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Abstract

The objective of this article is to increase the awareness of gastroenterologists to the effects of
cannabinoids on gastrointestinal motility, as gastroenterologists are likely to encounter patients
who are taking cannabinoids, or those with dysmotility that may be associated with cannabinoid
mechanisms. The non-selective cannabinoid agonist, dronabinol, retards gastric emptying and
inhibits colonic tone and phasic pressure activity. In addition to the well-recognized manifestations
of cannabinoid hyperemesis, cannabinoid mechanisms result in human and animal models of
gastrointestinal and colonic dysmotility. Decreased enteric FAAH activity is associated with
colonic inertia in slow transit constipation and, conversely, the orphan G-protein coupled receptor,
GPR55, is overexpressed in streptozotocin-induced gastroparesis, suggesting it is involved in
inhibition of antral motility. Experimental therapies in gastrointestinal motility and functional
disorders are focused predominantly on pain relief mediated through cannabinoid 2 receptors or
inhibition of DAGLa to normalize colonic transit. In summary, cannabinoid mechanisms and
pharmacology are relevant to the current and future practice of clinical gastroenterology.

Graphical Abstract
Cannabinoid mechanisms result in human and animal models of gastrointestinal and colonic

dysmotility.

Experimental therapies in gastrointestinal motility and functional disorders are focused
predominantly on pain relief mediated through cannabinoid 2 receptors or inhibition of DAGLa to
normalize colonic transit.

Cannabinoid mechanisms and pharmacology are relevant to the current and future practice of
clinical gastroenterology.
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Introduction to Cannabinoids

There are natural, endogenous and synthetic cannabinoids. The marijuana plant Cannabis
sativa has been cultivated by humans for medicinal and other purposes for millennia, and it
has also been a source of controversy throughout history. The main active ingredient in
Cannabis, (\%-tetrahydrocannabinol (A%-THC), activates two Gi-coupled membrane
receptors, CB1 and CB2 receptors. CB1 receptors are located throughout the gastrointestinal
tract, predominantly in myenteric and submucosal neurons, as well as non-neuronal cells
such as epithelial cells (reviewed in ref 1). Conversely, CB2 receptors are mainly located on
inflammatory and epithelial cells, and to a lesser extent on myenteric and submucosal
neurons.23 Cannabinoid ligands activate cannabinoid receptors; endogenous ligands
identified in mammalian tissues include the endocannabinoids anandamide and 2-
arachydonylglycerol (2-AG)]. Endocannabinoids are biosynthesized ‘on demand’ from
membrane phospholipids. Immediately after their production, they are released from cells,
activate their target receptors activation to induce a biological response, and are then
inactivated through a reuptake process facilitated by a putative endocannabinoid membrane
transporter (EMT). Reuptake is followed by enzymatic degradation catalysed by the fatty
acid amide hydrolase (FAAH, in the case of anandamide) or by monoacylglycerol lipase
(MGL, and possibly FAAH, in the case of 2-AG).>7 In addition to effects on cannabinoid
receptors, the endocannabinoid anandamide may also activate the transient receptor potential
(TRP) vanilloid type 1 (TRPV1), which is mainly expressed by primary afferent neurons and
the orphan G-protein-coupled cannabinoid receptor GPR55.8

A common scenario encountered in clinical practice illustrates the frequent encounter with
the effects of natural cannabinoid, used for recreational or “medical” purposes, that presents
the potential negative effect on gut motility.

Case Study

A 51 year-old female with prior history of cholecystectomy, hysterectomy, migraine and
bronchial asthma presented with acute worsening of nausea, vomiting, and abdominal pain.
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She denied using showers to relieve her symptoms. She underwent removal of a residual
1cm common bile duct stone (which unfortunately did not relieve her symptoms). Upper
gastrointestinal endoscopy, ultrasound, CT and MR of the abdomen were otherwise
unremarkable. She was also treated for constipation and abdominal wall tenderness
associated with a trigger point. She acknowledged prior use of marijuana. Gastric emptying
of a 300kcal, 30% fat, solid-liquid meal was markedly delayed. On the other hand,
gastroduodenal manometry showed essentially normal amplitude antral phasic pressure,
reduced antral frequency, no evidence of pylorospasm and well-coordinated small bowel
phasic pressure activity (Figure 1).

Objectives

The current article demonstrates the role of cannabinoids in causing gastrointestinal
dysmotility and summarizes the following themes focusing on the literature in humans: the
biosynthesis of endocannabinoids, CB receptors, basic and clinical pharmacology of CB
including effects of dronabinol (a nonselective CB receptor agonist) on human
gastrointestinal and colonic matility, the association of genetic variations in FAAH and
CBR1 genes with symptom phenotypes, colonic transit and pharmacogenomics in IBS
patients, and a brief survey of experimental CB agents and their potential use in functional
and motility disorders of the gut.

Current Use of Cannabinoids

There is moderate quality evidence to support the use of cannabinoids (CB) for the treatment
of chronic pain and spasticity, and there is low quality evidence suggesting improvements in
nausea and vomiting due to chemotherapy, weight gain in HIV infection, sleep disorders,
and Tourette syndrome.® There is also some analgesic benefit provided by selective CB in
patients with chronic neuropathic pain.1% However, there is increased risk of short-term
adverse events, the most frequent being tachycardia, agitation and nausea.}! Nevertheless,
CB are increasingly used as medicinal or recreational agents, particularly in states having
decriminalized medical and recreational cannabis, where unintentional cannabis ingestion by
children,12 jn utero effects on fetal neural development associated with cannabis use during
pregnancy,!® and cannabinoid hyperemesis syndrome are increasingly recognized.14
Synthetic CB products have effects that are somewhat similar to those of natural cannabis,
but are more potent and long lasting than A%-tetrahydrocannabinol (THC). Some of these
compounds are potent and dangerous, having been linked to psychosis, mania, and suicidal
ideation.1®

Biosynthesis of Endocannabinoids

Endocannabinoids are biosynthesized ‘on demand’ from membrane phospholipids and they
are released immediately after their production. Endocannabinoids [e.g. anandamide (AEA)]
are synthesized in postsynaptic neurons: a synthetic enzyme is fatty acid amide hydrolase
FAAH (Figure 2). AEA released into the synaptic cleft functions as a retrograde messenger
binding to the presynaptic CB; receptor through various effectors, reduced activity of
protein kinases, modulation of ion channels and neurotransmitter release, e.g. acetylcholine.
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Following receptor activation and induction of a biological response, endocannabinoids are
inactivated (Figure 2) through reuptake by putative the endocannabinoid membrane
transporters (EMT), followed by enzymatic degradation by the fatty acid amide hydrolase
[(FAAH) in the case of anandamide] or by monoacylglycerol lipase [(MAGL) and, possibly
FAAH in the case of 2—arachydonylglycerol (2-AG)].1516 These catalytic enzymes have
also been identified in the digestive tract.5.” Apart from effects on CB receptors, the
endocannabinoid, anandamide, may also activate the transient receptor potential (TRP)
vanilloid type 1 (TRPV1), which is mainly expressed by primary afferent neurons and the
orphan G-protein-coupled receptor GPR55.8 The enzymes involved in biosynthesis and

degradation of endocannabinoids in the nervous system are extensively reviewed elsewhere.
17

Cannabinoid Receptors and Endocannabinoid Expression in the

Gastrointestinal Tract

CB; receptors are located throughout the gastrointestinal tract, mainly in myenteric and
submucosal neurons, but they are also expressed by non-neuronal [e.g. epithelial cells
(reviewed in ref. 1)]. CB, receptors are mainly located on inflammatory and epithelial cells,
but they are also expressed in myenteric and submucosal neurons.?:3 Endogenous ligands
that activate CB receptors (i.e. the endocannabinoids, anandamide and 2-AG)*8 have been
identified in mammalian tissues.

The major site of action of CB in the digestive tract is the enteric nervous system,19:20 on
mammalian and human intestinal cholinergic nerves in the myenteric and submucosal
plexuses and on nerve fibers in circular and longitudinal muscles, 192122 as well as
substance P or vasoactive intestinal peptide neurons, and in non-neuronal cells including
crypt epithelial cells and smooth muscle cells.19-22

Expression levels of the endocannabinoid system in intestinal diseases3 and the role of
cannabis and CB modulation in digestive disorders are reviewed elsewhere, including effects
on esophageal and lower esophageal sphincter function, appetite and inflammatory bowel
disease;24 therefore, these topics are not reviewed here. Similarly, the effects of chronic
stress on peripheral endocannabinoid pathways in visceral primary afferent neurons and the
brain, including mechanisms involved in nausea and vomiting, as well as effects on
epigenetic regulation of the gene encoding CB; are reviewed elsewhere. 1’

The main properties of CB receptor agonists and antagonists to which the following
discussion refers are listed in Table 1.25

Basic Pharmacology Demonstrating Effects of Cannabinoid Modulation on
Gut Motility

The profound effects of CB on gut motility were demonstrated in vitro in studies involving
human and animal tissues.
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a. CB receptors significantly impact intestinal motility in rats, as shown through
systematic studies using pharmacological agonists (WIN-55,212-2 and
CP-55,940) and antagonists of the CB4 (SR141716A) and CB, receptors
(SR144528).26

b. In colonic longitudinal muscle strips from patients with diverticular disease,
electrical field stimulation-induced, neutrally-medicated contractions were
inhibited by the CB agonist, (+)WIN55212-2. Conversely, the cannabinoid
antagonist, SR141716, potentiated EFS-induced twitch contractions of
longitudinal colonic muscle strips from patients with diverticular disease and
inhibited the relaxation of control muscle strips induced by the CB agonist,
(+)WIN 55,212-2.27

c. Within the myenteric plexus, CB; receptor agonists inhibit contractile activity
and peristalsis in the intestine via inhibition of excitatory acetylcholine in the
pre-synaptic neuron.28 CB; receptors within the myenteric plexus modulate
intestinal propulsion by attenuation of intestinal motor responses of the
peristaltic reflex in mice. In addition, there was increased gastrointestinal transit
measured by charcoal in CB17/~ knockout mice as compared to their wild-type
littermates. 29

d. A CB1 mega-agonist, AM841, has negligible central effects at doses that dose
dependently reduce transit in rat stomach in vivo, small intestine, cecum and
colorectum. In addition, effects on compliance or tone could be inferred from
morphometric analysis of stomach and cecum size by radiographic imaging.3°

Pharmacodynamic Effects of Cannabinoids on Human Gastrointestinal and
Colonic Motility

In human studies, most of the observations on CB effects have emanated from studies of the
approved pharmacological agent, dronabinol, a synthetic delta-9-tetrahydrocannabinol (A°-
THC). This is a non-selective CB agonist that is 90-95% absorbed after a single oral dose,
undergoes extensive first pass hepatic metabolism, and has high lipid solubility so that 10—
20% of the administered oral dose reaches the systemic circulation. Its onset of action occurs
at approximately 0.5-1 hour, and its peak effect occurs at 2—-4 hours. Elimination follows a
two-compartment model with initial half-life of ~4 hours and terminal half-life of 25-36
hours. It undergoes hepatic metabolism, primarily by microsomal hydroxylation, yielding
both active and inactive metabolites, and biliary excretion is the major route of elimination.

a. Effects on human gastric functions - Dronabinol delays gastric emptying of
solids,3! and this effect was seen predominantly in females (Figure 3). There
were no significant effects of dronabinol on postprandial gastric volumes
(accommodation), satiation [maximum tolerated volume (MTV)], and
postprandial symptoms during a nutrient drink test, but there were significantly
more central effects (lightheadedness and drowsiness) and nausea on dronabinol
compared to placebo. Fasting gastric volume was greater in males receiving
dronabinol compared with placebo. The precise reason for the gender-related

Neurogastroenterol Motil. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Camilleri

Page 6

observations is unclear, and it may simply reflect dosing (since standard dose
rather that weight-based dose was used). Overall, the inhibitory effects on gastric

motor function in humans are consistent with the observations in animal studies.
30

b. Effects on colonic transit were not statistically significant at 24 hours;3! however,
there appeared to be delays in colonic transit in males at 24 hours; colonic transit
at 48 hours was not tested. In patients with colonic inertia associated with slow
transit constipation (STC), there was decreased enteric FAAH activity,
suggesting that, with reduced enzymatic degradation of endogenous
endocannabinoids by the decreased FAAH activity, there is higher expression of
anandamide, 2-AG, and palmitoylethanolamide, and numerically higher CB4
receptor expression in myenteric nerve fibers (despite reduced ganglion cells) in
patients with STC.32

C. Effects on colonic compliance, tone and phasic pressure activity were measured
in the human descending or sigmoid colon by intraluminal barostat-manometry.
33 Females treated with dronabinol demonstrated increased colonic compliance.
Overall, both genders were shown to have profound inhibition of colonic
postprandial tone and significant inhibition of fasting and postprandial phasic
pressure activity (Figure 4).

The relevance of CB receptor agonists to colonic motility is also illustrated by the
experimental data from animal studies that demonstrated cannabinoid inhibition of colonic
contractility, as detailed above.26-29 These observations in human and animal studies also
lead to the suggestion that inhibiting endocannabinoid biosynthesis provides a novel
approach to the treatment of constipation. Thus, the enzyme diacylglycerol lipase-a
(DAGLa), which is involved in biosynthesis of the endocannabinoid 2-AG, is co-localized
with the vesicular acetylcholine transporter in myenteric cholinergic nerves. Inhibition of
DAGLa (e.g. with OMDM-188) reversed both scopolamine-reduced intestinal contractility
and loperamide-prolonged whole gut transit in normal mice and normalized fecal output in
C3H/HeJ mice, a genetically constipated strain.34

Pharmacogenomics Studies Support Modulation of Colonic Motility by

Cannabinoids

Pharmacogenomics studies also support a potential role of CB mechanisms on colonic
motility. Dronabinol showed treatment-by-genotype effects as well as IBS sub-phenotype by
genotype interactions. One example is the association of CARZrs806378 in different IBS
sub—phenotypes with dronabinol treatment. Thus, genotype CC in IBS-diarrhea/alternators
was associated (borderline significant) with colonic compliance and tone and proximal left
colon phasic pressure activity (motility index). Similarly, the IBS-constipation subgroup
demonstrated CC genotype interaction with treatment on fasting and postprandial colon
tone.3538 A second example is the association of £ZAAH rs324420 CC genotype with
reduced postprandial tone response during treatment with dronabinol, whereas the CA/AA
genotype was associated with a borderline increase in postprandial tone. Differential
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treatment effects on left colon motility indices in the CC compared to the CA/AA genotypes
were also observed.3®

Abnormal Cannabinoid Mechanisms in Gastrointestinal Dysmotility

Cannabinoids are recognized as etiologic factors in adult patients presenting with cyclic
vomiting syndrome (CVS) and cannabinoid hyperemesis. CVS is quite prevalent (10.8%)
among patients presenting to outpatient gastroenterology clinics with intermittent episodes
of nausea and vomiting. ldentified associations of CVS include younger age, tobacco
smoking, psychiatric comorbidity, and symptoms compatible with other FGIDs.3”
Cannabinoid hyperemesis presents either during use or withdrawal from cannabis and is
associated with a stereotypical craving for showers to relieve symptoms.38 In addition to the
role of CB in cyclic vomiting syndrome and CB hyperemesis, there are two commonly
encountered gastrointestinal dysmotilities in human or animal models that have been
associated with altered CB expression or mechanisms. Decreased enteric FAAH activity is
associated with colonic inertia in STC; conversely, CB1 expression appears to be non-
significantly increased.32 The orphan G-protein coupled receptor, GPR55, is a novel
receptor that is a target of anandamide and cannabidiol and is involved in regulation of
rodent intestinal motility.39 It was shown that there was increased expression of GPR55 in a
streptozotocin mouse model of gastroparesis, suggesting that CB mechanisms may result in
inhibition of gastric motility.40

Association of Genetic Variations in FAAH and CBR1 with Phenotype and
Colonic Transit

Further evidence supporting a role of CB mechanisms in gut dysmotility is provided by
associations between genetic variations in CB pathways or receptors and gastrointestinal
phenotypes, including intermediate phenotypes of motility and transit.

a. FAAH genotype is associated with symptom phenotypes and colonic transit in
IBS-diarrhea.

b.  CNRIrs806378 is associated with IBS-diarrhea,*2 the CC genotype with
symptoms, and, paradoxically, the TT genotype with faster colonic transit, given
that the TT (not the CC) group had fastest colonic transit at 24 and 48 hours.

c. There are different allelic frequencies of AAT repeats in the CAV/RZ gene in
healthy controls and IBS patients in Korea.*3 In studies of colonic transit, there
was a CNRI (AAT)n gene by subgroup interaction, but the significant
association was in healthy controls, not in IBS.42

d. Increased risk of cyclic vomiting syndrome (CVS) was observed among
individuals with AG and GG genotypes of CAR1rs806380 (intron) and
decreased risk of CVS with CC genotype of CNR1 rs806368 (3" -UTR, exon).*4
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Current Therapeutic Applications of Cannabinoid Medication

Dronabinol is the only approved cannabinoid medication. Reviewing the information and
published data on the role of cannabinoids, CB4 receptors and interactions with sensory
neurotransmitters (e.g. substance P, CGRP and TRPV1), Sharkey and Wiley proposed that
peripherally restricted CB and modulators of endocannabinoid synthesis and/or degradation
might be effective for short-term treatment of symptoms in functional bowel disorders.1’
Cannabinoids are commonly used in relief of chemotherapy-induced nausea and vomiting
(CINV), although no good quality evidence to recommend the use of cannabinoids for CINV
was identified in a systematic analysis of the literature.#> Given the inhibition of gastric
emptying shown with dronabinol, especially among female participants, the use of
dronabinol for nausea due to gastroparesis is unlikely to be efficacious.

Recent studies have assessed the potential of CB in pain syndromes. In a study of 65 patients
with chronic abdominal pain for at least 3 months after surgery or pain from chronic
pancreatitis, THC administered 3 times daily did not reduce pain measures compared to
placebo, although it appeared that THC was safe and well tolerated over ~7 weeks’
treatment#® (Figure 5). Similarly, THC did not reduce post-operative pain compared to
placebo.*

Potential Therapeutic Effects with Novel or Experimental Cannabinoid

Agents

The best characterized CB receptors, CB1 and CB,, are G-protein-coupled receptors with
similar amino acid sequences. In addition to expression in the immune system, CB,
receptors are widely expressed in brain, peripheral nervous system, and gastrointestinal tract.
Selective CB, receptor agonists may be candidates for treating pain and other (e.g.
inflammatory) disease states, as proposed from preclinical data.

LY 3038404 HCI, which possesses analgesic properties without effects on higher brain
function, attenuated pain in a rat model of pancreatitis.#® Orally administered PF-03550096
(3 and 10mg/kg) inhibited the 2,4,6-trinitrobenzene sulfonic acid-induced decrease in
colonic pain threshold in a rat model of visceral hypersensitivity.49

APD371, an oral peripherally restricted, highly selective CB2 receptor agonist, is being
tested for efficacy in relief of pain in patients with Crohn’s disease,*° although no results are
yet available.

Finally, the DAGL inhibitors, orlistat and OMDM-188, accelerated colonic transit in mice,
proving the concept that inhibition of synthesis of endocannabinoids may potentially provide
a novel approach to relief of constipation.34

Case Resolution

The management of this patient included: first, reassurance that the delayed gastric emptying
was likely the result of the inhibition of antral motility by cannabis; second, cessation of
cannabis as a “treatment” for her symptoms; third, dietary recommendations (small particle
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or homogenized solids), a prokinetic medication (e.g. liquid formula or sublingual
metoclopramide in 3—4 divided doses per day and a maximum total daily dose of 40mg), and
antiemetics for symptom relief as needed (e.g. diphenhydramine, 12.5mg up to twice daily,
or ondansetron, 4-8mg up to three times per day); and fourth, the patient was offered
referral to a mental health provider to address potential consequences of addiction.

Conclusion

Cannabinoid mechanisms are involved in control of gastrointestinal and colonic motility.
Studies to date have most clearly shown interaction through inhibition of intrinsic
cholinergic mechanisms that result in inhibition of motility. These associations are
manifested in humans by the use of CB for gastrointestinal symptoms, demonstrated
pharmacological effects of agonists particularly on colonic tone and phasic pressure activity,
as well as genotype associations with lower functional gastrointestinal phenotypes. As
gastroenterologists, we will encounter these effects when patients present with symptoms of
functional gastrointestinal disorders including the widely recognized cyclic vomiting
syndrome and CB hyperemesis, but we also should be aware of less overt manifestations
such as chronic constipation or symptoms associated with delayed gastric emptying. The
observed effects of cannabinoids on human gastrointestinal and colonic motility are
generally consistent with animal studies; as yet, there is no explanation for the greater
retardation of dronabinol on gastric emptying observed in females.

With the development of novel, more specific agonists and antagonists, it is also possible
that CB agents may be part of the pharmacological armamentarium to relieve symptoms,
independent of possible effects on sensations such as nausea, anorexia or pain.
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Figure 1.
Case study showing marked retardation of gastric emptying with unremarkable

antroduodenal manometry.
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Synthesis, action and hydrolysis of endocannabinoids. Endocannabinoids (e.g. anandamide,
2-arachidonoylglycerol) are synthesized in postsynaptic neurons by synthetic enzymes such
as NAPE-phospholipase D (NAPE-PLD) and diacyl glycerol lipase-a (DAGLa)
respoectively. Endocannabinoids released into the synaptic cleft function as retrograde
messengers binding to the presynaptic receptors including CB1, CB,, GPR55 and TRPV1,
and through various effectors, reduce activity of protein kinases (e.g. PKA), increase activity
of MAP kinases, and thereby modulate channels and monoamine neurotransmitter release
e.g. acetyl choline, norepinephrine. Endocannabinoids undergo re-uptake into the post-
synaptic neuron by membrane transporters and hydrolysed by enzymes such as fatty acid
amide hydrolase (FAAH) and monoacyl glycerol lipase (MAGL).
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Effects of dronabinol on gastric emptying in healthy humans. Reproduced with permission

from ref. 31, Neurogastroenterol Motil 2006;18:831-8.
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Figure 4.

Effects of dronabinol on colonic tone (A) and phasic pressure activity (B) in healthy
humans. Reproduced with permission from ref. 33, Am J Physiol 2007;293:137-45.
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Randomized, controlled trial of THC and placebo in three forms of chronic pain showing
mean VAS pain scores at baseline and during study treatment showing no significant effect

of treatment with THC. Reproduced with permission from ref. 46, Clin Gastroenterol

Hepatol 2017;15:1079-86.
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Main properties of cannabinoid receptor agonists and antagonists. Reproduced with permission from ref. 25,
Curr Gastroenterol Rep 2015;17:429.

AGONISTS

Plant Derived

AS-THC Main psychoactive cannabinoid in the marijuana plant
A8-THC Slightly less potent than AS-THC
11-OH-A%-THC Bioactive compound formed when the body breaks down A%-THC

Animal Derived

Anandamide 2-AG
THC Analogs
Dronabinol Nabilone, CP-55,940, HU-210, levonantradol

Different Chemical Structure

WIN-55,212

Binds to both cannabinoid receptors

ANTAGONISTS

SR-241716A Synthetic CB1 antagonist

SR-144528 Synthetic CB2 antagonist

AMB841 CB1 mega-agonist with negligible central effects at doses that potently reduce GI motor function
WIN-55,212-2 A weaker CB1R/CB2R non-selective cannabinoid agonist
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