receptors,56 and previously

reported for CB1 and l-opioid receptors (reviewed in57).

CONCLUSIONS

The reports published in Neurogastroenterology &

Motility and included in this special collection,

together with related studies published in other jour-

nals over the last 2 years, confirm that the ECS and

related emerging signaling systems may play a funda-

mental role in the control of all aspects of GI physi-

ology and pathology. As with pathological states

affecting other vital functions,5 the available data

allow us to predict that strategies that either enhance

or curb the activity of the ECS might be both employed

for future therapies targeting various GI disorders.

Furthermore, the new data discussed in this article

allow for speculations on what could be novel physi-

ological and pathological functions in the GI tract of

the ECS, particularly at the level of CB2 receptors and

TRP channels, and of endocannabinoid-related mole-

cules, while opening the way also to future investiga-

tions on non-THC cannabinoids and plant natural

products that do not necessarily directly modify the

activity of CB1 and CB2 receptors. Future research will

tell us if these ‘gut feelings’ about the ECS will

eventually translate into new knowledge of basic and

clinical importance.
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V et al. Selective lack of tolerance to
delayed gastric emptying after daily
administration of WIN 55,212-2 in
the rat. Neurogastroenterol Motil

2009; 21: 1002–e80.
31 Percie du Sert N, Ho WS, Rudd JA,

Andrews PL. Cannabinoid-induced
reduction in antral pacemaker fre-
quency: a telemetric study in the
ferret. Neurogastroenterol Motil 2010;
22: 1257–66.

32 Cotter J. Efficacy of crude marijuana
and synthetic delta-9-tetrahydrocan-
nabinol as treatment for chemother-
apy-induced nausea and vomiting: a
systematic literature review. Oncol

Nurs Forum 2009; 36: 345–52.
33 Sharkey KA, Cristino L, Oland LD

et al. Arvanil, anandamide and
N-arachidonoyl-dopamine (NADA)
inhibit emesis through cannabinoid
CB1 and vanilloid TRPV1 receptors in
the ferret. Eur J Neurosci 2007; 25:
2773–82.

34 Izzo AA. The cannabinoid CB(2)
receptor: a good friend in the gut.
Neurogastroenterol Motil 2007; 19:
704–8.

35 Storr MA, Keenan CM, Emmerdinger
D et al. Targeting endocannabinoid
degradation protects against experi-
mental colitis in mice: involvement

Volume 23, Number 5, May 2011 Gut feelings about the endocannabinoid system

� 2011 Blackwell Publishing Ltd 397



of CB1 and CB2 receptors. J Mol Med
2008; 86: 925–36.

36 Storr MA, Keenan CM, Zhang H et al.

Activation of the cannabinoid 2
receptor (CB2) protects against exper-
imental colitis. Inflamm Bowel Dis

2009; 15: 1678–85.
37 Hillsley K, McCaul C, Aerssens J et al.

Activation of the cannabinoid 2 (CB2)
receptor inhibits murine mesenteric
afferent nerve activity. Neurogastro-

enterol Motil 2007; 19: 769–77.
38 Anand U, Otto WR, Sanchez-Herrera

D et al. Cannabinoid receptor CB2
localisation and agonist-mediated
inhibition of capsaicin responses in
human sensory neurons. Pain 2008;
138: 667–80.

39 Wright KL, Duncan M, Sharkey KA.
Cannabinoid CB2 receptors in the
gastrointestinal tract: a regulatory
system in states of inflammation. Br J

Pharmacol 2008; 153: 263–70.
40 Abalo R, Cabezos PA, Vera G, Fern-

ández-Pujol R, Martı́n MI. The can-
nabinoid antagonist SR144528
enhances the acute effect of WIN
55,212-2 on gastrointestinal motility
in the rat. Neurogastroenterol Motil

2010; 22: 694–e206.
41 Agudo J, Martin M, Roca C et al.

Deficiency of CB2 cannabinoid
receptor in mice improves insulin
sensitivity but increases food intake
and obesity with age. Diabetologia

2010; 53: 2629–40.
42 Thabuis C, Tissot-Favre D, Bezelgues

JB et al. Biological functions and
metabolism of oleoylethanolamide.
Lipids 2008; 43: 887–94.

43 Capasso R, Matias I, Lutz B et al.

Fatty acid amide hydrolase controls
mouse intestinal motility in vivo.
Gastroenterology 2005; 129: 941–51.

44 Cluny NL, Keenan CM, Lutz B,
Piomelli D, Sharkey KA. The identi-

fication of peroxisome proliferator-
activated receptor alpha-independent
effects of oleoylethanolamide on
intestinal transit in mice. Neurogas-

troenterol Motil 2009; 21: 420–9.
45 Aviello G, Matias I, Capasso R et al.

Inhibitory effect of the anorexic
compound oleoylethanolamide on
gastric emptying in control and over-
weight mice. J Mol Med 2008; 86:
413–22.

46 Bisogno T, Hanus L, De Petrocellis L
et al. Molecular targets for cannabi-
diol and its synthetic analogues:
effect on vanilloid VR1 receptors and
on the cellular uptake and enzymatic
hydrolysis of anandamide. Br J Phar-

macol 2001; 134: 845–52.
47 Capasso R, Borrelli F, Aviello G

et al. Cannabidiol, extracted from
Cannabis sativa, selectively inhib-
its inflammatory hypermotility in
mice. Br J Pharmacol 2008; 154:
1001–8.

48 de Filippis D, Iuvone T, d’amico A
et al. Effect of cannabidiol on sepsis-
induced motility disturbances in
mice: involvement of CB receptors
and fatty acid amide hydrolase. Neu-

rogastroenterol Motil 2008; 20: 919–
27.

49 Borrelli F, Aviello G, Romano B et al.

Cannabidiol, a safe and non-psycho-
tropic ingredient of the marijuana
plant Cannabis sativa, is protective
in a murine model of colitis. J Mol

Med 2009; 87: 1111–21.
50 Jamontt JM, Molleman A, Pertwee

RG, Parsons ME. The effects of delta-
tetrahydrocannabinol and cannabi-
diol alone and in combination on
damage, inflammation and in vitro
motility disturbances in rat colitis.
Br J Pharmacol 2010; 160: 712–23.

51 Gertsch J, Pertwee RG, Di Marzo
V. Phytocannabinoids beyond the

Cannabis plant – do they exist? Br J
Pharmacol 2010; 160: 523–9.

52 Braida D, Capurro V, Zani A et al.

Potential anxiolytic- and antidepres-
sant-like effects of salvinorin A, the
main active ingredient of Salvia

divinorum, in rodents. Br J Pharma-

col 2009; 157: 844–53.
53 Capasso R, Borrelli F, Cascio MG

et al. Inhibitory effect of salvinorin A,
from Salvia divinorum, on ileitis-
induced hypermotility: cross-talk
between kappa-opioid and cannabi-
noid CB(1) receptors. Br J Pharmacol

2008; 155: 681–9.
54 Fichna J, Schicho R, Andrews CN

et al. Salvinorin A inhibits colonic
transit and neurogenic ion transport
in mice by activating kappa-opioid
and cannabinoid receptors. Neuro-

gastroenterol Motil 2009; 21: 1326–
e128.

55 Walentiny DM, Vann RE, Warner JA
et al. Kappa opioid mediation of
cannabinoid effects of the potent
hallucinogen, salvinorin A, in
rodents. Psychopharmacology (Berl)
2010; 210: 275–84.

56 Marini P, Moriello AS, Cristino L,
Palmery M, De Petrocellis L, Di
Marzo V. Cannabinoid CB1 receptor
elevation of intracellular calcium in
neuroblastoma SH-SY5Y cells: inter-
actions with muscarinic and delta-
opioid receptors. Biochim Biophys

Acta 2009; 1793: 1289–303.
57 Parolaro D, Rubino T, Viganò D,
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