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The synthesis and degradation of endocannabinoids,
location of cannabinoid (CB) receptors, and cannabinoid
mechanisms of action on immune/inflammatory, neuro-
muscular, and sensory functions in digestive organs are
well documented. CB, mechanisms are particularly rele-
vant in immune and sensory functions. Increasing use of
cannabinoids in the United States is impacted by social
determinants of health including racial discrimination,
which is associated with tobacco and cannabis co-use, and
combined use disorders. Several conditions associated
with emesis are related to cannabinoid use, including
cannabinoid hyperemesis or withdrawal, cyclic vomiting
syndrome, and nausea and vomiting of pregnancy. Canna-
binoids generally inhibit gastrointestinal motor function;
yet they relieve symptoms in patients with gastroparesis
and diverse nausea syndromes. Cannabinoid effects on
inflammatory mechanisms have shown promise in rela-
tively small placebo-controlled studies in reducing disease
activity and abdominal pain in patients with inflammatory
bowel disease. Cannabinoids have been studied in disor-
ders of motility, pain, and disorders of gut-brain interac-
tion. The CB,-receptor agonist, cannabidiol, reduced the
total Gastroparesis Cardinal Symptom Index and increases
the ability to tolerate a meal in patients with gastroparesis
appraised over 4 weeks of treatment. In contrast,
predominant-pain end points in functional dyspepsia with
normal gastric emptying were not improved significantly
with cannabidiol. The CB, agonist, olorinab, reduced
abdominal pain in inflammatory bowel disease in an open-
label trial and in constipation-predominant irritable bowel
syndrome in a placebo-controlled trial. Cannabinoid
mechanisms alter inflammation in pancreatic and liver
diseases. In conclusion, cannabinoids, particularly agents
affecting CB; mechanisms, have potential for inflammatory,
gastroparesis, and pain disorders; however, the trials
require replication and further understanding of risk-
benefit to enhance use of cannabinoids in gastrointestinal
diseases.

Keywords: Cannabis; Gastroparesis; Inflammatory Bowel Dis-
eases; Nausea; Vomiting; Pain Disorders.

annabinoids are natural, endogenous, or synthetic

C compounds. The marijuana plants, Cannabis sativa
and other species, have been used for medicinal and
other purposes for millennia. The World Health Organi-
zation reported that 2.5% of the world population con-
sumes cannabis annually." Cannabinoids are used
medically for the treatment of chronic pain and

spasticity, nausea and vomiting due to chemotherapy,
sleep disorders, Tourette syndrome, chronic neuropathic
pain, and to enhance weight gain in human immunode-
ficiency virus infection.”” More recently, studies have
enhanced understanding of cannabinoids for diverse
digestive disorders. Clinicians are encountering
increasing numbers of patients who already are using
cannabinoids or request information or guidance on
their use for gastrointestinal indications.

The objectives of this review are to appraise the
epidemiology of cannabis use; the synthesis and degra-
dation of endocannabinoids; the location of cannabinoid
receptors; cannabinoid mechanisms of action with spe-
cific attention to immune/inflammatory, neuromuscular,
and sensory functions in digestive organs; and the role of
cannabinoids in causation or treatment in diverse
gastrointestinal diseases including the conditions asso-
ciated with emesis, inflammatory bowel disease, disor-
ders of motility and pain, and disorders of gut-brain
interaction. In addition, the multiple effects of cannabi-
noids on diverse organs in the digestive tract including
the pancreas and liver are evaluated.

Starting With a Word of Caution About
Safety Before Mechanisms and Efficacy

Cannabinoids may cause short-term adverse events,
including tachycardia, agitation, and nausea.* Effects of
synthetic cannabinoid products are similar and may be
more potent and longer lasting than those of A°-tetra-
hydrocannabinol (A°THC). Some cannabinoid com-
pounds may cause psychosis, mania, and suicidal
ideation.” With liberalization of cannabinoid use, there
has been unintentional cannabis ingestion by children,”
in utero effects on fetal neural development with use
during pregnancy,’ and cannabinoid hyperemesis

Abbreviations used in this paper: AEA, anandamide; CB, cannabinoid;
CHS, cannabinoid hyperemesis syndrome; CVS, cyclic vomiting syn-
drome; CWS, cannabinoid withdrawal syndrome; FAAH, fatty acid amide
hydrolase; FDA, Food and Drug Administration; HCC, hepatocellular car-
cinoma; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome;
IL, interleukin; NVP, nausea and vomiting in pregnancy; 2-AG, 2-
arachidonoylglycerol; °THC, A°-tetrahydrocannabinol.
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syndrome.® Given these safety concerns, cannabinoids
are regarded as third-line agents for chronic neuropathic
pain management and should not be used in patients
with a history of psychosis.” In July 2020, the National
Institute on Drug Abuse reported that 9% of people who
use cannabis will become dependent on it, increasing to
approximately 17% in those who start using in their
teens.'’

Cannabinoids: Where, What, and How
Do They Work?

Cannabinoid Receptors in the Digestive Tract

There are 2 G-protein-coupled membrane cannabi-
noid receptors, CB; and CB; receptors, as well as several
other non-CB-receptor types (detailed later). The main
active ingredient in cannabis is A°THC, which activates
both types of receptors. CB; receptors are located
throughout the gut, mainly in myenteric and submucosal
neurons, and in non-neuronal cells such as epithelial
cells."' CB; receptors also are located in the brain. CB,
receptors are located mainly in inflammatory and
epithelial cells and, to a lesser extent, in myenteric and
submucosal neurons.'*"?

Endogenous ligands (called endocannabinoids, anan-
damide, and 2-arachidonoylglycerol [2-AG]) activate
cannabinoid receptors. In the digestive tract, cannabinoid
receptors are identified in cholinergic, tachykininergic, or
vasoactive intestinal peptide-ergic nerves of the myen-
teric and submucosal plexuses”; in nerve fibers in cir-
cular and longitudinal muscles; in non-neuronal cells
including crypt epithelial cells; and indirectly in smooth
muscle cells through neuronal input."*'® Expression
levels of the endocannabinoid system in intestinal dis-
eases have been studied extensively."”

Endocannabinoid Biosynthesis, Retrograde
Messengers, and Inactivation

The biosynthesis of endocannabinoids is derived from
membrane phospholipids and occurs on demand, and is
followed by immediate release extracellularly (eg,
into a synapse). The endocannabinoids (anandamide
[AEA] and 2-AG) are synthesized in postsynaptic neu-
rons. The synthesis results from the action of synthetic
enzymes, specifically N-arachidonoyl phosphatidyl
ethanolamine-preferring phospholipase D for AEA and
diacyl glycerol lipase-« for 2-AG (Figure 1)."*

These endocannabinoids function as retrograde
messengers and, after release into the synaptic cleft, AEA
binds to CB; presynaptic receptors, whereas 2-AG binds
to both CB; and CB, presynaptic receptors. Such receptor
binding activates diverse intracellular effectors in the
presynaptic neurons or other target cells, resulting in
modulation of ion channels and reducing neurotrans-
mitter (eg, acetylcholine) release. In addition to the
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effects on cannabinoid receptors, AEA also may activate
the transient receptor potential, vanilloid type 1, in pri-
mary afferent neurons, which have important sensory
functions, as well as the orphan G-protein-coupled
cannabinoid receptor 55.'° Having completed the acti-
vation of presynaptic cannabinoid receptors to induce a
biological action, the endocannabinoids undergo reup-
take by membrane transporters into the postsynaptic
neuron (Figure 1). They undergo enzymatic degradation
by fatty acid amide hydrolase (FAAH) for AEA or mono-
amine glycerol lipase for 2-AG. The common end product
of these degradations is arachidonic acid, which un-
dergoes further oxidative transformation by enzymes
such as cyclo-oxygenase-2, lipoxygenase, or epox-
ygenase/cytochrome P450; the other metabolites are
ethanolamine and glycerol.?’ Figure 1 also serves to
contrast endocannabinoids and neurotransmitters.
Endocannabinoids are synthesized on demand post-
synaptically to act presynaptically to fine tune effects of a
neurotransmitter on a postsynaptic receptor. Neuro-
transmitters are synthesized presynaptically and stored
in vesicles to stimulate postsynaptic receptor, and the
effect is modified by re-uptake or acting via presynaptic
receptors to inhibit further transmitter release.”’

In the normal gut, both CB; and CB; receptors and the
respective synthetic and degradative enzymes for endo-
cannabinoids are expressed in the enteric nervous sys-
tem, smooth muscles, and blood vessels. In the
gastrointestinal epithelium, there are CB; receptors in
health, and increased expression of CB, receptors occurs
in the gastrointestinal epithelium and lamina propria
immunocytes, especially macrophages in inflammation.**
CB; receptors are present on intrinsic primary afferents,
as well as extrinsic spinal and vagal afferents, and enteric
neurons involved in the peristaltic reflex.”® Effects of CB
receptors modulate intestinal ion transport and intesti-
nal permeability, including perturbations by a high-fat
diet.”***

Exogenous or administered cannabinoids can activate
the same presynaptic receptors to modulate neuro-
transmitter release or sensory receptors. Cannabinoids
are involved in diverse gut functions including regulation
of food intake, nausea and emesis, gastric secretion and
gastroprotection, inhibition of gut motility, ion transport
with increased mucosal permeability, visceral sensation,
reduction of intestinal inflammation, and cell prolifera-
tion.”® Other than effects on intestinal permeability,
which are mediated through CB; receptors, the other
functions generally are mediated by both CB; and CB,
receptors.”**°

Effects of Cannabis and Its Derivatives on
Gastrointestinal Organs and Functions

Figure 2 summarizes the multitude of effects of
cannabis and its derivatives in gastrointestinal organs
and illustrates effects on the liver, metabolism, and
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Figure 1. The biosynthesis of endocannabinoids is derived from membrane phospholipids and occurs on demand and is
followed by immediate release extracellularly (eg, into a synapse). The endocannabinoids (anandamide [AEA] and 2-
arachidonoylglycerol [2-AG]) are synthesized in postsynaptic neurons. The synthesis results from the action of synthetic
enzymes, specifically N-arachidonoyl phosphatidyl ethanolamine-preferring phospholipase D (NAPE-PLD) for AEA and diacyl

glycerol lipase-a (DAGL«) for 2-AG. Ach, ATP, adenosine

triphosphate; cAMP, cyclic adenosine monophosphate; CB,

cannabis; CREB, cAMP response element-binding protein; FAAH, fatty acid amide hydrolase; GPR55, G-protein—coupled
cannabinoid receptor 55; MAGL, monoacylglycerol lipase; MAPK, mitogen-activated protein kinase; NE, norepinephrine; PKA,
protein kinase; TRPV1, transient receptor potential, vanilloid type 1. Reprinted with permission from Maselli and Camilleri.'®

pancreas.”” These effects are reviewed in greater detail
in forthcoming sections.

Cannabinoid Use

Cannabis use in the US population is increasing, while
an increasing number of US states and territories have
legalized its medical and recreational use.”® The per-
centage of cannabis users in the United States increased
significantly from 11% (or 25.8 million people) in 2002
to 17.5% (or 48.2 million people) in 2019.*°

Relationship to Cannabis Legalization

Many states in the United States have legalized
cannabis for medicinal and/or recreational use. In a

study from 17 health care institutions in 15 states, it was
reported that states may experience an increase in
cannabis-related emergency department visits with
progression toward cannabis legalization. The differ-
ences between states were deemed likely to be multi-
factorial, including cultural norms, attitudes of local law
enforcement, differing patient populations, legalization in
surrounding states, availability of dispensaries, various
ordering protocols in the emergency departments, and
the prevalence of nonregulated cannabis products.®

A significant increase in prenatal cannabis exposure
has been reported in recent years,29 with an estimated
4% to 7% of women using cannabis during pregnancy
(reviewed by Kitsantas et al*").

A systematic review involving 13 publications, report-
ing on 333,550 study participants and 855,630 pre-
sentations to emergency departments in North America,””
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Liver & metabolism

+ Increases expression of
cannabinoid receptors in
acute and chronic liver
injury

» May play role in
fibrogenesis (although
possible protective role?)

* Increases short term
energy intake

+ Probable long term weight
loss through CB2 pathways

- CBBD: alters enzymatic
pathways (Cyt P-450)

Pancreas

+ Mitigates inflammatory
response in pancreatitis

+ Could be causative agent
of pancreatitis

+ May improve pain in
chronic pancreatitis

with the majority from western US states, documented
that increased availability of legal cannabis was linked to
increased current cannabis use and health-related out-
comes (vomiting, psychosis, or cannabis-involved preg-
nancies) among both adults and adolescents. The positive
correlation between cannabis availability and consumption
was most pronounced among the groups who had been
less exposed to cannabis before legalization.*”

Relationship to Discrimination and Prior Life
Experiences

Racial/ethnic discrimination is associated with use of
individual tobacco and cannabis products, and use out-
comes were more profound for non-Hispanic White and
non-Hispanic Black adults than adults from other racial/
ethnic populations.”® Moreover, there is significant sub-
stance misuse, including cannabis, opioids, stimulants,
sedatives, and other drugs in older individuals; these
were higher in Vietnam-era veterans than nonveterans.
Veterans may be at particular risk owing to service-
related experiences and later-life tribulations.***° In
addition, veterans with post-traumatic stress disorder
and substance use disorders were more likely to have
cannabis-positive urine drug test results.*®

Among adult cancer survivors, approximately 50% used
cannabis for medical reasons during the 2019 to 2021
coronavirus disease-2019 pandemic.’”” Among 162 adults
with inflammatory bowel disease (IBD) at an IBD clinic in
Puerto Rico, 37% reported use of cannabis, with 63% of
users reporting use to relieve their IBD.*® Several studies
have documented the use of cannabis for relief of symptoms
among patients with gastroparesis as well as hospital
readmission rates among these patients.””*” Based on a
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Figure 2. Summary of the
multitude of effects of
cannabis and its de-
rivatives in gastrointestinal
organs and effects on the
liver, metabolism, and
pancreas. CBD, cannabi-
diol; CB2, cannabinoid 2;
CINV, chronic idiopathic
nausea and vomiting; Cyt
P-450, cytochrome P-450;
IBS, irritable bowel syn-
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+ May improve abdominal
pain associated with IBS

nationwide inpatient sample database from January 2012 to
December 2014 among patients with a primary diagnosis of
gastroparesis, those with increased odds of cannabis use
were younger and of African American, Asian, or Pacific
Islander descent, and they had Medicaid insurance and a
lower median household income.*’ On the other hand,
among patients with gastroparesis hospitalized in 2016 and
2017 (99,695 hospitalizations), the inpatient mortality rate
was 0.27%, and they had a shorter length of stay, lower
total hospital charge, and lower sepsis rates.**

Cannabinoids and Gut Motility

Altered mechanisms of control of cannabinoid
expression are associated with gut dysmotilities. For
example, decreased FAAH is associated with slow-transit
constipation®” and there was increased expression of G-
protein-coupled receptor 55 in a streptozotocin mouse
model of gastroparesis.** Pharmacologic effects of
cannabinoid mechanisms on human gut motility and
sensation were shown with dronabinol, a synthetic
nonselective cannabinoid agonist, which delayed gastric
emptying of solids*> and inhibited postprandial colonic
motility and tone,"® although no significant effect on
colonic transit was noted.*> Animal and in vitro studies
showed cannabinoid inhibition of colonic contractility,47
whereas inhibitors of synthesis of endocannabinoids
accelerated colonic transit in mice.*®

Cannabinoids and the Pancreas

Cannabinoid receptors are found on « and 8 cells of
the endocrine pancreas, aiding in the release of insulin.*?
Acute pancreatitis is a rare complication of cannabinoid
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use in human beings,go’51 and the lifetime risk increases

with the duration of cannabis use.”” In animal models of
cerulein-induced pancreatitis, CBi-receptor activation
worsened disease activity,53 whereas CB;- and CB,-re-
ceptor agonists or selective CB,-receptor agonists
improved pain-related behavior, inflammation, and tis-
sue damage.”

Cannabinoid modulation of pain in chronic pancrea-
titis has been associated with deactivation of proin-
flammatory pathways (p38 mitogen-activated protein
kinase, mammalian target of rapamycin, and extracel-
lular signal-regulated kinases pathways).”> Clinical trials
have shown contradictory information. Namisol (Echo
Pharmaceuticals, Leiden, Netherlands) (which contains
pure, natural A°THC) showed no change in proin-
flammatory (tumor necrosis factor-« and interleukin [IL]
8) or anti-inflammatory (IL10) cytokines compared with
baseline,”® and A°THC did not significantly reduce pain
in chronic pancreatitis.”’ In contrast, 53 patients with
chronic pancreatitis on opioid therapy showed a trend
toward decreased daily average opioid use and
decreased hospital admissions and emergency depart-
ment visits compared with those not enrolled.”®
Concomitant cannabis use also was reported to reduce
the odds of acute and chronic pancreatitis among in-
dividuals with abusive alcohol consumption.””

Antigrowth and pro-apoptotic properties have been
observed in in vitro appraisals of cannabinoids in models
of pancreatic cancer’” and, particularly, effects of can-
nabidiol in pancreatic cancer cell lines.®°? However,
there are no clinical studies of cannabinoid use to treat
pancreatic malignancy.

Cannabinoids and the Liver

CB, receptors are expressed on endothelial cells and
hepatocytes, and CB, receptors are expressed on Kupffer
cells. Figure 2 depicts the mechanistic effects of the
endocannabinoids, 2-AG and AEA, in liver diseases.®®
Endocannabinoids show multiple effects in the liver,”*
including inhibition of the inflammatory response of
Kupffer cells, fibrogenesis, and activation of quiescent
hepatic stellate cells through CB; receptors. On the other
hand, CB; receptors promote fibrogenesis and activation
of quiescent hepatic stellate cells, promote apoptosis in
hepatocytes, increase lipogenesis and hepatic steatosis,
and promote liver regeneration and immune tolerance in
hepatocellular carcinoma (HCC).®®> Cannabidiol was
shown to suppress HCC cell growth in vivo and in vitro
and to induce HCC cell pyroptosis; thus, it could be
considered as a potential compound for HCC therapy.®®

Cannabinoid treatment has been studied in nonma-
lignant chronic liver diseases.”” In nonalcoholic fatty
liver disease, endocannabinoids and cannabinoid re-
ceptors are up-regulated in hepatic tissue. In rodent
models of liver disease, CB,-receptor agonists reduce the
progression of inflammation and fibrosis.°® Rimonabant,

Cannabinoids 3221

a CB; inverse agonist, reduced liver regeneration, portal
pressure, and ascites in rodents with cirrhosis.°” In pa-
tients with chronic hepatitis B infection, levels of CB; and
CB; increased with the degree of fibrosis,”® and were
expressed by activated hepatic stellate cells.”’ Similarly,
daily cannabis smoking is associated with progression of
fibrosis in chronic hepatitis C.”* In turn, CB;-receptor
expression was increased in patients with alcoholic liver
fibrosis’? and chronic hepatitis C infection, and was
associated with fibrosis stage and cirrhosis steatosis.””
Inhibition of CB; protected against alcohol-induced
fibrosis.”* On the contrary, a recent meta-analysis sug-
gested a possible protective effect of cannabis (a CB; and
CB, agonist) use in hepatic steatosis and possibly
fibrosis.”* Cannabidiol inhibited collagen gene tran-
scription and synthesis and prevented transforming
growth factor §- and IL4-induced fibroblast migration in
a CCl, model of liver fibrosis.””

There may be a potential role of cannabinoids in
autoimmune hepatitis, based on preliminary data and
animal models,”® although this has yet to be shown in
human beings.

Cannabis use in patients with cirrhosis resulted in
mixed outcomes regarding hospital admissions with he-
patic decompensation. Those using cannabis after its
legalization had a decreased rate of admissions related to
hepatorenal syndrome and a trend to decreased hospital
utilization and mortality. However, cannabis users with
cirrhosis other than related to alcohol and hepatitis C had a
higher risk of admission for hepatic encephalopathy.””

Cannabinoids and Vomiting Syndromes

Cannabinoids are associated with cyclic vomiting
syndrome (CVS), cannabinoid hyperemesis syndrome
(CHS), cannabinoid withdrawal syndrome (CWS), and
nausea and vomiting in pregnancy.

CVS is a relatively frequent presentation (10.8%)
among patients with intermittent episodes of nausea and
vomiting seeking care in outpatient gastroenterology
clinics. CVS is associated with younger age, tobacco use,
psychiatric comorbidity, and symptoms compatible with
other disorders of gut-brain interaction.”® In a study of
140 patients with CVS at a specialized clinic, 72% were
female and the mean age was 37 + 13 years; 41% were
current cannabis users and 21% reported regular use.
The latter use pattern was more likely in males and was
associated with report of an anxiety diagnosis and with
smoking cannabis with higher A°THC content and for a
longer duration. Most users reported that cannabis hel-
ped control CVS symptoms, and abstinence rarely
resolved the CVS episodes.”” A recent review of CVS
concluded that prophylactic therapy consists of tricyclic
antidepressants (amitriptyline), antiepileptics (top-
iramate), and aprepitant in refractory patients, and
abortive therapy consists of triptans, antiemetics
(ondansetron), and sedation.’’ The review also showed
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that treatment of comorbid conditions is extremely
important to improve overall patient outcomes.®’

CHS is characterized by the association of chronic
cannabis use with persistent nausea and vomiting,
abdominal pain, and (in the original article by Allen et
al®) compulsive bathing.® It is noteworthy that the
bathing is neither compulsive nor universal in CHS and is
not deemed to be pathognomonic of cannabis use®’
because symptom relief with hot baths or showers was
observed in 48% of CVS patients with no cannabis use
compared with 72% who used cannabis.?” In a series of
almost 100 patients, approximately 75% of patients had
used cannabis at least 4 days per week and approxi-
mately 68% for 2 or more years.”® It has been proposed
that a presumptive diagnosis of CHS may be considered
when chronic (>1 year), daily use is encountered in the
context of cyclic vomiting, and a failure to respond to
standard prophylactic agents.”*

Based on an internet survey of 157 CHS sufferers in
Canada and the United States, there were 15 emergency
department visits per 100,000 population before legali-
zation, 21 after legalization, and 32 (95% CI, 31-35)
during the beginning of the coronavirus disease-2019
pandemic, with treatment prevalence among chronic
cannabis users as high as 6 per 1000 in the group aged
16 to 24 years.”® In a study of 72 hospitalizations for CHS
in Massachusetts, there was increased hospital resource
utilization postlegalization, with increased length of stay,
increased mean costs even after adjusting for medical
inflation, increased intravenous fluid administration, and
increased endoscopy costs.”®

Among 271 cases of CHS evaluated between 2000 and
2018,%" the mean age of patients was 30.5 + 7.6 years,
68.6% were male, the mean duration of cannabis use
before symptom onset was 6.6 £ 4.3 years (with daily
use in 68%), and compulsive hot-water bathing in 71.5%.
Moreover, case reports in the recent literature document
rare complications of CHS, including pneumo-
mediastinum for esophageal microperforation, hypo-
phosphatemia, acute renal injury, nephrolithiasis, and
even severe burns secondary to the hot baths. A sys-
tematic review of pharmacologic treatments for CHS
could not identify optimal treatment. In general, benzo-
diazepines, haloperidol, and capsaicin have been effica-
cious for acute treatment, and tricyclic antidepressants
for long-term treatment.®” For both CHS and CVS, treat-
ment with the neurokinin 1 antagonist, aprepitant, is
reported to be efficacious.”®*’

Just as it is important to recognize CHS and CVS, it is
relevant that patients may develop symptoms on cessa-
tion through decreased central nervous system stimula-
tion, or CWS, which also is recognized as International
Classification of Disease, 10th revision, code F12.30. CWS
affects women more frequently, occurring anytime from
1 to 10 days after last consumption, is associated less
often with abdominal pain and vomiting (8.3% compared
with 85.1% for CHS), and hot showers virtually exclude
CWS. Psychological symptoms are extremely common
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and may impair quality of life,”” and can get worse with
time, up to 4 weeks, presumably the time for CB; re-
ceptors to return to their original state in the central
dopaminergic pathways.”*

Table 1 is an adaptation of a summary of the differences
in the clinical history between CHS and CWS.”" Treatment
options for CWS include approaches to replace and taper
by protocol oral THC with dronabinol, nabiximols, or
nabilone combined with zolpidem to improve withdrawal
symptoms (altered mood and sleep, nausea. and craving)
and increase prolonged abstinence, or with gabapentin and
behavioral therapies, which help improve symptoms while
reducing relapse (reviewed by Razban et al’").

Cannabis is used to relieve nausea and vomiting in
pregnancy (NVP); however, there is evidence suggesting
aggravation of NVP by cannabis. Thus, among 220,510
pregnancies (2009-2016), of which 17.6% had a diag-
nosis of NVP, the rate of use was approximately 2-fold
higher in those with NVP. The trends to increased use of
cannabis over time increased similarly in NVP and non-
NVP pregnant women.”> Among 9250 participants, of
which 5.8% had detectable urine A°THC levels, those with
positive test results had greater odds of moderate-to-
severe nausea (20.7% vs 15.5% with undetected levels).”*

Given that systematic reviews and meta-analyses
found associations between cannabis use and adverse
perinatal outcomes, especially with heavy cannabis use
(eg, growth restriction, stillbirth, spontaneous preterm
birth, and neonatal intensive care unit admission),
women are advised to refrain from using cannabis dur-
ing pregnancy and lactation.”* Open discussion of
cannabis consumption during pregnancy is very chal-
lenging for patients and maternity care providers in the
current environment of variable legal status across states
and variable degrees of personal and societal accep-
tance.”” However, there is evidence of a therapeutic
benefit of dose-dependent cannabis or its extracts in
some post-partum depression symptoms.”®

Cannabinoid Use in Patients With
Gastroparesis

A°THC delays gastric emptying of solid food in human
beings.”” Among 506 patients with symptoms of idio-
pathic or diabetic gastroparesis in the National Institutes
of Health Gastroparesis Consortium database, 11.7%
reported current cannabis use, particularly in those with
severe nausea and abdominal pain, and they perceived it
to be beneficial for their symptoms.’” Use of cannabis
was similar in idiopathic and diabetic patients, although
users were younger; more often current tobacco
smokers; and less likely to be a college graduate, mar-
ried, or have income greater than $50,000. In a separate
study, 24 patients with gastroparesis and refractory
symptoms reported cannabis induced a significant
improvement in every Gastroparesis Cardinal Symptom
Index subgroup, as well as in abdominal pain score.”®
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Table 1. Adaptation of a Summary of the Differences in the Clinical History Between Cannabinoid Hyperemesis Syndrome and
Cannabinoid Withdrawal Syndrome

Clinical history

Cannabinoid hyperemesis syndrome

Cannabinoid withdrawal syndrome

Onset of symptoms, from last
consumption of cannabis

Compulsive hot showers, as
symptomatic relief

Accompanying psychological
symptoms

Clinical course/pattern

Quantity correlating with severity
Symptoms with cannabis consumption

Diagnostic criteria

<24 hours

Yes

No

Well described, 3 phases, development of
tolerance with escalating dosing

No
Worse

Rome IV

Criteria fulfilled for the past 3 months, symptom
onset at least 6 months before diagnosis

Stereotypical episodic vomiting resembling
cyclic vomiting syndrome in terms of onset,
duration, and frequency

Presentation after prolonged, excessive

>24 hours

No

Yes

No

Yes
Relief

DSM-V: >3 criteria within 1 week of reducing/
ceasing cannabinoid use

Irritability; anger or aggression
Nervousness or anxiety

Sleep difficulty

Decreased appetite or weight loss
Restlessness

Depressed mood

cannabis use.

Relief of vomiting episodes by sustained

Somatic symptoms causing significant
discomfort

cessation of cannabis use
Supportive feature: pathologic bathing behavior
(prolonged hot baths or showers)

DSM-V, Diagnostic and Statistical Manual of Mental Disorders, 5th ed. https://doi.org/10.1176/appi.books.9780890425596.

Reprinted with permission from Razban et al.®’

Cannabis-related improvement in symptoms in patients
with gastroparesis may be unrelated to slowing of gastric
emptying in healthy volunteers by A°THC®” and by
dronabinol,*® although the latter study showed a trend to
reduced postprandial fullness. Effects on visceral sensa-
tion”® may contribute to improvement in symptoms.

Cannabinoid Mechanisms and Intestinal
Inflammation

Mechanisms related to endocannabinoids and their re-
ceptors participate in the pathobiology of IBD.?””? Canna-
binoids protect against colonic inflammation in rodent’°
and human models, and they decrease the permeability
of the human colon compared with controls."’*

Several studies in animal models have documented
the effects of cannabinoids in bowel inflammation. Thus,
activation of both CB; and CB, receptors reduced colon
weight gain, colon shrinkage, colon inflammatory dam-
age score, and diarrhea induced by experimental coli-
tis.'’? Genetic ablation of CB; receptors or CB;-receptor
antagonists rendered mice more sensitive to colitis.'’’
FAAH-deficient mice as well as inhibitors of ananda-
mide reuptake or enzymatic hydrolysis (all with pre-
sumed higher levels of anandamide) showed protection
against colonic inflammation.'’®'%* Anandamide levels

and expression of cannabinoid receptors were increased
in the inflamed colon.’'* CB; and CB;,-receptor acti-
vation reduced hypersensitivity and pain induced by
experimental colitis.'**

Patients with IBD show greater quantity used and an
earlier age of onset of cannabis use compared with age-
and sex-matched controls; thus, 6.8% to 17.6% of IBD
patients use cannabis.'’” In multivariable logistic regres-
sion, the presence of IBD, male gender, and age older than
40 years predicted cannabis use.'”® Despite symptom
relief, cannabis does not necessarily induce IBD remission.
In fact, based on population studies, cannabis appears to
be a predictor for the need for surgical intervention in
Crohn’s disease.'”® On the other hand, many patients with
IBD who use cannabis experience improved symptoms
and often do not disclose this use to their physicians.’®
Similarly, use of cannabis-based medicinal products was
associated with short-term improvement in IBD patients
with refractory symptoms.'®’

Several placebo-controlled studies in IBD have
documented some benefits of cannabinoid treatments
(including inhaled A°THC or cannabis or cannabidiol-
rich botanical extracts) on symptoms and quality of life
(Table 2).'°%*% Ultimate proof of efficacy has not yet
been documented. A systematic review and meta-
analysis of these 5 trials documented borderline canna-
binoid induction of remission based on randomized
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Table 2. Several Placebo-Controlled Studies Documenting Some Benefits of Cannabinoid Treatments (Including Inhaled A*THC or Cannabis or Cannabidiol-Rich Botanical

Extracts) on Symptoms and Quality of Life in Inflammatory Bowel Disease,'®~'"? Although Ultimate Proof of Efficacy Is Not Yet Documented

IBD Cannabinoid used, wk

Patients, n

Primary outcome

Other comments

Study

Unresponsive Crohn’s Inhaled (cigarettes) containing

11.5 mg A°THC; 8 wk

Unresponsive Crohn’s CDAI
>200

10 mg CBD oil b.i.d. p.o.; 8 wk

Left-sided UC on 5-ASA, 50 mg CBD-rich botanical extract;
Mayo score, 4-10 10 wk

UC; moderately active Inhaled (cigarettes)
0.5 g dried cannabis (with 80 mg
A®THC) vs placebo 2

cigarettes/d; 8 wk

Crohn’s CDAI >200 and SES-
CD ->2.

Oral CBD/THC 4:1 oil p.o.; 8 wk

21

20

60

32

56

| CDAI score <150 not
achieved

No change in CDAI of CBD
vs placebo at 8 wk and
2 wk later

No A in number achieving
Mayo score <2 on ITT
analysis

UC disease activity score
by Lichtiger score and
Mayo score

CDAI, SES-CD,
inflammation markers

| CDAI score by >100
achieved in 10 of 11 vs
4 of 10 with placebo;
improved QOL

AEs: no change between
CBD and placebo
groups

39 completers; 21
withdrew (15 owing to
AEs; 10 on CBD)

Per-protocol analysis of
total and partial Mayo
UC scores and pain
favored CBD-rich
botanical extract

Clinical and endoscopic
improvement relative to
placebo: Lichtiger index
(P < .001) and QOL
improved (P < .007)

Mayo endoscopic score
changed in the CB
group from 2.13 + 1 to
1.25 + 2 (P = .015), but
the P value between
groups was .17

Significant improvement in
CDAI scores and
median QOL scores

No change in endoscopic
score, CRP, or
calprotectin level

Naftali et al'®®

Naftali et al'®

Irving et al'™®

Naftali et al'""

Naftali et al''?

AE, adverse event; b.i.d., twice daily; CB, cannabis; CBD, cannabidiol; CD, Crohn’s disease; CDAI, Crohn’s Disease Activity Index; CRP, C-reactive protein; IBD, inflammatory bowel disease; ITT, intent to treat; p.o., orally; QOL,

quality of life; SES-CD, Simple Endoscopic Score for Crohn’s Disease; ASTHC, Ag-tetrahydrocannabinol; UC, ulcerative colitis.

Adapted with permission from Maselli and Camilleri.'®
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controlled trials, with an odds ratio of 1.56 (95% CI,
0.99-2.46) and significant effects on disease activity
indices and improved scores on the short Inflammatory
Bowel Disease Questionnaire.113

Management of pain in IBD is clinically challenging.
Opiates increase the risk of death, and nonsteroidal anti-
inflammatory drugs may induce stricture formation and
ulceration. The potential of cannabis modulation of pain
in Crohn’s disease has been reported in a dose-related,
open-label, parallel-group, multicenter, phase 2a study
with the CB,-receptor agonist, olorinab (pharmacologic
actions detailed in the next section), for 8 weeks,
administered at doses of 25 or 100 mg 3 times per day in
14 patients with quiescent Crohn’s disease experiencing
average weekly abdominal pain. The average abdominal
pain score at weeks 4 and 8 improved compared with
baseline, and other benefits included a higher number of
pain-free days per week.''* Further comparator-
controlled studies are awaited.

Cannabinoid System Targets of Visceral
Pain

CB; receptors are expressed in the brain, peripheral
nervous system, and gastrointestinal tract,"’® and they
are being targeted for potential analgesia without the
psychic effects of nonselective cannabinoids such as
A°THC or dronabinol. ’ATHC was tested in 3 types of
chronic pain: abdominal, pancreatic, and postsurgical
pain, and proved ineffective relative to placebo.”’

Palmitoylethanolamide is an endogenous fatty acid
amide with a structure similar to anandamide, and binds
to a nuclear receptor and has diverse biological functions
related to chronic pain and inflammation. Palmitoyletha-
nolamide/polydatin, 20 or 200 mg twice daily, was effec-
tive in reducing the severity of abdominal pain/discomfort
compared with placebo in 54 patients with irritable bowel
syndrome (IBS) and 12 healthy controls.'*®

Olorinab (formerly APD371) is a highly selective, full
agonist of CB, receptors. Its visceral analgesic effects
were shown in several preclinical models of pancreatitis,
trinitrobenzene sulfonic acid colitis,'’” and chronic
visceral hypersensitivity.''®

The CAPTIVATE phase 2 trial’'” tested the efficacy of
olorinab in patients with IBS. In a prespecified subgroup
analysis of participants with a baseline average abdom-
inal pain score of 6.5 or higher, 50 mg olorinab (n = 35)
significantly improved the average abdominal pain score
compared with placebo (n = 30), with greater efficacy in
patients with constipation-predominant IBS.

Cannabidiol Pharmacology and Trials in
Functional Dyspepsia, Irritable Bowel
Syndrome, and Gastroparesis

Cannabidiol is a CB,-receptor (CBR;) agonist and
CBR; antagonist that is nonpsychotropic and has
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significant anti-inflammatory effects. It modulates mul-
tiple receptors including being an agonist at serotonergic
5-HT1A, adenosine Al and A2A, and transient receptor
potential vanilloid type 1 receptor, and is an allosteric
modulator of u and & opioid receptors.’”’ It has been
approved by the Food and Drug Administration (FDA)
for seizure disorders affecting pediatric patients (Epi-
diolex [JAZZ/Greenwich Pharmaceuticals, Ireland]).

In a placebo-controlled trial in patients with func-
tional dyspepsia and normal gastric emptying of
solids, cannabidiol administered at a dose escalated to 10
mg/kg for 4 weeks (as recommended by the FDA for
seizure indication) was not superior to placebo in terms
of effects on gastric functions such as emptying of solids,
fasting and postprandial gastric volumes, and post-
prandial satiation. It also did not result in improvement
of pain-based patient response outcomes on the Nepean
Dyspepsia Index (quality of life). A borderline cannabi-
diol treatment-by-genotype (CBR1) interaction was
identified for one of the pain end points, the Leuven
postprandial distress score, although the clinical signifi-
cance will require replication.*!

A cannabidiol chewing gum (containing 50 mg can-
nabidiol) was tested in patients with IBS in a placebo-
controlled, crossover study based on visual analog
scale scores just before and 30 minutes after the start of
chewing a cannabidiol or placebo gum. Pain intensity
was estimated with a visual analog scale device con-
sisting of a stainless steel ruler. There was no significant
effect on pain score or quality of life."**

The FDA-approved formulation of cannabidiol also
was tested in 44 patients with gastroparesis and docu-
mented slow gastric emptying at baseline. In these pa-
tients, there was a significant slowing of gastric
emptying. However, cannabidiol significantly reduced
the total Gastroparesis Cardinal Symptom Index-Daily
Diary score averaged over 4 weeks, as well as the
perceived severity of gastroparesis, ability to finish a
meal, and vomiting episodes per 24 hours. There was a
borderline effect on upper abdominal pain. Cannabidiol
also was associated with significantly higher kilocalorie
ingestion to fullness and maximum tolerated calories
during a nutrient drink satiation test (ingestion at
30 kcal/min).***

Conclusions

Cannabinoids are associated with cannabinoid
hyperemesis syndrome and cyclic vomiting syndrome,
and appear to aggravate nausea and vomiting in preg-
nancy, but many patients experience benefit in terms of
relief of symptoms such as gastroparesis, nausea syn-
dromes, and IBD. Liberalization of availability appears to
be having some deleterious effects in terms of depen-
dence and other addictive behaviors. Clinical controlled
trials are documenting that cannabinoids, particularly
those targeting CB, receptors, have the potential for
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inflammatory and pain disorders as well as gastro-
paresis. Although the risk-benefit of cannabinoids in
gastrointestinal diseases requires further research, there
appear to be several promising leads that will individu-
alize which disease states constitute the most appro-
priate indications for use.
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