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ABSTRACT

Cannabidiol (CBD) is a non-intoxicating cannabinoid extracted from the cannabis plant that is used for medicinal purposes. Ingestion of CBD is
claimed to address several pathologies, including gastrointestinal disorders, although limited evidence has been generated thus far to sub-
stantiate many of its health claims. Nevertheless, CBD usage as an over-the-counter treatment for gastrointestinal disorders is likely to expand in
response to increasing commercial availability, permissive legal status, and acceptance by consumers. This systematic review critically eval-
uates the knowledge boundaries of the published research on CBD, intestinal motility, and intestinal motility disorders. Research on CBD and
intestinal motility is currently limited but does support the safety and efficacy of CBD for several therapeutic applications, including seizure
disorders, inflammatory responses, and upper gastrointestinal dysfunction (i.e., nausea and vomiting). CBD, therefore, may have therapeutic
potential for addressing functional gastrointestinal disorders. The results of this review show promising in vitro and preclinical data supporting a
role of CBD in intestinal motility. This includes improved gastrointestinal-related outcomes in murine models of colitis. These studies, however,
vary by dose, delivery method, and CBD-extract composition. Clinical trials have yet to find a conclusive benefit of CBD on intestinal motility
disorders, but these trials have been limited in scope. In addition, critical factors such as CBD dosing parameters have not yet been established.
Further research will establish the efficacy of CBD in applications to address intestinal motility.

Keywords: cannabidiol, intestinal motility, cannabinoids, gastrointestinal, irritable bowel syndrome, inflammatory bowel disease, functional
foods, plant bioactive

Introduction activity has been studied mechanistically as well as in clinical
studies to evaluate its impact on psychological disorders,
neurological disorders, cancers, and gastrointestinal diseases
[4]. Data supporting the anti-seizure effects of CBD provide
the most well-established evidence of a therapeutic role for
CBD [5]. In addition, studies report that CBD alleviates

Cannabis has been used for its medicinal properties for cen-
turies [1], and research on the mechanism of action and physio-
logical effects of specific cannabinoids have been conducted over
the past few decades. Among cannabinoids, cannabidiol (CBD)
has been more extensively studied, although somewhat limited in chemotherapy-induced nausea and vomiting, has analgesic
scope relative to other phytochemical bioactives (Figure 1). It was and anxiolytic effects, and reduces withdrawal and craving in
not until 2011 that PubMed results first exceeded 100 citations ~ Patients with substance use disorder [6-8]. A 2019 survey
per year for the search term “cannabidiol,” and the volume of reported 14% of US citizens use CBD products to address
articles written on this topic increased to 1008 by 2021 [2]. several issues, with most respondents using CBD to treat pain,

CBD is a non-intoxicating lipid-soluble phytocannabinoid anxiety, sleep, or arthritis [9]. There is an accumulation of
that is incorporated into popular supplements due to its pur- scientific evidence for CBD efficacy in treating these ailments,
ported health benefits [3]. Fundamental CBD biological although more studies are required to standardize optimal

Abbreviations: CBD, cannabidiol; CB1, cannabinoid receptor type 1; CB2, cannabinoid receptor type 2; Cpay, time to maximum concentration; DSS, dextran sulfate
sodium; ECS, endocannabinoid system; EFS, electrical field stimulation; FAAH, fatty acid amide hydrolase; GPR55, G protein-coupled receptor 55; IBD, inflammatory
bowel disease; IBS, irritable bowel syndrome; THC, A9-tetrahydrocannabinol; TNBS, trinitrobenzenesulfonic sulfuric acid; 5-HT, 5-hydroxytrptamine.
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FIGURE 1. Comparison of PubMed search results from 2000 to 2022 for the terms “cannabidiol” and “curcumin.”

dosing and delivery. Nevertheless, there is consistent evidence
for CBD improving clinical outcomes in anxiety disorders in
preclinical models, with a growing body of evidence of anxi-
olytic properties in humans with limited side effects [10]. This
anxiolytic effect may be related to other benefits such as
improving sleep quality. Furthermore, there is evidence for
CBD-mediated pain relief and treatment of arthritis [11,12].
Due to the many unknowns regarding CBD human subject
research (i.e., dose, delivery vehicle, etc.), standardized study
protocols have yet to be established or implemented, which
makes cross-study comparisons difficult.

Given the evidence that CBD mitigates chemotherapy-
induced nausea and vomiting, the extent to which CBD im-
proves bowel dysfunction is of broad interest and may contribute
to consumer enthusiasm for CBD. Other cannabinoids, such as an
enantiomer of A9-tetrahydrocannabinol (THC), dronabinol,
have been demonstrated to improve measures of fasting colonic
motility in participants with diarrhea-predominant irritable
bowel syndrome (IBS) [13]. These results were inconsistent in a
longer-term follow-up study [14] that did not indicate bowel
motility improvement. Moreover, dronabinol promotes an
intoxicating effect, which reduces consumer acceptability and
application [15].

In addition to supplements and food/beverages that incor-
porate CBD, a drug containing purified CBD, Epidiolex, intended
to treat rare forms of epilepsy was approved by the US FDA in
2018. Subsequently, and with increasing over-the-counter
availability, cannabidiol was removed from the federal list of
controlled substances by the US Drug Enforcement Administra-
tion after previous classification as a Schedule V substance [16].

CBD is not associated with major safety risks, although the US
FDA has declined to confer “Generally Recognized as Safe” status,
citing knowledge gaps regarding toxicity. Thus, this ambiguous
position lags behind public consumption, similar to the need to
increase the scientific understanding supporting cannabinoid

efficacy. Regardless, CBD is easily available and somewhat ubig-
uitously entrenched in the US food system as it is sold in the form
of candies, tinctures, and beverages. The global revenue for CBD
sales is forecasted to increase to over $5.3 billion by 2025, $3.4
billion of that being in North America [17].

As with many clinical studies that are conducted with much
higher concentrations of purified substances than typically
consumed, some mild to moderate adverse events were reported
for a minority of participants. This includes changes in somno-
lence, decreased appetite, diarrhea, hormone changes, decreased
fertility, and hepatic impairment; detailed accounts and analysis
of CBD-associated adverse events have been reviewed previously
[18-20]. Many of these side effects have been demonstrated at
higher dosing (>200 mg/kg body mass/d) which far exceeds
typical oral delivery methods (e.g., 5-20 mg gummy) and ex-
ceeds current maximum recommendations (20 mg/kg body
mass/d). A 2019 study reported no serious adverse effects of CBD
administration in participants with underlying hepatic impair-
ment, indicating that CBD use is generally tolerated [21].

The understanding of the absorption, metabolism, excretion,
and effects of CBD remain incomplete due, in part, to multiple
interactions between CBD and human physiology. There is po-
tential for drug-drug interactions, and thus, medical supervision
of CBD administration is justified in at-risk populations as is
generally recommended with supplements [22,23]. Compre-
hensive reviews of pharmacokinetic studies including the
metabolic fate of cannabinoids have been performed and are
reviewed elsewhere [24-26].

The endocannabinoid system

The endocannabinoid system (ECS) includes endocannabinoid
receptors, endogenous ligands (eg, anandamide and 2-arachido-
noylglycerol), and downstream metabolic products. Endocanna-
binoid receptors are found throughout the human body, including
the central nervous, immune, gastrointestinal, and respiratory
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systems. The exact physiological role of the ECS is currently being
investigated, although it has been implicated in immune, meta-
bolic, and nervous system homeostasis in addition to having a
regulatory role via the gut-brain axis [27-31].

CB1 and CB2 receptors are the best characterized G protein-
coupled receptors in the ECS, and CBD interacts with these re-
ceptors at low affinity [32-36]. Interestingly, CB1 receptors are
found in the enteric nervous system, specifically in the myenteric
plexus, which controls intestinal motility and is the focus of
several studies of IBS [37,38]. Polymorphisms in the CB1 gene
(CNR1) have been linked with IBS [14,39,40]. CB2 receptors, in
contrast, are more abundant in immune cells and have been
implicated in modulating inflammatory responses [36]. In
addition, G protein-coupled receptor 55 (GPR55) has been
linked to the ECS [41]. This receptor may potentiate actions such
as regulation of inflammation, pain, neurological function, can-
cer cell proliferation, as well as gastrointestinal motility [41-43].
GPR55 expression is most abundant in the adrenal glands,
jejunum, ileum, and parts of the central nervous system [42].

Fatty acid amide hydrolase (FAAH) degrades endocannabi-
noids, including 2-arachidonoylglycerol and anandamide [44].
Cannabinoid receptors (e.g., CB1) experience increased activa-
tion with FAAH inhibition [45,46]. Interestingly, CBD inhibits
FAAH to potentially increase levels of endocannabinoids, which
in turn act on endocannabinoid receptors [47]. FAAH is
expressed in both the small and large intestine and has been
postulated to contribute to gastrointestinal motility and homeo-
stasis [48]. A comprehensive review on the role of the ECS and
gastrointestinal motility has been extensively reviewed else-
where [48-50].

CBD may also interact with nonendocannabinoid receptors
involved in gastrointestinal function, such as those for 5-hydroxy-
tryptamine (5-HT), also referred to as serotonin. 5-HT receptors
are found throughout the gastrointestinal tract and modulate gut
motility [51,52]. The effect of 5-HT on gastrointestinal function
has been well established, and pharmaceuticals acting on 5-HT
receptors are used to treat functional gastrointestinal disorders
[51,53]. The effects of CBD on all subtypes of 5-HT receptors have
yet to be reported as research has focused primarily on in-
teractions with the 5-HT1A receptor. CBD activation of 5-HT1A
receptors has been implicated in its antidepressant, anti-
anxiolytic, antiemetic, and antinausea effects [54-57]. Finally, it
has also been proposed that CBD activates peroxisome
proliferator-activated receptor-y (PPAR-y), a receptor currently
understood to function external to the ECS and is involved in the
regulation of gastrointestinal and neurological homeostasis.
Additional research is required to fully characterize this interac-
tion; however, preclinical and human biopsy data have demon-
strated CBD activates peroxisome proliferator-activated
receptor-y while exerting neuroprotective and anti-inflammatory
effects [58,59].

Intestinal motility and motility disorders

Intestinal motility is controlled through smooth muscle
contractions induced by the enteric and central nervous system
[52]. These contractions move the contents of the intestines
through the digestive tract and are controlled through neuro-
humoral, electric, and cellular mechanisms. This induces
localized segmenting movements and powerful contractile
waves, known as mass peristalsis [52,60]. Hormones, including
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insulin, cholecystokinin, and gastrin are involved in intestinal
motility in addition to neurotransmitters (e.g., serotonin and
acetylcholine) [52]. Irregularities in intestinal motility are often
associated with inflammatory processes, such as during colitis,
that could impact multiple aspects of the system.

IBS is a functional gastrointestinal disorder characterized by
pain and changes in stool frequency, which can be subtyped into
diarrhea (hypermotility), constipation (hypomotility), or mixed
predominance [61]. It is estimated that the prevalence of IBS in
the general population is ~5% to 10% [61,62]. The pathophys-
iology of IBS remains poorly defined, and its etiology is likely
multifactorial [63]. Several studies have investigated the role of
subclinical inflammation as part of its etiology [64,65].

Inflammatory bowel disease (IBD) is a chronic inflammatory
disorder that is either localized in the colon and rectum (ulcer-
ative colitis) or impacts the entire gastrointestinal tract (Crohn’s
disease). A common symptom of both forms of IBD is diarrhea
and clinical inflammation [66]. Altered gastrointestinal motility
and functional motility disorders can be present in patients with
IBD and often overlap or are confused with symptoms secondary
to inflammation [62,66].

CBD may mitigate upper gastrointestinal dysfunction, such as
nausea and vomiting, and interacts with a variety of receptors
implicated in intestinal motility. This is in addition to the anxi-
olytic properties of CBD, which may be helpful in addressing IBS,
which is associated with elevated anxiety [67]. Accordingly,
selective serotonin reuptake inhibitors used to treat anxiety have
exhibited efficacy in addressing IBS, most notably
constipation-predominant IBS, by increasing motility. Additional
pharmaceuticals, such as alosetron, treat diarrhea-predominant
IBS by targeting 5-HT receptors, and it is possible that CBD in-
teractions with ECS receptors may be a therapeutic option in IBS
and other functional gastrointestinal tract disorders related to
intestinal motility. This review summarizes current research on
the use of CBD in intestinal motility as well as identifies
knowledge gaps for future research.

Methods

Eligibility criteria

Studies in which CBD was administered, applied, or otherwise
utilized in vitro or in vivo with the aim of studying intestinal
motility were included. This comprises purified CBD and full
spectrum extract, which may contain other cannabinoids, ter-
penes, and flavonoids in lesser concentrations than CBD. Studies
were excluded that used CBD without any measures of intestinal
motility as well as studies of other cannabinoids, including the
synthetic cannabinoid and structural isomer of CBD often
referred to as “abnormal CBD.” Published primary literature was
included, and no publication date restriction was imposed. Case
reports and review articles were excluded. PubMed and
ClinicalTrials.gov databases were searched from inception to
December 14, 2021, and the reference lists of the identified ar-
ticles were reviewed. The databases were searched again on
December 7, 2022 to identify any additional articles.

Search
The following search terms were used in PubMed and the
ClinicalTrials.gov databases: cannabidiol; CBD; motility;
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intestine; inflammatory bowel disease; IBD; IBS; irritable bowel
syndrome; colitis; colon; colorectal; intestinal inflammation; gut;
microbiome; and microbiota. See Supplemental Material 1 for an
exhaustive list of search terms. Databases were searched from
inception to December 14, 2021 and the search was updated on
December 7, 2022.

Study selection

The online article search application, Rayyan, was utilized to
manage search results [68]. After database searching, all article
titles and abstracts were reviewed, and those that clearly did not
address the review purpose and meet the a priori inclusion
criteria were excluded from further review. The remaining arti-
cles were subjected to a full text review to determine inclusion
eligibility.

Intestinal motility measures

Lack of standardization in methods and outcome measures
CBD research limited the specificity of intestinal motility mea-
sures defined by the authors. Stool frequency and consistency,
along with disease activity scores aimed at assessing intestinal
function, meal passage rates/transit, and measures of intestine
membrane potential and contractile forces were included in the
definition of intestinal motility measurements.

Data extraction

Information from included articles was chosen for its rele-
vance to CBD and intestinal motility as specified in the review
purpose and inclusion/exclusion criteria.

Risk of bias

Due to the relative increase in recent CBD research and
nonuniformity in the field overall, bias was unable to be assessed
across studies. Moreover, the majority of CBD research has thus
far been conducted with in vitro or animal models. It is generally
understood that these models may not be fully predictive of
human physiological responses.

Results

Article search results

A PRISMA diagram displaying the flow of articles through the
selection process is shown in Figure 2. The initial search iden-
tified 1263 results, which included 530 duplicates. After title and
abstract screening, 68 articles remained for full text review.
Forty-seven articles were excluded due to lack of motility mea-
surements, CBD was not used, excluded publication type, or the
data were not reported. After full text examination, 21 articles
remained to be reviewed fully. Articles that met criteria and were
fully examined are summarized in Table 1.

in vivo studies investigating the effect of CBD on
intestinal motility
Meal passage, meal transit, and geometric center measure
distance and relative speed of travel through the intestines
One of the first studies investigating the effect of CBD on in-
testinal motility was performed in 1973 by Chesher et al. [69].
Motility was assessed by measuring charcoal meal passage rates in
mice. Animals were sacrificed 15 min after charcoal meal
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Analyses (PRISMA) flow diagram.

administration. Purified CBD (6-30 mg/kg; oral delivery) did not
significantly affect passage rates, though a full spectrum cannabis
extract reduced transit time [69]. In a 1989 study, similar results
were obtained when CBD was delivered using intravenous
administration, without a discernible effect on intestinal transit of
aradioactive marker [70]. The findings of these studies contradict
a 1974 study which observed that orally delivered CBD reduced
intestinal transit of charcoal meal in mice (10 mg/kg; oral de-
livery). When additional doses up to 50 mg/kg CBD were tested no
effect was found, indicating a bell-shaped dose-response curve
[71]. The oral administration vehicle of both Chesher etal. [69] (n
= unreported) and Anderson et al. [71] (n = 15-50 per condition)
was lissapol dispersal. Both studies used the same protocol for
cannabidiol and charcoal meal administration and assessment of
charcoal meal passage (percentage of small intestine traveled);
however, the mice strains and sex did differ, which may have
contributed to the varying results. In addition, the sample size
used in the 1973 study was unreported.

In 2013, a study investigated the effect of high THC and high
CBD isolates from hemp flower extracted by boiling water. The
cannabinoid content of the extracts was not reported, and the
mice were provided with the extract ad libitum [72]. It was
found that a charcoal meal marker traveled significantly less
distance through the intestines when mice were provided with
the high CBD hemp extract compared to the control, indicating
CBD may slow intestinal transit. Study limitations include the
extraction method, as the lipid-soluble CBD is not readily
extracted by water unless pressurized, and unknown dosing must
be considered when interpreting these results [72].

Intestinal transit alterations following croton oil-induced
hypermotility have been attenuated by CBD in multiple studies
[73,74]. Capasso et al. [74] reported that CBD (5, 10 mg/kg;
intraperitoneal) reduced the geometric center of a
rhodamine-B-labeled dextran solution in croton oil-treated mice.
Pagano et al. [73] reported that CBD has a protective effect against



TABLE 1

Characteristics and findings of the effect of CBD on intestinal motility.

Study Design Motility Assessment Additional CBD dose, Effects on Motility Related Parameters Summary
Treatment route
Cluny et al., in vitro/ex vivo Resting tissue tension AM251 10 nM-30 pM, Carbachol response reduction CBD | resting tissue tension in all parts of the
2011 [88] (grams tension, S. murinus AM630 organ bath (% reduction): intestine
whole intestine) TTX CBD (3 pM) + carbachol (10 pM, 30 pM) on CBD | contraction response to carbachol &
Carbachol and EFS proximal intestine: 14.3 + 3.3%, 13.9 + 3.3%, EFS
contractile response respectively CBD | contraction response to KCl
(grams tension, S. murinus CBD (10 pM) + carbachol treated proximal and AM251, AM630, & TTX did not modify effect
whole intestine) central intestine: contractions | significantly* of CBD
KCI response (grams CBD (10 pM) + carbachol on terminal intestine:
tension, S. murinus whole | contractions significantly*
intestine) EFS:
CBD (10 pM) at 4-20 Hz on proximal & central
intestine: | contractions significantly (4 Hz*, 10
Hz*, and 20 Hz**)
KCl response:
CBD (10 pM) decreased contraction response to
KCl in all parts of the intestine***
CBD + TTX or CB antagonist response:
TTX and the CB antagonists did not modify the
effect of CBD
Jamontt et al., in vitro/ex vivo Spontaneous activity Carbachol 5-20 mg/kg, Spontaneous contractions, amplitude (gram/ TBNS | amplitude & duration of spontaneous
2010 [90] (amplitude & duration, THC ip gram dry tissue weight); duration (seconds): contractions in rat colon strips & carbachol
Charles River Wistar rat TNBS Control (no TNBS tx): 195 + 19;

colon segments)
Carbachol response; EFS
contractile response
(potency and duration;
amplitude, Charles River
Wistar rat colon
segments)

26.9 +1.7

Vehicle (TNBS tx): 37 £ 5; 62.8 4+ 4.5

CBD 10 mg/kg: 67 + 11%;

46.2 + 6.5*

CBD 20 mg/kg: 55 + 10;

38.7 + 2.8*

CBD (10 mg/kg) + THC (5 mg/kg): 66 + 10;
46.3 + 3.4*

CBD (10 mg/kg) + THC (10 mg/kg): 89 + 9%;
44.5 + 5.6*

Carbachol response, potency (LogEC50); max
contraction (gram/gram dry tissue weight):
Control: 6.76 + 0.24; 329 + 35

Vehicle: 7.06 + 0.30; 107 + 11

CBD (10 mg/kg): 6.52 + 0.39; 230 + 45*
CBD (10 mg/kg) + THC (10 mg/kg): data
reported in figure*

EFS:

CBD alone no significant effect

CBD (10 mg/kg) + THC (10 mg/kg): data
reported in figure*

response

CBD 1 amplitude & duration of spontaneous
contractions in colon strips from TNBS
treated rats

CBD -+ THC t amplitude & duration of SC in
colon strips from TNBS treated rats

CBD 1 contractions to carbachol in colon
strips from TNBS treated rats

CBD did not impact the tissue response to
EFS; CBD + THC had a significant effect
CBD doses followed a bell-shaped activity
curve & CBD + THC demonstrated an
additive effect

(continued on next page)
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TABLE 1 (continued)

Study Design

Motility Assessment

Additional
Treatment

CBD dose,
route

Effects on Motility Related Parameters

Summary

Li, 2013 [76] in vitro/ex vivo

& in vivo

De Filippis in vitro/ex vivo
et al., 2008 & in vivo
[75]
Chester et al., in vivo
1973 [69]
Anderson in vivo
et al., 1974
[71]
Sabo et al., in vivo
2013 [72]

Evans blue solution
(whole gut transit %,
Charles River CD1 mice)
Time to colonic bead
expulsion (% of control,
Charles River CD1 mice)
EFS contraction response
(Charles River CD1 mouse
ileum & colon segments)

Glass bead transit (GC,
swiss OF1 mice)
Contractile response
(swiss OF1 mouse
jejunum)

Charcoal meal passage (&
transit, SW mice)
Charcoal meal passage
rate (% transit of control,
SW mice)

Charcoal meal passage
rate (cm from cecum,
NMRI-Haan mice, in vivo)

In vivo: 0-1602,
WIN55,212-2

In vitro: 0-1602,
WIN55,212-2

In vivo: AM251, LPS
In vitro: Capsaicin

N/A

THC
Cannabinol

N/A

In vivo: 0.5
mg/kg, i.p;
20 pg, i.c.v.
In vitro:
0.001-0.1 pM

Invivo: 10 mg/
kg, i.p.

In vitro:
0.01-10 uM

6-30 mg/kg,
oral gavage
0-50 mg/kg,
oral gavage

Unknown, oral
in water

Whole gut transit (% of control), in vivo:
CBD (0.5 mg/kg, IP): Counteracted effect of O-
1602*

CBD (20 pg ICV): Counteracted effect of O-1602*
and WIN55,212-2*

Time to bead expulsion (% of control), in
vivo:

CBD (0.5 mg/kg, IP) + 0-1602: significantly
decreased compared to 0-1602 group*

EFS contraction response, in vitro:

CBD (0.1 pM) (colon): 37.6 + 5.7%*

CBD (0.001-0.01 pM) + 0-1602 (ileum): CBD
blocked the inhibitory effect of O-1602 (data
reported in figure)*

CBD (0.01 pM) + 0-1602 (colon): CBD blocked
the inhibitory effect of O-1602 (data reported in
figure)*

Geometric center (GC), in vivo:

Control (no LPS): CBD did not have a significant
effect on the GC

LPS: Significant reduction in GC compared to
control*

LPS + CBD: Significant reduction in GC
compared to control* and LPS alone*

LPS + CBD + AM251: Significant reduction in
GC compared to control*

Contraction response, in vitro:

CBD did not induce any contraction.

Inactive all doses, values not reported

Passage rate (distance traveled % of control):
Control: 100 + 2.9

CBD 10 mg/kg: 82.8 + 2.4* significantly less
than control

CBD + THC (10 mg/kg each): 48.5 + 2.4*
significantly less than CBD + cannabinol (10
mg/kg each) and THC + cannabinol (10 mg/kg
each), significantly more than THC + CBD (10
mg/kg and 40 mg/kg respectively)

Charcoal meal distance from cecum (cm):
Control: 10.85 + 1.63

Industrial Hemp: 26.5 + 9.90

0-1602 and WIN55,212-2 | whole gut transit
and colonic bead expulsion

CBD alone had no effect on whole gut transit
CBD blocked effect of O-1602 on whole gut
transit and bead expulsion

CBD | EFS contraction response in colon at
the highest dose tested

CBD blocked the effect of 0-1602 in the
colon and ileum

GC was calculated as = (%beads per segment
x segment number)/100

LPS | geometric center (GC)

CBD had no effect on GC of control mice
CBD further reduced the GC of LPS treated
mice

CBD failed to induce contractions in mouse
jejunal segments

LPS significantly increased FAAH expression
CBD significantly reduced FAAH expression
in LPS treated mice

CBD did not affect charcoal meal passage
rate

CBD | the % transit of a charcoal meal

CBD followed a bell-shaped activity curve
Additional cannabinoid interactions were
identified such as those between THC,
cannabinol, and cannabidiol on % transit.

CBD | the distance traveled by a charcoal
meal

Extraction method limitations, unknown
dosing

(continued on next page)
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TABLE 1 (continued)

Study

Design

Motility Assessment Additional

Treatment

CBD dose,
route

Effects on Motility Related Parameters

Summary

Pagano et al.,
2016 [73]

Shook and
Burks, 1989
[70]

Linetal., 2011
[771

in vivo

in vivo

in vitro/ex vivo
& in vivo

Charcoal meal passage
rate (transit % of total
length SI, ICR mice)

Croton oil (CO)

Radioactive marker N/A
passage rate (% inhibition

of small intestine transit,

ICR mice)

Charcoal meal passage LPS
(C57/BL mice, % transit

of SI)

SI myoelectrical activity
(frequency and

amplitude, Sprague-

Dawley rat jejunum)

Spontaneous contraction
response (% control,
Sprague-Dawley rat ileum

and colon)

Membrane potential

(mouse jejunum)

5-60 mg/kg,
oral gavage
1-10 mg/kg,
i.p.

Dose not
reported, i.v.

In vivo: 1 mg/
kg, i.p.
In vitro:
0.001-0.1 uM

Passage rate (transit %) CBD Botanical Drug
Substance (CBD BDS):

CBD BDS (10* mg/kg, IP): significant reduction
in transit % of healthy mice

CO: Increased transit %*

CBD BDS (1%, 2.5%**, 5%** 10%** mg/kg, IP) +
CO: significant reduction in transit % compared
to CO alone

CBD BDS (5** & 10*** mg/kg, IP) + CO:
significant reduction compared to control (no
CO)

CBD BDS (10***, 30%, 60** mg/kg, oral):
significant reduction in transit % of healthy mice
CBD BDS (5**, 10***, 30***, 60*** mg/kg, oral)
-+ CO: significant reduction in transit %
compared to CO alone

CBD BDS (10**, 30**, 60*** mg/kg, oral) + CO:
significant reduction in transit % compared to
control (no CO)

Passage rate (transit %) CBD:

CBD (5** & 10* mg/kg, IP) + CO: significant
reduction in transit % (data reported in figure)
CBD (5** mg/kg, oral) + CO: significant
reduction in transit % (data reported in figure)
% inhibition of small intestine (SI) transit
CBD had no effect of SI transit %, data reported
in figure, exact values unknown

SI myoelectrical spiking activity (SA) (% of
control frequency & amplitude), in vivo:
LPS + CBD: Frequency and amplitude
significantly higher than LPS**

Passage rate (SI transit % of control), in vivo:
LPS: 74.2 + 3.6%* Significantly decreased
compared to control

LPS + CBD: 124.5 + 9.4%* Significantly
increased compared to LPS

Spontaneous Contraction response (% of
control), in vitro:

LPS (ileum): 59.6 + 7.4** Significantly
decreased compared to control

LPS (colon): 151.1 + 27.6* Significantly
increased compared to control

LPS + CBD (0.001 pM*, 0.01 pM**, 0.1 pM**
mol/L): Significantly increased % contraction
compared to LPS group in both the ileum and
colon tissue

Membrane potential (MP), in vitro:

CBD did not significantly affect the MP or
amplitude of slow waves.

% Transit was calculated by the distance the
charcoal traveled in the small intestine

The CBD BDS was 63.9% CBD

Croton oil (CO) 1 transit %

CBD BDS (i.p. and oral) | transit % in both
control mice and CO treated mice

CBD (i.p. and oral) | % transit in CO treated
mice but not of healthy controls

CBD did not affect SI transit %

LPS | frequency and amplitude of SA

CBD pretreatment 1 frequency and
amplitude of SA in LPS treated rats

LPS | charcoal meal transit %

CBD pretreatment 1 meal transit % in LPS
treated mice

CBD normalized spontaneous contraction
response in mouse ileum and colon segments
CBD did not affect membrane potential

(continued on next page)
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TABLE 1 (continued)

Study Design Motility Assessment Additional CBD dose, Effects on Motility Related Parameters Summary
Treatment route
Capasso et al., In vitro Rhodamine-B-labeled In vivo: Croton oil, In vivo: Geometric center (GC) score of 1-10, in vivo: GC was calculated as X (fraction of
2008 [74] & in vivo dextran (geometric center SR144528, naloxone, 1-10 mg/kg, Control (no croton oil): 4.91 + 0.43 fluorescence per segment x segment number)
of SI, ICR mice) yohimbine, AA-5-HT, i.p. Croton 0il (CO): 6.65 4 0.41 (P < 0.05 vs Croton oil 1 the geometric center
Contractile response (ICR loperamide In vitro: control) CBD | the GC of croton oil treated mice
mouse terminal ileum) In vitro: ACh 0.01-100 pM CO + CBD (5 mg/kg): 5.01 + 0.36* A CB2 antagonist, opioid receptor
CO + CBD (5 mg/kg) + CB2 antagonist: 4.99 + antagonist, and a2-adrenoceptor antagonist
0.38* did not modify the effect of CBD
CO + CBD (5 mg/kg) + naloxone: 4.98 + 0.44* CBD did not have an additive effect when
CO + CBD (5 mg/kg) + yohimbine: 4.97 + 0.43* administered with a FAAH inhibitor
CO + CBD (5 mg/kg) + AA-5-HT: significantly CBD reduced ACh induced contractions in
decreased GC (values not shown) control and croton oil treated mouse ileum
CO + CBD (10 mg/kg): significantly decreased segments, however, the control and croton
the GC oil tissue % inhibition did not significantly
Contractile response (% inhibition), in vitro: differ from one another.
Significantly decreased ACh induced CBD effected only croton oil treated mice in
contractions in control and croton oil treated vivo but both control and treated mice in vitro
tissue, however not significantly different from
one another
Wei et al., in vitro/ex vivo Charcoal passage (% of TNBS In vivo: 1 mg/ Charcoal passage (% of control), in vivo: TNBS | charcoal meal passage %
2020 [78] & in vivo control, Sprague-Dawley kg, i.p. TNBS: Decreased compared to control** CBD had no effect on control mice charcoal
rat) Invitro: 0.1 pM TNBS + CBD: Increased compared to TNBS** meal passage %
Disease activity index Disease activity index (DAI) score, in vivo: CBD 1 the charcoal meal passage % in TNBS
score (C57/BL mice) TNBS: Increased DAI significantly compared to treated mice
Contraction response to control** DAI score included weight loss, diarrhea, &
EFS (% if control, TNBS + CBD: Decreased DAI compared to bleeding.
Sprague-Dawley rat TNBS** TNBS 1 the DAI
colon) EFS contraction response (% of control), in CBD | the DAI of TNBS treated rats
Membrane potential vitro: TNBS 1 contraction response in vitro
(colon, Sprague-Dawley TNBS significantly increased contraction** CBD blocked the effect of TNBS on EFS
rat colon) CBD alone increased contraction® induced contractions
CBD decreased contraction compared to TNBS** CBD exerted an effect on EFS contractions of
Membrane potential, in vitro: control tissue
CBD did not affect membrane potential. CBD did
not alter the impact of TNBS on membrane
potential.
Schicho et al., in vivo Macroscopic assessment TNBS 10 mg/kg, i.p. Macroscopic scoring: Diarrhea was one for seven variables in the
2012 [81] (change in score, CD1 20 mg/kg, i.g. TBNS + CBD, i.p.: significant reduction* macroscopic scoring. i.p. and i.r.
mice, in vivo) (intragastric) TNBS + CBD, i.g.: not significant administered CBD | macroscopic score
&ir. TNBS + CBD, i.r.: significant reduction* significantly
(intrarectal)
Becker et al., in vivo Murine endoscopic index DSS 10 mg/kg, oral Murine endoscopic index of colitis severity Stool consistency was one for the four
2021 [82] of colitis severity (change TNBS gavage (MEICS): variables of the MEICS

in score, C57BL/6 mice)
Stool score (change in
score, C57BL/6 mice)

TNBS: increased score

TNBS + CBD: no significant change

TNBS + CBD + THC (10 mg/kg): significant
reduction®***

Stool Score:

DSS: increased stool score

DSS + CBD: no significant change

DSS + CBD + THC (10 mg/kg): significant
reduction®***

TNBS 1 MEICS score

CBD did not attenuate TNBS or DSS induced
colitis scores

CBD + THC | MEICS and Stool Score

THC was as effective alone as in combination
with CBD

(continued on next page)
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TABLE 1 (continued)
Study Design Motility Assessment Additional CBD dose, Effects on Motility Related Parameters Summary
Treatment route
Yekhtin et al., in vivo Clinical score (change in DSS CBD, 5 mg/kg, Difference between DSS group and all Clinical score was calculated from: stool
2022 [79] score, C57BL/6 mice) THC i.p. every cannabinoid treatment groups*** score, rectal score, and general clinical
THC-extract other day for Difference between purified CBD and extract*** parameters
10 days Difference between purified CBD and purified Significant reduction in clinical score with
CBD-extract THC* both purified CBD and CBD-extract
(36% CBD, CBD-extract decreased the clinical score
1.3% THC), 5 more significantly than the purified CBD
mg/kg, i.p. Purified THC decreased the score more
every other significantly than purified CBD
day for 10
days
Silvestri et al., in vivo Disease Activity Index DSS 0.3-10 mg/kg, Disease Activity Index (DAI): The DAI score was assessed by stool
2020 [83] (change in score, CD1 Fish oil (FO) oral gavage DSS + FO + CBD (1 mg/kg): significant consistency and blood in stool
mice, in vivo) reduction compared to DSS treated mice* CBD alone did not affect the DAI
CBD + fish oil | DAI
CBD activity followed a bell-shaped curve
Fride et al., in vivo Defecation rate (maximal NA 20 mg/kg, i.p. % Maximal possible effect (MPE) = Vehicle- CBD did not affect defecation rate in mice
2005 [80] possible effect %, Sabra Experiment/Vehicle x 100:
mice) CBD: 0%
Naftali et al., Human Crohn’s disease activity N/A 20 mg/day for Crohn’s disease activity index (CDAI) Score: CDAI score had 2 of 8 variables relating to
2017 [85] parallel group index (change in score) 8 weeks, CBD treatment group (after treatment): 220 + defecation patterns
RCT sublingual 122 Reduction in CDAI score was not significant
(olive oil) Placebo treatment group (after treatment): 216 Side effects/adverse effects did not differ
+ 121 between CBD and placebo group
Irving et al., Human Mayo score (total and N/A Up to 500 mg/ Total Mayo score: Total mayo score includes stool frequency,
2018 [84] parallel group partial score) day for 10 CBD botanical extract: decrease from baseline, rectal bleeding, endoscopy assessment,

RCT weeks (2 however not significant physician rating of disease activity; partial
weeks Partial Mayo Score: mayo score does not include endoscopy
escalation, 8 CBD botanical extract: Significant decrease from assessment
weeks baseline* The mean daily dose the CBD botanical
maintenance), extract was approximately 300 mg/day
oral (gelatin The CBD botanical extract group took fewer
capsule) capsules and had more protocol compliance

deviations than the placebo group
The CBD botanical extract group had a 1 % of
AEs compared to the placebo group, the
majority were mild to moderate
CBD botanical extract | partial mayo score
significantly
CBD botanical extract 1 IBD quality of life
assessment but was not statistically
significant

Naftali et al., Human Bowel movement per day N/A 80 mg/day for Bowel movements per day: The CBD extract contained 16% CBD and 4%

2021 [86] parallel group (change in number) 8 weeks, CBD (visit 3): 2.5 THC
RCT sublingual Placebo (visit 3): 3 CBD did not significantly alter bowel

(cannabis oil)

No significant differences in bowel movements/
day between groups

movements per day compared to the placebo
group

No significant adverse effects were found in
the CBD group compared to the placebo
group

(continued on next page)
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mice. The authors reported CBD itself did not affect bead
expulsion, although CBD (0.5 mg/kg; intraperitoneal) did block
the effects of 0-1602.

Schicho and Storr [81] used a macroscopic scoring system that
included diarrhea as 1 of 7 variables for mice with TNBS-induced
colitis. CBD administered intraperitoneally (10 mg/kg) and
intrarectally (20 mg/kg) significantly reduced the macroscopic
colitis score; however, intragastric (20 mg/kg) administration did
not have a significant effect. Wei et al. [78] also reported that CBD
(1 mg/kg; intraperitoneal) reduced the effects of TNBS in mice
using a scoring system. The disease activity score included mea-
sures of body weight loss, diarrhea, and bleeding and was signif-
icantly lower in animals pretreated with CBD (1 mg/kg;
intraperitoneal). Becker et al. [82] used a murine endoscopic
index of colitis severity (MEICS) and stool score to evaluate orally
administered CBD on TNBS and DSS-induced colitis. Stool con-
sistency was 1 of 4 variables included in the MEICS. The findings
agreed with those of Schicho and Storr [81] in that orally deliv-
ered CBD (10 mg/kg) was ineffective at counteracting the effect of
TNBS on the MEICS or DSS on the stool score. CBD (10 mg/kg;
oral) did have a significant effect when administered with THC
(10 mg/kg; oral), although THC alone exhibited similar efficacy
[82]. Silvestri et al. [83] reported that orally delivered CBD
(0.3-10 mg/kg) lacked an effect on the disease activity index,
which was assessed using a diarrhea stool score and bloody stool
score in DSS-treated mice. CBD in combination with fish oil,
however, significantly reduced the disease activity index. Inter-
estingly, fish oil alone did not significantly reduce the disease
activity index to suggest a synergistic effect.

Limited human studies have not yielded conclusive
impact of CBD on intestinal motility

Four studies, with relatively small sample sizes (n = 19-62),
have investigated the impact of CBD on gastrointestinal motility
in human participants, and only one found a statistically signif-
icant improvement in aberrant motility measurements. Irving
et al. [84] reported that CBD-rich C. sativa extract (<500 mg/d,
mean 300 mg/d, x 10 wk) improved the partial Mayo score of
participants with ulcerative colitis. The partial Mayo score
included stool frequency, rectal bleeding, and a physician global
assessment of illness severity.

Two studies have investigated the impact of sublingual CBD
supplementation in patients with Crohn’s disease. Neither found
an impact of CBD on the Crohn’s disease activity index (20 mg/
d x 8 wk) or the number of bowel movements per day (80 mg/
d x 8 wk) [85,86].

Participants with diarrhea-predominant IBS were provided
with up to 300 mg/d CBD for 2 weeks in chewing gum. CBD was
not associated with any significant effects or changes in gastro-
intestinal function including defecation patterns. Challenges
using CBD chewing gum were noted, including participant
adherence to chewing time guidelines (30 min), number of
doses/gums taken, and reports of unpleasant air ingestion
rendering the delivery method potentially ineffective [87].

in vitro and ex vivo studies of CBD impact on
intestinal motility

in vitro and ex vivo studies investigate the role of CBD in
regulating gastrointestinal motility to advance preclinical and
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inform clinical research. It is widely acknowledged that these
models lack the complexity of in vivo studies, although human
research has been restricted by the evolving regulatory posture
on cannabinoid research.

Electrical field stimulation assesses the effect of CBD on
contractile responses

Gastrointestinal tract muscle contractions are ultimately what
controls intestinal motility. Electrical field stimulation (EFS) is a
method to quantify the impact of exogenous compounds on the
contractile response. Accordingly, Cluny et al. [88] reported that
CBD (10> M) significantly reduced EFS-induced contraction in
proximal and central intestine tissue of Suncus murinus at high
frequencies of stimulation (4-20 Hz) but not low frequencies.
The varied responses to different frequencies suggest CBD in-
fluences motility during specific myoelectrical activity patterns,
although this remains speculative. CBD did not modify the
response induced by EFS in S. murinus terminal intestine tissue
[88,89]. The effect of CBD (1 07 M) on specific parts of intestinal
tissue was demonstrated to reduce EFS-induced contractions in
the murine colon but not ileum [76].

CBD counteracts effects of TNBS-induced colitis in an organ
bath model. More specifically, CBD (1 07 M) blocks contraction
response to EFS (10 Hz) when treated with TNBS in the colon.
CBD also significantly increased the contraction response in the
absence of TNBS [78].

The effect of in vivo CBD treatment on in vitro measures of
motility was assessed by Jamontt et al. [90]. CBD (5-20 mg/kg;
intraperitoneal) did not affect EFS responses in intestinal seg-
ments in mice treated with TNBS (1-15 Hz); however, CBD/THC
(both 10 mg/kg; intraperitoneal) significantly increased relaxa-
tion and contraction to EFS toward the control values [90]. An
additive effect was demonstrated for CBD (10 mg/kg; intraper-
itoneal) and THC (5 mg/kg; intraperitoneal) and reached sig-
nificance in the relaxant response at 15 Hz [90].

CBD varies in influence on chemically induced contractions

Carbachol mimics the effects of acetylcholine, which is a
neurotransmitter that facilitates gastrointestinal contractions and
motility [91]. The contraction response to carbachol was signifi-
cantly reduced when CBD was applied to intestinal segments of
the proximal (3 x 10°Mand 10° M CBD), central (10> M CBD),
and terminal (10> M CBD) segments of S. murinus [88]. Contra-
dictory results were reported when mice were provided with CBD
prior to sacrifice, rather than being directly applied to intestine
segments postmortem. Jamontt et al. [90] reported that CBD had a
beneficial effect on aberrations in carbachol response subsequent
to TNBS treatment. CBD treatment counteracted the effects of
TNBS treatment, which had decreased carbachol response in in-
testinal tissue. CBD (10 mg/kg; intraperitoneal) and CBD/THC (10
mg/kg; intraperitoneal each) both significantly increased the tis-
sue response to carbachol. The combination of CBD/THC induced
a greater response than THC (10 mg/kg) alone [90].

Capasso et al. [74] reported that CBD (1 07°-0.1 M) itself had
no effect on baseline tissue contractility. However, when
acetylcholine was used to induce contractions, CBD significantly
decreased contractions in mouse ileum segments in a
dose-dependent manner in tissue from healthy mice and mice
treated with croton oil, which was used to induce inflammation
[74]. A similar lack of a contraction response to CBD in mouse
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ileum and colon tissue were reported using concentrations of
10° and 10® M (76). CBD (10°®-10" M) also failed to induce
contractions in mouse jejunum tissue [75]. Contradictory results
were reported by Cluny et al. [88], who found that CBD
(10®-3x10" M) reduced resting tissue contractions in all parts
of S. murinus intestines in a dose-dependent manor with signifi-
cance reached at >10° M CBD.

Spontaneous activity as a measure of anomalous contractility
in intestine tissue

Spontaneous activity of tissue is a measure of the amplitude of
contraction in the absence of stimulation. These unstimulated
events may shed light on aberrations in contractile function, thus
motility, and can be compared between treatments/conditions
both in frequency and magnitude. CBD attenuated aberrations in
spontaneous activity of animals treated with LPS and TNBS, both
when CBD was applied to excised tissue and provided via
intraperitoneal injection to the animals prior to sacrifice [77,90].
Application of CBD (10°-107 M) directly to tissue normalized
spontaneous contractions that had been disrupted by LPS in rat
ileum and colon segments [77].

Segments with TNBS-induced colitis had a significant reduc-
tion in amplitude and increased duration of spontaneous con-
tractions. CBD (10 mg/kg; intraperitoneal) and CBD/THC (both
10 mg/kg; intraperitoneal) significantly increased the ampli-
tude. CBD (10 or 20 mg/kg; intraperitoneal) and varying relative
concentrations of CBD/THC significantly reduced duration [90].
Membrane potential is also a measure of muscle tissue activity;
however, two studies have reported CBD (1 07 M) does not
significantly affect membrane potential, either mouse jejunum
[77] or rat colon [78].

Discussion

The effectiveness of CBD as a therapeutic intervention varies
by condition, dosing, delivery method, and inflammatory sta-
tus, along with other unidentified factors. To date, there is
limited evidence for CBD ameliorating gastrointestinal symp-
toms of both IBS and IBD in humans [84-87] based on the four
human studies with vastly differing doses and administration
routes identified during this systematic review. The dosing
between these studies have varied from 20 to 500 mg/d of CBD.
It has been proposed CBD has a bell-shaped activity curve, and
it is possible that the active dose of CBD was not utilized in
these studies [71,90,92].

Along with difficulty in determining an active dose, addi-
tional factors such as dietary intake, delivery route, and the
specific formulation of CBD impacts its bioavailability. CBD is a
hydrophobic molecule and has a high rate of phase 1 metabolism
[25,93]. Currently, there is a knowledge gap on the biological
activity of CBD metabolites [25]. One of the few studies on CBD
derivatives reported that 7-COOH-CBD decreased defecation
rates in mice [80]. Therefore, there is preliminary evidence that
CBD metabolites could contribute to the global effects of CBD
administration. Future research will define the role of CBD me-
tabolites on human physiological function.

Delivery route, such as oral, sublingual, or inhalation, in-
fluences the concentration of cannabinoids that reach systemic
circulation and avoid phase 1 metabolism. The oral bioavail-
ability of CBD is comparatively low compared to smoking, which
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is between two to eight times higher [26]. Inhalation of vaporized
CBD may lead to even higher bioavailability, although additional
research is needed to assess methods of CBD administration using
standardized metrics. Orally delivered CBD may have too low of a
bioavailability to exert a measurable effect on disease activity
scores in animal models [81-83]. Interestingly, when coad-
ministered with fish oil, CBD was demonstrated to not only
significantly improve disease activity but also markers of intes-
tinal inflammation and intestinal barrier function to suggest a
potential synergistic effect to be investigated in follow-up studies.

CBD has been demonstrated in vitro to have varying effects
based on the specific location of the intestine into which it is
introduced [76,88]. Moreover, CBD modulates intestinal
motility in a contrasting manner between in vitro and in vivo
models in the studies performed to date. Regardless, if this is due
to the limited research in this developing field, these contrasting
results limit the conclusions that can be applied to in vivo func-
tion from in vitro research [74,78]. Both Capasso 2008 and Wei
2020 reported contradicting results of CBD treatment between in
vitro and in vivo intestinal motility models [74,78].

Large interindividual variations have hindered conclusions
on the impact of CBD delivery methods [94]. Enhanced oral
delivery systems, such as nanoemulsions, have been demon-
strated to increase bioavailability [95] and could target specific
anatomical sites of activity with customizable time release
characteristics. Encapsulation platforms such as emulsions, li-
posomes, solid lipid nanoparticles, and microgels are also
effective with chemically similar compounds [93].

Food intake, particularly dietary fat, has been demonstrated
to increase peak plasma CBD concentrations (Cpay) and overall
exposure as measured by AUC. Multiple studies have found the
Cmax and AUC of orally delivered CBD are higher when admin-
istered with food [21,96,97]. Excipient food products, that is,
food with specific ingredients or qualities to enhance bioavail-
ability, could also benefit CBD users by modifying the absorption
characteristics [93]. Additional research will optimize dietary
intake recommendations to enhance CBD pharmacokinetic and
pharmacodynamic profiles.

An inherent challenge in designing delivery systems is the
incomplete understanding of the mechanisms by which CBD
influences physiological function. It is unclear if CBD exerts an
effect through direct interaction with receptors or indirectly,
such as regulation of inflammatory status. The anti-inflammatory
characteristics of CBD have been extensively studied [8,98,99].
Of interest, the effect of CBD on intestinal motility may be
mediated through reduction of inflammation as CBD attenuates
intestinal inflammation, as assessed through a variety of in-
flammatory markers including: myeloperoxidase activity, in-
flammatory cytokines, reactive oxygen species production,
histopathology, and nitric oxide production [78,79,100].

It is possible that CBD influences intestinal motility through the
gut-brain axis, which is a bidirectional neural system that affects
physiological functions throughout the human body [101].
Accordingly, the gut microbiome produces signaling molecules,
including neurotransmitters, that participate in the gut-brain axis
and therefore represent an additional therapeutic target to address
intestinal and neurological disorders [30,101]. Few studies have
investigated the impact of CBD on the gut microbiome, although
enrichment of beneficial bacteria and their products, such as short
chain fatty acids, have been reported [83,102,103].
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Perspectives

CBDis a popular supplement in the United States, in addition to
its use as a pharmaceutical drug. in vitro and animal model studies
suggest the potential for CBD to alleviate motility disturbances;
however, human studies have yet to characterize broadly signifi-
cant effects. Establishing optimal delivery parameters is critical
for standardization of research and, importantly, CBD applications
to effectively intervene in human physiology, including gastro-
intestinal motility. Further research will deploy systems-level
approaches to quantitatively link multifactorial processes with
qualitative participant outcomes to generate a rigorous under-
standing of the therapeutic effects of CBD on gastrointestinal
motility disorders. It is critical to mechanistically characterize any
direct interactions between orally delivered CBD with endo-
cannabinoid receptors in the gut as well as indirect interactions
with the enteric nervous system. Furthermore, anti-inflammatory
effects of CBD may influence gastrointestinal peristalsis via over-
lapping mechanisms as well as potentially select microbiota that
propagate systemic effects to influence gut motility.

Funding

This work was funded, in part, by the U.S. Department of
Agriculture under Hatch Grant MAS00556 (DAS) and The College
of Natural Sciences at the University of Massachusetts Amherst
through a Bridge and Seed Grant (DAS). Partial fellowship sup-
port was provided by the Peter Salmon Graduate Fellowship (GS).

Author contributions

The authors’ responsibilities were as follows - DAS:
conceived research; DAS, GS: designed research; GS: conducted
research, extracted data, and prepared the first draft of the
manuscript; GS, DAS: conducted the selection and evaluation of
studies; and all authors: read and approved the final manuscript.

Conflict of interest

DJM is currently on the advisory board for Vertosa, which
manufacturers CBD products. Vertosa did not have any role in
preparing or reviewing this manuscript. All other authors report
no conflicts of interest.

Acknowledgments

We thank our current and former colleagues in the Sela Lab
and Department of Food Science for helpful conversations.

Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cdnut.2023.101972.

References

[1] S.A. Bonini, M. Premoli, S. Tambaro, A. Kumar, G. Maccarinelli,
M. Memo, et al., Cannabis sativa: a comprehensive
ethnopharmacological review of a medicinal plant with a long history,

13

[2

—

[3]

[4]

(51

(61

(71

(81

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]

[20]

[21]

Current Developments in Nutrition 7 (2023) 101972

J. Ethnopharmacol. 227 (2018) 300-315, https://doi.org/10.1016/
j.jep.2018.09.004.

Cannabis [Internet], National Library of Medicine, 2021. Available
from: https://pubmed.ncbi.nlm.nih.gov/?term=cannabis&size=200.
Compound Summary Cannabidiol [Internet], National Library of
Medicine PubChem, 2021. Available from: https://pubchem.ncbi.nlm.
nih.gov/compound/Cannabidiol.

A.W. Zuardi, Cannabidiol: from an inactive cannabinoid to a drug with
wide spectrum of action, Braz. J. Psychiatry 30 (3) (2008) 271-280,
https://doi.org/10.1590/51516-44462008000300015.

S. Lattanzi, F. Brigo, E. Trinka, G. Zaccara, C. Cagnetti, C. Del Giovane,
et al., Efficacy and safety of cannabidiol in epilepsy: a systematic
review and meta-analysis, Drugs 78 (17) (2018) 1791-1804, https://
doi.org/10.1007/s40265-018-0992-5.

E.M. Rock, C.L. Limebeer, R.G. Pertwee, R. Mechoulam, L.A. Parker,
Therapeutic potential of cannabidiol, cannabidiolic acid, and
cannabidiolic acid methyl ester as treatments for nausea and vomiting,
Cannabis Cannabinoid Res 6 (4) (2021) 266-274, https://doi.org/
10.1089/can.2021.0041.

Y.L. Hurd, M. Yoon, A.F. Manini, S. Hernandez, R. Olmedo,

M. Ostman, et al., Early phase in the development of cannabidiol as a
treatment for addiction: opioid relapse takes initial center stage,
Neurotherapeutics 12 (4) (2015) 807-815, https://doi.org/10.1007/
s13311-015-0373-7.

S. Burstein, Cannabidiol (CBD) and its analogs: a review of their effects
on inflammation, Bioorg. Med. Chem. 23 (7) (2015) 1377-1385,
https://doi.org/10.1016/j.bmc.2015.01.059.

M. Brenan, 14% of Americans say they use CBD products [Internet],
2019. Available from: https://news.gallup.com/poll/263147/
americans-say-cbd-products.aspx.

M.S. Garcia-Gutiérrez, F. Navarrete, A. Gasparyan, A. Austrich-
Olivares, F. Sala, J. Manzanares, Cannabidiol: a potential new
alternative for the treatment of anxiety, depression, and psychotic
disorders, Biomolecules 10 (11) (2020) 1575, https://doi.org/
10.3390/biom10111575.

J.T. Heineman, G.L. Forster, K.L. Stephens, P.S. Cottler, M.P. Timko,
B.R. DeGeorge, A randomized controlled trial of topical cannabidiol
for the treatment of thumb basal joint arthritis, J. Hand Surg. Am. 47
(7) (2022) 611-620, https://doi.org/10.1016/j.jhsa.2022.03.002.

N. Frane, E. Stapleton, C. Iturriaga, M. Ganz, V. Rasquinha, R. Duarte,
Cannabidiol as a treatment for arthritis and joint pain: an exploratory
cross-sectional study, J. Cannabis Res. 4 (1) (2022) 47, https://
doi.org/10.1186/542238-022-00154-9.

B.S. Wong, M. Camilleri, I. Busciglio, P. Carlson, L.A. Szarka,

D. Burton, et al., Pharmacogenetic trial of a cannabinoid agonist shows
reduced fasting colonic motility in patients with nonconstipated
irritable bowel syndrome, Gastroenterology 141 (5) (2011)
1638-1647.e7, https://doi.org/10.1053/j.gastro.2011.07.036.

B.S. Wong, M. Camilleri, D. Eckert, P. Carlson, M. Ryks, D. Burton, et
al., Randomized pharmacodynamic and pharmacogenetic trial of
dronabinol effects on colon transit in irritable bowel syndrome-
diarrhea, Neurogastroenterol. Motil. 24 (4) (2012) 358, https://
doi.org/10.1111/j.1365-2982.2011.01874.x, e169.

J.M. Gilman, M.A. Yiicel, G.N. Pachas, K. Potter, N. Levar, H. Broos, et
al., Delta-9-tetrahydrocannabinol intoxication is associated with
increased prefrontal activation as assessed with functional near-
infrared spectroscopy: a report of a potential biomarker of
intoxication, Neurolmage 197 (2019) 575-585, https://doi.org/
10.1016/j.neuroimage.2019.05.012.

Drug Scheduling, United States Drug Enforcement Administration,
2021.

BCC Publishing Staff, Cannabidiol (CBD) Oil: Global Markets, BCC
Research, 2020 Sep. Report No.: PHM234A.

C.S. Pauli, M. Conroy, B.D. Vanden Heuvel, S.H. Park, Cannabidiol
drugs clinical trial outcomes and adverse effects, Front. Pharmacol. 11
(2020) 63, https://doi.org/10.3389/fphar.2020.00063.

M.A. Huestis, R. Solimini, S. Pichini, R. Pacifici, J. Carlier,

F.P. Busardo, Cannabidiol adverse effects and toxicity, Curr.
Neuropharmacol. 17 (10) (2019) 974-989, https://doi.org/10.2174/
1570159X17666190603171901.

E. Chesney, D. Oliver, A. Green, S. Sovi, J. Wilson, A. Englund, et al.,
Adverse effects of cannabidiol: a systematic review and meta-analysis
of randomized clinical trials, Neuropsychopharmacology 45 (11)
(2020) 1799-1806, https://doi.org/10.1038/541386-020-0667-2.

L. Taylor, J. Crockett, B. Tayo, G. Morrison, A phase 1, open-label,
parallel-group, single-dose trial of the pharmacokinetics and safety of


https://doi.org/10.1016/j.cdnut.2023.101972
https://doi.org/10.1016/j.jep.2018.09.004
https://doi.org/10.1016/j.jep.2018.09.004
https://pubmed.ncbi.nlm.nih.gov/?term&equals;cannabis&amp;size&equals;200
https://pubmed.ncbi.nlm.nih.gov/?term&equals;cannabis&amp;size&equals;200
https://pubmed.ncbi.nlm.nih.gov/?term&equals;cannabis&amp;size&equals;200
https://pubmed.ncbi.nlm.nih.gov/?term&equals;cannabis&amp;size&equals;200
https://pubchem.ncbi.nlm.nih.gov/compound/Cannabidiol
https://pubchem.ncbi.nlm.nih.gov/compound/Cannabidiol
https://doi.org/10.1590/s1516-44462008000300015
https://doi.org/10.1007/s40265-018-0992-5
https://doi.org/10.1007/s40265-018-0992-5
https://doi.org/10.1089/can.2021.0041
https://doi.org/10.1089/can.2021.0041
https://doi.org/10.1007/s13311-015-0373-7
https://doi.org/10.1007/s13311-015-0373-7
https://doi.org/10.1016/j.bmc.2015.01.059
https://news.gallup.com/poll/263147/americans-say-cbd-products.aspx
https://news.gallup.com/poll/263147/americans-say-cbd-products.aspx
https://doi.org/10.3390/biom10111575
https://doi.org/10.3390/biom10111575
https://doi.org/10.1016/j.jhsa.2022.03.002
https://doi.org/10.1186/s42238-022-00154-9
https://doi.org/10.1186/s42238-022-00154-9
https://doi.org/10.1053/j.gastro.2011.07.036
https://doi.org/10.1111/j.1365-2982.2011.01874.x
https://doi.org/10.1111/j.1365-2982.2011.01874.x
https://doi.org/10.1016/j.neuroimage.2019.05.012
https://doi.org/10.1016/j.neuroimage.2019.05.012
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref16
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref16
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref17
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref17
https://doi.org/10.3389/fphar.2020.00063
https://doi.org/10.2174/1570159X17666190603171901
https://doi.org/10.2174/1570159X17666190603171901
https://doi.org/10.1038/s41386-020-0667-2

G. Story et al.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

cannabidiol (CBD) in subjects with mild to severe hepatic impairment,
J. Clin. Pharmacol. 59 (8) (2019) 1110-1119, https://doi.org/
10.1002/jcph.1412.

K. Iffland, F. Grotenhermen, An update on safety and side effects of
cannabidiol: a review of clinical data and relevant animal studies,
Cannabis Cannabinoid Res 2 (1) (2017) 139-154, https://doi.org/
10.1089/can.2016.0034.

J.D. Brown, A.G. Winterstein, Potential adverse drug events and drug-
drug interactions with medical and consumer cannabidiol (CBD) use,
J. Clin. Med. 8 (7) (2019) 989, https://doi.org/10.3390/
jem8070989.

C.J. Lucas, P. Galettis, J. Schneider, The pharmacokinetics and the
pharmacodynamics of cannabinoids, Br. J. Clin. Pharmacol. 84 (11)
(2018) 2477-2482, https://doi.org/10.1111/bcp.13710.

I. Ujvary, L. Hanus, Human metabolites of cannabidiol: a review on
their formation, biological activity, and relevance in therapy, Cannabis
Cannabinoid Res 1 (1) (2016) 90-101, https://doi.org/10.1089/
can.2015.0012.

S.A. Millar, N.L. Stone, A.S. Yates, S.E. O’Sullivan, A systematic review
on the pharmacokinetics of cannabidiol in humans, Front. Pharmacol.
9 (2018) 1365, https://doi.org/10.3389/fphar.2018.01365.

N. Acharya, S. Penukonda, T. Shcheglova, A.T. Hagymasi, S. Basu,
P.K. Srivastava, Endocannabinoid system acts as a regulator of
immune homeostasis in the gut, Proc. Natl. Acad. Sci. U. S. A. 114 (19)
(2017) 5005-5010, https://doi.org/10.1073/pnas.1612177114.

C. Silvestri, V. Di Marzo, The endocannabinoid system in energy
homeostasis and the etiopathology of metabolic disorders, Cell Metab
17 (4) (2013) 475-490, https://doi.org/10.1016/
j.cmet.2013.03.001.

D.A. Kendall, G.A. Yudowski, Cannabinoid receptors in the central
nervous system: their signaling and roles in disease, Front. Cell.
Neurosci. 10 (2016) 294, https://doi.org/10.3389/fncel.2016.00294.
H.C. Karoly, R.L. Mueller, L.C. Bidwell, K.E. Hutchison, Cannabinoids
and the microbiota—gut-brain axis: emerging effects of cannabidiol
and potential applications to alcohol use disorders, Alcohol. Clin. Exp.
Res. 44 (2) (2020) 340-353, https://doi.org/10.1111/acer.14256.
K.A. Sharkey, J.W. Wiley, The role of the endocannabinoid system in
the brain-gut axis, Gastroenterology 151 (2) (2016) 252-266, https://
doi.org/10.1053/j.gastro.2016.04.015.

S. Zou, U. Kumar, Cannabinoid receptors and the endocannabinoid
system: signaling and function in the central nervous system, Int. J.
Mol. Sci. 19 (3) (2018) 833, https://doi.org/10.3390/ijms19030833.
G. Marsicano, B. Lutz, Expression of the cannabinoid receptor CB1 in
distinct neuronal subpopulations in the adult mouse forebrain, Eur. J.
Neurosci. 11 (12) (1999) 4213-4225, https://doi.org/10.1046/
j-1460-9568.1999.00847 .x.

A. Dhopeshwarkar, K. Mackie, CB2 cannabinoid receptors as a
therapeutic target-what does the future hold? Mol. Pharmacol. 86 (4)
(2014) 430-437, https://doi.org/10.1124/mol.114.094649.

J. Fuss, J. Steinle, L. Bindila, M.K. Auer, H. Kirchherr, B. Lutz, et al.,
A runner’s high depends on cannabinoid receptors in mice, Proc. Natl.
Acad. Sci. U. S. A. 112 (42) (2015) 13105-13108, https://doi.org/
10.1073/pnas.1514996112.

K.L. Wright, M. Duncan, K.A. Sharkey, Cannabinoid CB2 receptors in
the gastrointestinal tract: a regulatory system in states of
inflammation, Br. J. Pharmacol. 153 (2) (2008) 263-270, https://
doi.org/10.1038/sj.bjp.0707486.

E.S. Kimball, N.H. Wallace, C.R. Schneider, M.R. D’Andrea,

P.J. Hornby, Small intestinal cannabinoid receptor changes following a
single colonic insult with oil of mustard in mice, Front. Pharmacol. 1
(2010) 132, https://doi.org/10.3389/fphar.2010.00132.

R. Abalo, G. Vera, A.E. Lépez-Pérez, M. Martinez-Villaluenga,

M.I. Martin-Fontelles, The gastrointestinal pharmacology of
cannabinoids: focus on motility, Pharmacology 90 (1-2) (2012) 1-10,
https://doi.org/10.1159/000339072.

J.M. Park, M.G. Choi, Y.K. Cho, 1.S. Lee, S.W. Kim, K.Y. Choi, et al.,
Cannabinoid receptor 1 gene polymorphism and irritable bowel
syndrome in the Korean population: a hypothesis-generating study,
J. Clin. Gastroenterol. 45 (1) (2011) 45-49, https://doi.org/10.1097/
MCG.0b013e3181dd1573.

C.K. Cheung, J.C. Wu, Genetic polymorphism in pathogenesis of
irritable bowel syndrome, World J. Gastroenterol. 20 (47) (2014)
17693-17698, https://doi.org/10.3748/wjg.v20.i47.17693.

G. Hu, G. Ren, Y. Shi, The putative cannabinoid receptor GPR55
promotes cancer cell proliferation, Oncogene 30 (2) (2011) 139-141,
https://doi.org/10.1038/0nc.2010.502.

14

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Current Developments in Nutrition 7 (2023) 101972

H. Sharir, M.E. Abood, Pharmacological characterization of GPR55, a
putative cannabinoid receptor, Pharmacol. Ther. 126 (3) (2010)
301-313, https://doi.org/10.1016/j.pharmthera.2010.02.004.

E. Tuduri, M. Imbernon, R.J. Herndndez-Bautista, M. Tojo, J. Ferng,
C. Diéguez, et al., GPR55: a new promising target for metabolism?

J. Mol. Endocrinol. 58 (3) (2017) R191-R202, https://doi.org/
10.1530/JME-16-0253.

N. Ueda, R.A. Puffenbarger, S. Yamamoto, D.G. Deutsch, The fatty acid
amide hydrolase (FAAH), Chem. Phys. Lipids 108 (1-2) (2000)
107-121, https://doi.org/10.1016/s0009-3084(00)00190-0.

M. Bashashati, M.A. Storr, S.P. Nikas, J.T. Wood, G. Godlewski, J. Liu,
et al., Inhibiting fatty acid amide hydrolase normalizes endotoxin-
induced enhanced gastrointestinal motility in mice, Br. J. Pharmacol.
165 (5) (2012) 1556-1571, https://doi.org/10.1111/j.1476-
5381.2011.01644.x.

F.A. Moreira, N. Kaiser, K. Monory, B. Lutz, Reduced anxiety-like
behaviour induced by genetic and pharmacological inhibition of the
endocannabinoid-degrading enzyme fatty acid amide hydrolase
(FAAH) is mediated by CB1 receptors, Neuropharmacology 54 (1)
(2008) 141-150, https://doi.org/10.1016/
j.-neuropharm.2007.07.005.

D.L. de Almeida, L.A. Devi, Diversity of molecular targets and
signaling pathways for CBD, Pharmacol. Res. Perspect. 8 (6) (2020)
e00682, https://doi.org/10.1002/prp2.682.

M.A. Storr, B. Yiice, C.N. Andrews, K.A. Sharkey, The role of the
endocannabinoid system in the pathophysiology and treatment of
irritable bowel syndrome, Neurogastroenterol. Motil. 20 (8) (2008)
857-868, https://doi.org/10.1111/j.1365-2982.2008.01175.x.

Y. Lee, J. Jo, H.Y. Chung, C. Pothoulakis, E. Im, Endocannabinoids in
the gastrointestinal tract, Am. J. Physiol. Gastrointest. Liver Physiol.
311 (4) (2016) G655-G666, https://doi.org/10.1152/
ajpgi.00294.2015.

M. Duncan, J.S. Davison, K.A. Sharkey, Review article:
endocannabinoids and their receptors in the enteric nervous system,
Aliment. Pharmacol. Ther. 22 (8) (2005) 667-683, https://doi.org/
10.1111/j.1365-2036.2005.02648.x.

D.M. Kendig, J.R. Grider, Serotonin and colonic motility,
Neurogastroenterol. Motil. 27 (7) (2015) 899-905, https://doi.org/
10.1111/nmo.12617.

M.B. Hansen, Neurohumoral control of gastrointestinal motility,
Physiol. Res. 52 (1) (2003) 1-30, https://doi.org/10.33549/
physiolres.930255.

M. Grover, M. Camilleri, Effects on gastrointestinal functions and
symptoms of serotonergic psychoactive agents used in functional
gastrointestinal diseases, J. Gastroenterol. 48 (2) (2013) 177-181,
https://doi.org/10.1007/s00535-012-0726-5.

P.A. Melas, M. Scherma, W. Fratta, C. Cifani, P. Fadda, Cannabidiol as
a potential treatment for anxiety and mood disorders: molecular
targets and epigenetic insights from preclinical research, Int. J. Mol.
Sci. 22 (4) (2021) 1863, https://doi.org/10.3390/ijms22041863.

R. Linge, L. Jiménez-Sanchez, L. Campa, F. Pilar-Cuéllar, R. Vidal,

A. Pazos, et al., Cannabidiol induces rapid-acting antidepressant-like
effects and enhances cortical 5-HT/glutamate neurotransmission: role
of 5-HT1A receptors, Neuropharmacology 103 (2016) 16-26, https://
doi.org/10.1016/j.neuropharm.2015.12.017.

F.V. Gomes, L.B.M. Resstel, F.S. Guimaraes, The anxiolytic-like effects
of cannabidiol injected into the bed nucleus of the stria terminalis are
mediated by 5-HT1A receptors, Psychopharmacol. (Berl.) 213 (2-3)
(2011) 465-473, https://doi.org/10.1007/s00213-010-2036-z.

E.M. Rock, D. Bolognini, C.L. Limebeer, M.G. Cascio, S. Anavi-Goffer,
P.J. Fletcher, et al., Cannabidiol, a non-psychotropic component of
cannabis, attenuates vomiting and nausea-like behaviour via indirect
agonism of 5-HT(1A) somatodendritic autoreceptors in the dorsal
raphe nucleus, Br. J. Pharmacol. 165 (8) (2012) 2620-2634, https://
doi.org/10.1111/j.1476-5381.2011.01621.x.

G. Esposito, C. Scuderi, M. Valenza, G.I. Togna, V. Latina, D. De
Filippis, et al., Cannabidiol reduces Ap-induced neuroinflammation
and promotes hippocampal neurogenesis through PPARy involvement,
PLOS ONE 6 (12) (2011) e28668, https://doi.org/10.1371/
journal.pone.0028668.

D. De Filippis, G. Esposito, C. Cirillo, M. Cipriano, B.Y. De Winter,

C. Scuderi, et al., Cannabidiol reduces intestinal inflammation through
the control of neuroimmune axis, PLOS ONE 6 (12) (2011) 28159,
https://doi.org/10.1371/journal.pone.0028159.

E.N. Marieb, K. Hoehn, The digestive system, in: Human Anatomy and
Physiology, 9th ed., Pearson, London, 2013, pp. 887-892.


https://doi.org/10.1002/jcph.1412
https://doi.org/10.1002/jcph.1412
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.1089/can.2016.0034
https://doi.org/10.3390/jcm8070989
https://doi.org/10.3390/jcm8070989
https://doi.org/10.1111/bcp.13710
https://doi.org/10.1089/can.2015.0012
https://doi.org/10.1089/can.2015.0012
https://doi.org/10.3389/fphar.2018.01365
https://doi.org/10.1073/pnas.1612177114
https://doi.org/10.1016/j.cmet.2013.03.001
https://doi.org/10.1016/j.cmet.2013.03.001
https://doi.org/10.3389/fncel.2016.00294
https://doi.org/10.1111/acer.14256
https://doi.org/10.1053/j.gastro.2016.04.015
https://doi.org/10.1053/j.gastro.2016.04.015
https://doi.org/10.3390/ijms19030833
https://doi.org/10.1046/j.1460-9568.1999.00847.x
https://doi.org/10.1046/j.1460-9568.1999.00847.x
https://doi.org/10.1124/mol.114.094649
https://doi.org/10.1073/pnas.1514996112
https://doi.org/10.1073/pnas.1514996112
https://doi.org/10.1038/sj.bjp.0707486
https://doi.org/10.1038/sj.bjp.0707486
https://doi.org/10.3389/fphar.2010.00132
https://doi.org/10.1159/000339072
https://doi.org/10.1097/MCG.0b013e3181dd1573
https://doi.org/10.1097/MCG.0b013e3181dd1573
https://doi.org/10.3748/wjg.v20.i47.17693
https://doi.org/10.1038/onc.2010.502
https://doi.org/10.1016/j.pharmthera.2010.02.004
https://doi.org/10.1530/JME-16-0253
https://doi.org/10.1530/JME-16-0253
https://doi.org/10.1016/s0009-3084(00)00190-0
https://doi.org/10.1111/j.1476-5381.2011.01644.x
https://doi.org/10.1111/j.1476-5381.2011.01644.x
https://doi.org/10.1016/j.neuropharm.2007.07.005
https://doi.org/10.1016/j.neuropharm.2007.07.005
https://doi.org/10.1002/prp2.682
https://doi.org/10.1111/j.1365-2982.2008.01175.x
https://doi.org/10.1152/ajpgi.00294.2015
https://doi.org/10.1152/ajpgi.00294.2015
https://doi.org/10.1111/j.1365-2036.2005.02648.x
https://doi.org/10.1111/j.1365-2036.2005.02648.x
https://doi.org/10.1111/nmo.12617
https://doi.org/10.1111/nmo.12617
https://doi.org/10.33549/physiolres.930255
https://doi.org/10.33549/physiolres.930255
https://doi.org/10.1007/s00535-012-0726-5
https://doi.org/10.3390/ijms22041863
https://doi.org/10.1016/j.neuropharm.2015.12.017
https://doi.org/10.1016/j.neuropharm.2015.12.017
https://doi.org/10.1007/s00213-010-2036-z
https://doi.org/10.1111/j.1476-5381.2011.01621.x
https://doi.org/10.1111/j.1476-5381.2011.01621.x
https://doi.org/10.1371/journal.pone.0028668
https://doi.org/10.1371/journal.pone.0028668
https://doi.org/10.1371/journal.pone.0028159
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref60
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref60
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref60

G. Story et al.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

R. Spiller, Clinical update: irritable bowel syndrome, Lancet 369 (9573)
(2007) 1586-1588, https://doi.org/10.1016/50140-6736(07)60726-0.
S. Ishihara, K. Kawashima, N. Fukuba, Y. Tada, S. Kotani, Y. Mishima,
et al., Irritable bowel syndrome-like symptoms in ulcerative colitis
patients in clinical remission: association with residual colonic
inflammation, Digestion 99 (1) (2019) 46-51, https://doi.org/
10.1159/000494412.

Q.X. Ng, A.Y.S. Soh, W. Loke, D.Y. Lim, W.S. Yeo, The role of
inflammation in irritable bowel syndrome (IBS), J. Inflamm. Res. 11
(2018) 345-349, https://doi.org/10.2147/JIR.S174982.

P. Bercik, E.F. Verdu, S.M. Collins, Is irritable bowel syndrome a low-
grade inflammatory bowel disease? Gastroenterol. Clin. North Am. 34
(2) (2005) 235-245, https://doi.org/10.1016/].gtc.2005.02.007.
R.H. Kirsch, R.H. Riddell, Histopathological alterations in irritable
bowel syndrome, Mod. Pathol. 19 (12) (2006) 1638-1645, https://
doi.org/10.1038/modpathol.3800704.

G. Bassotti, E. Antonelli, V. Villanacci, R. Nascimbeni, M.P. Dore,
G.M. Pes, et al., Abnormal gut motility in inflammatory bowel disease:
an update, Tech. Coloproctol. 24 (4) (2020) 275-282, https://doi.org/
10.1007/s10151-020-02168-y.

G. Fond, A. Loundou, N. Hamdani, W. Boukouaci, A. Dargel,

J. Oliveira, et al., Anxiety and depression comorbidities in irritable
bowel syndrome (IBS): a systematic review and meta-analysis, Eur.
Arch. Psychiatry Clin. Neurosci. 264 (8) (2014) 651-660, https://
doi.org/10.1007/s00406-014-0502-z.

M. Ouzzani, H. Hammady, Z. Fedorowicz, A. Elmagarmid, Rayyan-a
web and mobile app for systematic reviews, Syst. Rev. 5 (1) (2016)
210, https://doi.org/10.1186/5s13643-016-0384-4.

G.B. Chesher, C.J. Dahl, M. Everingham, D.M. Jackson, H. Marchant-
Williams, G.A. Starmer, The effect of cannabinoids on intestinal
motility and their antinociceptive effect in mice, Br. J. Pharmacol. 49
(4) (1973) 588-594, https://doi.org/10.1111/j.1476-
5381.1973.tb08534.x.

J.E. Shook, T.F. Burks, Psychoactive cannabinoids reduce
gastrointestinal propulsion and motility in rodents, J. Pharmacol. Exp.
Ther. 249 (2) (1989) 444-449.

P.F. Anderson, D.M. Jackson, G.B. Chesher, Interaction of delta9-
tetrahydrocannabinol and cannabidiol on intestinal motility in mice,
J. Pharm. Pharmacol. 26 (2) (1974) 136-137, https://doi.org/
10.1111/j.2042-7158.1974.tb09240.x.

A. Sabo, O. Horvat, N. Stilinovic, J. Berenji, S. Vukmirovic, Industrial
hemp decreases intestinal motility stronger than Indian hemp in mice,
Eur. Rev. Med. Pharmacol. Sci. 17 (4) (2013) 486-490.

E. Pagano, R. Capasso, F. Piscitelli, B. Romano, O.A. Parisi, S. Finizio,
et al., An orally active cannabis extract with high content in
cannabidiol attenuates chemically induced intestinal inflammation
and hypermotility in the mouse, Front. Pharmacol. 7 (2016) 341,
https://doi.org/10.3389/fphar.2016.00341.

R. Capasso, F. Borrelli, G. Aviello, B. Romano, C. Scalisi, F. Capasso, et
al., Cannabidiol, extracted from Cannabis sativa, selectively inhibits
inflammatory hypermotility in mice, Br. J. Pharmacol. 154 (5) (2008)
1001-1008, https://doi.org/10.1038/bjp.2008.177.

D. de Filippis, T. Iuvone, A. D’Amico, G. Esposito, L. Steardo,

A.G. Herman, et al., Effect of cannabidiol on sepsis-induced motility
disturbances in mice: involvement of CB receptors and fatty acid
amide hydrolase, Neurogastroenterol. Motil. 20 (8) (2008) 919-927,
https://doi.org/10.1111/j.1365-2982.2008.01114.x.

K. Li, J. Fichna, R. Schicho, D. Saur, M. Bashashati, K. Mackie, et al.,
A role for 0-1602 and G protein-coupled receptor GPR55 in the
control of colonic motility in mice, Neuropharmacology 71 (100)
(2013) 255-263, https://doi.org/10.1016/
j-neuropharm.2013.03.029.

X.H. Lin, B. Yuece, Y.Y. Li, Y.J. Feng, J.Y. Feng, L.Y. Yu, et al., A novel
CB receptor GPR55 and its ligands are involved in regulation of gut
movement in rodents, Neurogastroenterol. Motil. 23 (9) (2011) 862,
https://doi.org/10.1111/j.1365-2982.2011.01742.x, e342.

D. Wei, H. Wang, J. Yang, Z. Dai, R. Yang, S. Meng, et al., Effects of O-
1602 and CBD on TNBS-induced colonic disturbances,
Neurogastroenterol. Motil. 32 (3) (2020) e13756, https://doi.org/
10.1111/nmo.13756.

Z. Yekhtin, I. Khuja, D. Meiri, R. Or, O. Almogi-Hazan, Differential
effects of D9 tetrahydrocannabinol (THC)- and cannabidiol (CBD)-
based cannabinoid treatments on macrophage immune function in
vitro and on gastrointestinal inflammation in a murine model,
Biomedicines 10 (8) (2022) 1793, https://doi.org/10.3390/
biomedicines10081793.

15

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

Current Developments in Nutrition 7 (2023) 101972

E. Fride, D. Ponde, A. Breuer, L. Hanus, Peripheral, but not central
effects of cannabidiol derivatives: mediation by CB(1) and
unidentified receptors, Neuropharmacology 48 (8) (2005) 1117-1129,
https://doi.org/10.1016/j.neuropharm.2005.01.023.

R. Schicho, M. Storr, Topical and systemic cannabidiol improves
trinitrobenzene sulfonic acid colitis in mice, Pharmacology 89 (3-4)
(2012) 149-155, https://doi.org/10.1159/000336871.

W. Becker, H.R. Alrafas, P.B. Busbee, M.D. Walla, K. Wilson,

K. Miranda, et al., Cannabinoid receptor activation on haematopoietic
cells and enterocytes protects against colitis, J. Crohns Colitis 15 (6)
(2021) 1032-1048, https://doi.org/10.1093/ecco-jcc/jjaa253.

C. Silvestri, E. Pagano, S. Lacroix, T. Venneri, C. Cristiano,

A. Calignano, et al., Fish oil, cannabidiol and the gut microbiota: an
investigation in a murine model of colitis, Front. Pharmacol. 11 (2020)
585096, https://doi.org/10.3389/fphar.2020.585096.

P.M. Irving, T. Igbal, C. Nwokolo, S. Subramanian, S. Bloom,

N. Prasad, et al., A randomized, double-blind, placebo-controlled,
parallel-group, pilot study of cannabidiol-rich botanical extract in the
symptomatic treatment of ulcerative colitis, Inflamm. Bowel Dis. 24
(4) (2018) 714-724, https://doi.org/10.1093/ibd/izy002.

T. Naftali, R. Mechulam, A. Marii, G. Gabay, A. Stein, M. Bronshtain, et
al., Low-dose cannabidiol is safe but not effective in the treatment for
Crohn’s disease, a randomized controlled trial, Dig. Dis. Sci. 62 (6)
(2017) 1615-1620, https://doi.org/10.1007/5s10620-017-4540-z.

T. Naftali, L. Bar-Lev Schleider, S. Almog, D. Meiri, F.M. Konikoff, Oral
CBD-rich cannabis induces clinical but not endoscopic response in
patients with Crohn’s disease, a randomised controlled trial, J. Crohns
Colitis 15 (11) (2021) 1799-1806, https://doi.org/10.1093/ecco-jcc/
jjab0609.

A.C.B. van Orten-Luiten, N.M. de Roos, S. Majait, B.J.M. Witteman,
R.F. Witkamp, Effects of cannabidiol chewing gum on perceived pain
and well-being of irritable bowel syndrome patients: a placebo-
controlled crossover exploratory intervention study with symptom-
driven dosing, Cannabis Cannabinoid Res 7 (4) (2022) 436-444,
https://doi.org/10.1089/can.2020.0087.

N.L. Cluny, R.J. Naylor, B.A. Whittle, F.A. Javid, The effects of
cannabidiolic acid and cannabidiol on contractility of the
gastrointestinal tract of Suncus murinus, Arch. Pharm. Res. 34 (9)
(2011) 1509-1517, https://doi.org/10.1007/512272-011-0913-6.
K.M. Sanders, S.D. Koh, S. Ro, S.M. Ward, Regulation of
gastrointestinal motility—insights from smooth muscle biology, Nat.
Rev. Gastroenterol. Hepatol. 9 (11) (2012) 633-645, https://doi.org/
10.1038/nrgastro.2012.168.

J.M. Jamontt, A. Molleman, R.G. Pertwee, M.E. Parsons, The effects of
Delta-tetrahydrocannabinol and cannabidiol alone and in combination
on damage, inflammation and in vitro motility disturbances in rat
colitis, Br. J. Pharmacol. 160 (3) (2010) 712-723, https://doi.org/
10.1111/j.1476-5381.2010.00791 .x.

Y. Tanahashi, S. Komori, H. Matsuyama, T. Kitazawa, T. Unno,
Functions of muscarinic receptor subtypes in gastrointestinal smooth
muscle: a review of studies with receptor-knockout mice, Int. J. Mol.
Sci. 22 (2) (2021) 926, https://doi.org/10.3390/ijms22020926.

A.A. Izzo, F. Borrelli, R. Capasso, V. Di Marzo, R. Mechoulam, Non-
psychotropic plant cannabinoids: new therapeutic opportunities from
an ancient herb, Trends Pharmacol. Sci. 30 (10) (2009) 515-527,
https://doi.org/10.1016/j.tips.2009.07.006.

D.J. McClements, Enhancing efficacy, performance, and reliability of
cannabis edibles: insights from lipid bioavailability studies, Annu. Rev.
Food Sci. Technol. 11 (2020) 45-70, https://doi.org/10.1146/
annurev-food-032519-051834.

E. Perucca, M. Bialer, Critical aspects affecting cannabidiol oral
bioavailability and metabolic elimination, and related clinical
implications, CNS Drugs 34 (8) (2020) 795-800, https://doi.org/
10.1007/s40263-020-00741-5.

J. Atsmon, 1. Cherniakov, D. Izgelov, A. Hoffman, A.J. Domb,

L. Deutsch, et al., PTL401, a new formulation based on pro-nano
dispersion technology, improves oral cannabinoids bioavailability in
healthy volunteers, J. Pharm. Sci. 107 (5) (2018) 1423-1429, https://
doi.org/10.1016/j.xphs.2017.12.020.

A K. Birnbaum, A. Karanam, S.E. Marino, C.M. Barkley, R.P. Remmel,
M. Roslawski, et al., Food effect on pharmacokinetics of cannabidiol oral
capsules in adult patients with refractory epilepsy, Epilepsia 60 (8)
(2019) 1586-1592, https://doi.org/10.1111/epi.16093.

J. Crockett, D. Critchley, B. Tayo, J. Berwaerts, G. Morrison, A phase 1,
randomized, pharmacokinetic trial of the effect of different meal
compositions, whole milk, and alcohol on cannabidiol exposure and


https://doi.org/10.1016/S0140-6736(07)60726-0
https://doi.org/10.1159/000494412
https://doi.org/10.1159/000494412
https://doi.org/10.2147/JIR.S174982
https://doi.org/10.1016/j.gtc.2005.02.007
https://doi.org/10.1038/modpathol.3800704
https://doi.org/10.1038/modpathol.3800704
https://doi.org/10.1007/s10151-020-02168-y
https://doi.org/10.1007/s10151-020-02168-y
https://doi.org/10.1007/s00406-014-0502-z
https://doi.org/10.1007/s00406-014-0502-z
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1111/j.1476-5381.1973.tb08534.x
https://doi.org/10.1111/j.1476-5381.1973.tb08534.x
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref70
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref70
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref70
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref70
https://doi.org/10.1111/j.2042-7158.1974.tb09240.x
https://doi.org/10.1111/j.2042-7158.1974.tb09240.x
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref72
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref72
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref72
http://refhub.elsevier.com/S2475-2991(23)24795-2/sref72
https://doi.org/10.3389/fphar.2016.00341
https://doi.org/10.1038/bjp.2008.177
https://doi.org/10.1111/j.1365-2982.2008.01114.x
https://doi.org/10.1016/j.neuropharm.2013.03.029
https://doi.org/10.1016/j.neuropharm.2013.03.029
https://doi.org/10.1111/j.1365-2982.2011.01742.x
https://doi.org/10.1111/nmo.13756
https://doi.org/10.1111/nmo.13756
https://doi.org/10.3390/biomedicines10081793
https://doi.org/10.3390/biomedicines10081793
https://doi.org/10.1016/j.neuropharm.2005.01.023
https://doi.org/10.1159/000336871
https://doi.org/10.1093/ecco-jcc/jjaa253
https://doi.org/10.3389/fphar.2020.585096
https://doi.org/10.1093/ibd/izy002
https://doi.org/10.1007/s10620-017-4540-z
https://doi.org/10.1093/ecco-jcc/jjab069
https://doi.org/10.1093/ecco-jcc/jjab069
https://doi.org/10.1089/can.2020.0087
https://doi.org/10.1007/s12272-011-0913-6
https://doi.org/10.1038/nrgastro.2012.168
https://doi.org/10.1038/nrgastro.2012.168
https://doi.org/10.1111/j.1476-5381.2010.00791.x
https://doi.org/10.1111/j.1476-5381.2010.00791.x
https://doi.org/10.3390/ijms22020926
https://doi.org/10.1016/j.tips.2009.07.006
https://doi.org/10.1146/annurev-food-032519-051834
https://doi.org/10.1146/annurev-food-032519-051834
https://doi.org/10.1007/s40263-020-00741-5
https://doi.org/10.1007/s40263-020-00741-5
https://doi.org/10.1016/j.xphs.2017.12.020
https://doi.org/10.1016/j.xphs.2017.12.020
https://doi.org/10.1111/epi.16093

G. Story et al.

[98]

[99]

[100]

safety in healthy subjects, Epilepsia 61 (2) (2020) 267-277, https://
doi.org/10.1111/epi.16419.

J.M. Nichols, B.L.F. Kaplan, Inmune responses regulated by
cannabidiol, Cannabis Cannabinoid Res 5 (1) (2020) 12-31, https://
doi.org/10.1089/can.2018.0073.

F. Pellati, V. Borgonetti, V. Brighenti, M. Biagi, S. Benvenuti, L. Corsi,
Cannabis sativa L. and nonpsychoactive cannabinoids: their chemistry
and role against oxidative stress, inflammation, and cancer, BioMed. Res.
Int. 2018 (2018) 1691428, https://doi.org/10.1155/2018/1691428.
F. Borrelli, G. Aviello, B. Romano, P. Orlando, R. Capasso, F. Maiello,
et al., Cannabidiol, a safe and non-psychotropic ingredient of the
marijuana plant Cannabis sativa, is protective in a murine model of
colitis, J. Mol. Med. (Berl.) 87 (11) (2009) 1111-1121, https://
doi.org/10.1007/500109-009-0512-x.

16

[101]

[102]

[103]

Current Developments in Nutrition 7 (2023) 101972

R. Mazzoli, E. Pessione, The neuro-endocrinological role of microbial
glutamate and GABA signaling, Front. Microbiol. 7 (2016) 1934,
https://doi.org/10.3389/fmicb.2016.01934.

C.M. Skinner, I. Nookaew, L.E. Ewing, T. Wongsurawat,

P. Jenjaroenpun, C.M. Quick, et al., Potential probiotic or trigger of
gut inflammation - the Janus-faced nature of cannabidiol-rich
cannabis extract, J. Diet. Suppl. 17 (5) (2020) 543-560, https://
doi.org/10.1080,/19390211.2020.1761506.

Z.Z. Al-Ghezi, P.B. Busbee, H. Alghetaa, P.S. Nagarkatti, M. Nagarkatti,
Combination of cannabinoids, delta-9-tetrahydrocannabinol (THC)
and cannabidiol (CBD), mitigates experimental autoimmune
encephalomyelitis (EAE) by altering the gut microbiome, Brain Behav.
Immun. 82 (2019) 25-35, https://doi.org/10.1016/
j-bbi.2019.07.028.


https://doi.org/10.1111/epi.16419
https://doi.org/10.1111/epi.16419
https://doi.org/10.1089/can.2018.0073
https://doi.org/10.1089/can.2018.0073
https://doi.org/10.1155/2018/1691428
https://doi.org/10.1007/s00109-009-0512-x
https://doi.org/10.1007/s00109-009-0512-x
https://doi.org/10.3389/fmicb.2016.01934
https://doi.org/10.1080/19390211.2020.1761506
https://doi.org/10.1080/19390211.2020.1761506
https://doi.org/10.1016/j.bbi.2019.07.028
https://doi.org/10.1016/j.bbi.2019.07.028

	Cannabidiol and Intestinal Motility: a Systematic Review
	Introduction
	The endocannabinoid system
	Intestinal motility and motility disorders

	Methods
	Eligibility criteria
	Search
	Study selection
	Intestinal motility measures
	Data extraction
	Risk of bias

	Results
	Article search results
	in vivo studies investigating the effect of CBD on intestinal motility
	Meal passage, meal transit, and geometric center measure distance and relative speed of travel through the intestines
	Defecation patterns and stool consistency as a measure of intestinal motility

	Limited human studies have not yielded conclusive impact of CBD on intestinal motility
	in vitro and ex vivo studies of CBD impact on intestinal motility
	Electrical field stimulation assesses the effect of CBD on contractile responses
	CBD varies in influence on chemically induced contractions
	Spontaneous activity as a measure of anomalous contractility in intestine tissue


	Discussion
	Perspectives
	Funding
	Author contributions
	Conflict of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


