
Frontiers in Endocrinology | www.frontiersi

Edited by:
Cristoforo Silvestri,

Laval University, Canada

Reviewed by:
Alyce Maree Martin,

Flinders University, Australia
Charles-Henri Malbert,

Institut National de recherche pour
l’agriculture, l’alimentation et

l’environnement (INRAE), France

*Correspondence:
Timna Naftali

timnanaftali@gmail.com

Specialty section:
This article was submitted to

Gut Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 24 March 2021
Accepted: 22 July 2021

Published: 31 August 2021

Citation:
Tartakover Matalon S, Azar S, Meiri D,
Hadar R, Nemirovski A, Abu Jabal N,
Konikoff FM, Drucker L, Tam J and
Naftali T (2021) Endocannabinoid

Levels in Ulcerative Colitis Patients
Correlate With Clinical Parameters and
Are Affected by Cannabis Consumption.

Front. Endocrinol. 12:685289.
doi: 10.3389/fendo.2021.685289

ORIGINAL RESEARCH
published: 31 August 2021

doi: 10.3389/fendo.2021.685289
Endocannabinoid Levels in Ulcerative
Colitis Patients Correlate With
Clinical Parameters and Are Affected
by Cannabis Consumption
Shelly Tartakover Matalon1,2, Shahar Azar3, David Meiri 4, Rivka Hadar3,
Alina Nemirovski3, Narjes Abu Jabal1, Fred Meir Konikoff1,2, Liat Drucker1, Joseph Tam3

and Timna Naftali 1,2*

1 Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel, 2 Institute of Gastroenterology and Hepatology, Meir Medical
Center, Kfar Saba, Israel, 3 Obesity and Metabolism Laboratory, Institute for Drug Research, School of Pharmacy, Faculty of
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Background: Inflammatory bowel diseases (IBDs) are chronic, idiopathic, inflammatory,
gastrointestinal disorders. The endocannabinoid system may have a role in the
pathogenesis of IBD. We aimed to assess whether cannabis treatment influences
endocannabinoids (eCBs) level and clinical symptoms of IBD patients.

Methods: Blood samples and biopsies were taken from IBD patients treated by either
cannabis or p lacebo for 8 weeks. Immunohis tochemist ry for N-acy l -
phosphatidylethanolamine-selective phospholipase D (NAPE-PLD) and fatty acid amide
hydrolase (FAAH) expression was done on colon biopsies, and sample levels of
anandamide (AEA), eCB2-arachidonylglycerol (2-AG), arachidonic acid (AA),
palmitoylethanolamine (PEA), and oleoylethanolamine (OEA) were measured in patient’s
sera before and after cannabis treatment. Caco-2 cells were cultured with extracts of
cannabis with/without tetrahydrocannabinol (THC) and their proteins extracted, and
Western blotting for NAPE-PLD and FAAH expression was done.

Results: Thirteen patients with Crohn’s disease (CD) and nine patients with ulcerative colitis
(UC) were treated with cannabis. Seventeen patients with CD and 10 with UC served as
placebo groups. In all CD patients, the levels of eCBs remained unaltered during the treatment
period. In UC patients treated with placebo, but not in those treated with cannabis, the levels
of PEA, AEA, and AA decreased significantly. The percent reduction in bowel movements was
negatively correlated with changes observed in the circulating AEA and OEA, whereas
improvement in quality of life was positively correlated with the levels of 2-AG. In the biopsies
fromUCpatients, FAAH levels increased over the study period. In Caco-2 cells, both cannabis
extracts increased NAPE-PLD levels but reduced FAAH expression levels.

Conclusion: Our study supports the notion that cannabis use affects eCB “tone” in UC
patients and may have beneficial effects on disease symptoms in UC patients.
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INTRODUCTION

Inflammatory bowel diseases (IBD), comprising Crohn’s disease
(CD) and ulcerative colitis (UC), are chronic, idiopathic,
inflammatory, gastrointestinal (GI) disorders. The pathogenesis
of IBD is multifactorial and relates to dysregulated immune
response to environmental factors in genetically susceptible hosts
(1, 2). IBD poses a significant burden on patients because of
detrimental effects on quality of life, growth, and development.
Despite the introduction of new therapies, response to current
treatments is limited to only 40%–60% (2, 3). Thus, new
therapies for IBD with novel mechanisms of action are needed.

A common alternative is the therapeutic use of cannabis,
reported by many IBD patients who claim that it improves pain,
diarrhea, and appetite (4). Exogenous cannabinoids exert their
influence through the endocannabinoid system (ECS). This
system consists of cannabinoid receptors (CBRs: CB1, CB2,
GPR55, TRPV1, and PPARs), endogenous cannabinoid
ligands, endocannabinoids (eCBs), and their synthesizing and
degrading enzymes (5). The eCBs are a family of bioactive lipids
that are produced “on demand” in response to membrane
depolarization and calcium influx and originate mainly from
the hydrolysis of membrane phospholipids. The eCBs
anandamide (AEA), oleoylethanolamine (OEA), and
palmitoylethanolamine (PEA) are produced from N-acyl-
phosphatidylethanolamine (NAPE) either directly through a
NAPE-selective phospholipase D (NAPE-PLD) or through a
serial action of lipases (6). The eCB2-arachidonylglycerol (2-
AG) is produced from diacylglycerol by diacylglycerol lipase
(DAGL) (7). AEA, PEA, and OEA are broken down by the
enzyme fatty acid amide hydrolase (FAAH) to arachidonic acid
(AA) and ethanolamine, whereas 2-AG is, to some extent,
metabolized by FAAH but primarily broken down by the
enzyme monoacylglycerol lipase (MAGL) to AA and glycerol.

The ECS does not appear to be tonically active under
physiological conditions. However, numerous alterations in
CBRs density and in eCBs level, inducing changes in the
endocannabinoid tone, have been noted under various
pathophysiological conditions (8). Previous studies have
suggested that the ECS affects a variety of functions and events
in the GI system (9, 10) and may have a role in the pathogenesis
of IBD (5). Indeed, various reports showed altered regulation of
the ECS in IBD patients, yet with rather contradictory outcomes
(11). While controversies exist regarding the level of eCBs in IBD
patients, some studies observed decreased activity and/or levels
of the synthesizing enzyme NAPE-PLD and increased activity of
the degrading enzyme FAAH (11).

Experimental studies in rodents (5) and recent clinical trials
including from our group suggested that treatment with
cannabinoids/cannabis may benefit patients with IBD (12–15).
Previously, we conducted two double-blind, randomized,
placebo-controlled trials. In the first one, UC patients received
either cigarettes containing dried cannabis inflorescence with
23% tetrahydrocannabinol (THC) or placebo cigarettes without
the THC for 8 weeks. Lichtiger disease activity index and quality
of life (QOL) significantly improved in the cannabis group in
comparison to the placebo group. In the second one, CD patients
Frontiers in Endocrinology | www.frontiersin.org 2
received cannabis oil containing 160/40 mg/ml cannabidiol
(CBD)/THC or placebo for 8 weeks. Crohn’s disease activity
index (CDAI) and QOL were significantly improved in the
cannabis group compared to the placebo group.

In the current study, in order to shed some light on potential
mechanisms of cannabis treatment in IBD, we assessed whether
treating IBD patients with cannabis affects eCBs level and
whether these changes correlate with clinical symptoms. To
that end, we used sera collected in previous studies (14, 15).
These sera were analyzed for eCBs level in UC and CD patients
before and after 8 weeks of treatment with cannabis or placebo.
We also assessed FAAH and NAPE-PLD levels in biopsies
collected from the colon of UC patients before and after
cannabis treatment. Finally, we determined the effect of
cannabis on the protein levels of FAAH and NAPE-PLD in
Caco-2 cells (colon carcinoma epithelial cells).
METHODS

Study Population
UC Patients
The study population included patients (20–80 years old) with
mild to moderate UC diagnosed at least 3 months prior to
enrollment. Disease severity was determined by Lichtiger score of
≥4 to ≤15 and Mayo endoscopic subscore ≥1. The study was
approved by the Meir Hospital ethical committee and the Israeli
Ministry of Health, No. 0308-13-MMC.
CD Patients
Patients (age 20–80 years) with mild to moderate CD diagnosed
at least 3 months prior to enrollment were included. Disease
activity was determined by CD activity index of ≥200 and simple
endoscopic score for CD (SES-CD) >2.The study was approved
by the Meir Hospital ethical committee and the Israeli Ministry
of Health, No. 0190-13MMC.
Studies Protocols
Patients were allowed to continue their chronic IBD medications
as long as they were on a stable dose. Specifically, at least 4 weeks
for 5-aminosa l icy la tes and at least 3 months for
immunomodulators and biological treatments. Prednisone was
permitted if patients were on a stable dose for at least 8 weeks
prior to study onset. Patients were specifically asked to avoid any
change in their medications during participation in the study.
Exclusion criteria included the use of cannabis, whether for
medical or recreational purposes, being pregnant or lactating,
severe UC (Mayo score >10) or severe CD (CDAI >400), proctitis
(i.e., inflammatory segment of <15 cm), known psychiatric
diagnosis, or addiction traits based on self-reporting or noted
in the patient electronic medical records. Patients who required
an operation within the study period were excluded.

Patients were randomly assigned using a block method (16) in
a 1:1 ratio to receive either medical cannabis or placebo. Patients
and investigators were blind to the treatment throughout the
August 2021 | Volume 12 | Article 685289
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duration of the study. At each visit, before, during, and after the
treatment, clinical parameters of disease were assessed by
interviewing the patients. These parameters included
abdominal pain, general wellbeing, and number of bowel
movements per day (BM); the relevant disease activity index
(Lichtiger or CDAI) was finally calculated. Quality of life (QOL)
was assessed by using the SF36 questionnaire (14, 17).

Study Compounds and Treatments
UC Patients
Treatment was provided in the form of cigarettes. For the active
arm, each cigarette contained 0.5 g of dried cannabis flowers,
equivalent to 11.5 mg of THC. The cigarettes were comprised of
dried flowers of genetically identical plants of Cannabis sativa
var. Indica “Erez” (courtesy of Tikun Olam Ltd., Tel Aviv, Israel),
known to contain 23% THC and <0.5% CBD. The placebo
cigarettes contained cannabis flowers from which THC had
been extracted as previously described (18). In short, dried
flowers of Cannabis sativa var. Indica “Erez” (Tikun-Olam
Ltd., Tel Aviv, Israel), known to contain 23% THC and <0.5%
CBD and other cannabinoids, were soaked in 95% ethanol for 2
weeks. The procedure was repeated three times. Next, the flowers
were covered with a mixture of herbal spirits and 0.025%
Saccharomyces cerevisiae var. “18” (Courtesy Rimonest Ltd.,
Haifa, Israel) for three more days and then allowed to dry in
the ambient air with ventilation for 72 h. The final product was
tested for cannabinoids and shown to possess <0.4% THC with
undetectable amounts of all other cannabinoids including CBD.
Al l c igaret tes were machine-made to ensure they
looked identical.

CD Patients
Treatment was provided in the form of oil that was extracted
from Cannabis sativa var. Indica “Avidekel” (courtesy of Tikun
Olam Ltd., Tel Aviv, Israel). The composition of the oil was 8
mg/ml CBD and 2 mg/ml THC. Other cannabinoids were
present in small quantities. The starting dose was one drop
twice daily before meals, gradually raised until the patient felt a
satisfactory effect (i.e., reduction in abdominal pain and
diarrhea) or until side effects occurred. The maximal allowed
dose was 20 drops/bid (i.e., 40 drops/day) with each drop being
equivalent to 0.05 ml.
Endocannabinoid Measurements
The extraction, purification, and quantification of serum eCBs
were per formed by stab le i sotope di lut ion l iquid
chromatography/tandem mass spectrometry (LC-MS/MS) as
previously described (19). Briefly, total proteins were first
precipitated using ice-cold acetone and Tris buffer (50 mM,
pH 8.0). Next, samples were homogenized using a mixture of 0.5
ml ice-cold methanol/Tris buffer (50 mM, pH 8.0), 1:1, and 7 µl
internal standard (22.4 ng d4-AEA). Following this, the
homogenates were extracted using ice-cold CHCl3:MeOH (2:1,
vol/vol) and then washed with ice-cold chloroform for three
times. The samples were then dried under thin stream of
Frontiers in Endocrinology | www.frontiersin.org 3
nitrogen and reconstituted in MeOH. Analysis by LC-MS/MS
was conducted on an AB Sciex (Framingham, MA, USA) Triple
Quad 5500 Mass Spectrometer and a Shimadzu (Kyoto, Japan)
ultrahigh performance liquid chromatography (UHPLC)
System, while the liquid chromatographic separation was
acquired via a Kinetex (Phenomenex) column (C18, 2.6 mm
particle size, 100 × 2.1 mm). Sample levels of AEA, 2-AG, AA,
PEA, and OEA were measured against a standard curve and then
expressed as pmol/ml. Gradient elution mobile phases consisted
of 0.1% formic acid in water (phase A) and 0.1% formic acid in
acetonitrile (phase B). Gradient elution (250 ml/min) is described
in Table 1.
Immunohistochemistry
Biopsies were taken from inflamed sections in the colon. In UC,
it was from the left colon, but in CD, it varied according to the
inflammation in individual patients. Paraffin sections from
biopsies taken before the clinical trial and/or 8 weeks later
were deparaffinized in xylene and alcohol, rinsed in 1×
phosphate-buffered saline (PBS), immersed in citrate buffer
(pH 6.0), and microwaved for 15 min. Endogenous peroxidase
activity was quenched in 3% H2O2. Samples were blocked using a
goat serum and incubated with primary antibodies against
FAAH and NAPE-PLD (Table 2) overnight. After washing,
slides were incubated with horseradish-peroxidase-labeled
polymer conjugated to a secondary antibody (Table 2),
washed, and developed with AEC chromogen system (Covance
Research Products, USA). Isotype-matched control antibodies
were used to verify absence of nonspecific staining. Four and 10
patients were analyzed for NAPE-PLD and FAAH expression in
the beginning and the end of the experiments in the cannabis and
placebo groups, respectively.
QuPath Digital Analysis
QuPath analysis is a software platform (https://qupath.github.io/)
used for slide image analysis. Following staining with antibodies
against FAAH and NAPE-PLD, we used QuPath analysis to
evaluate FAAH staining in the photographed area, which
contained both crypts and stromal cells. For both analyses,
QuPath software was fixed to the following parameters: region
identification-positive pixel count (Gaussian sigma, 2 µM;
hematoxylin threshold, 0.1 OD; positive threshold, 0.2 OD (for
FAAH) and 0.1 OD (for NAPE-PLD)]. The analyses were done on
two photographs taken from two areas from each biopsy.
TABLE 1 | Gradient elution mobile phase.

Time (min) Phase A, % Phase B, %

0 50 50
3 50 50
10 30 70
15 25 75
15.5 10 90
20 10 90
21 50 50
28 50 50
August 2021 | Volume 12 | A
rticle 685289
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Caco-2 Cell Growth
Caco-2 cells (colon carcinoma cells, kindly provided by Dr.
Koltai, The Volcani Institute, Rishon-Lezion, Israel) were
grown in Dulbecco’s modified Eagle’s medium (DMEM) media
supplemented with 2 mM L-glutamine, antibiotics (50 µg/ml
streptomycin, 100 IU/ml penicillin), and plasmocin (5 µg/ml).

Cannabis Extraction
Cannabis plant samples were ground to a fine powder using an
electrical grinder. Prior to phytocannabinoid extraction, several of
the flowers underwent heat-decarboxylation in an oven at 120°C
for 1 h. Approximately 5 g of the natural or decarboxylated
flowers was accurately weighed and extracted with 50 ml ethanol.
Samples were sonicated in an ultrasonic bath for 30 min and then
agitated in an orbital shaker at 25°C for 15 min. Samples were
then filtered under pressure through Whatman filter paper
number 4, and the ethanol was evaporated under reduced
pressure at 38°C using a rotary evaporator (Laborata 4000;
Heidolph Instruments GmbH & Co. KG, Germany). For a
more detailed description of the extraction and sample
preparation, see Berman et al. (20).

Exposure of Caco-2 Cells to Cannabis
Caco-2 cells were cultured with or without the two extracts of
cannabis (Washed “Erez” with THC and Washed “Avidekel”
without THC, 10 µg/ml) made by the Department of Biology, as
described above. After 48 h incubation, the colon epithelial cells
were harvested and their proteins extracted.

Protein Extraction and Western Blotting
Caco-2 cells were washed with 1× PBS and lysed in buffer [as
previously described (21)] on ice for 10 min. Protein lysate from
1 × 105 cells was mixed (1:5) with loading buffer, denatured for
10 min at 65°C, separated on sodium dodecyl sulfate–
polyacrylamide gel electrophoresis (SDS-PAGE), and
Frontiers in Endocrinology | www.frontiersin.org 4
transferred to a polyvinylidene-difluoride membrane. After
blocking (5% dry milk), membranes were incubated at 4°C
overnight with primary antibodies against FAAH, NAPE-PLD,
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (as
described in Table 2). All antibodies were visualized using
peroxidase-conjugated secondary antibody followed by
enhanced chemiluminescence detection (Pierce, Rockford, IL,
USA). Optical densities were visualized and measured as
arbitrary units by LAS3000 Imager (Fujifilm). Results were
normalized to GAPDH using Multi-gauge V3.0 program (Fujifilm).

Statistics
Categorical variables were reported as number and percentage.
Comparisons between baseline characteristics and eCBs level
between first and third visits were evaluated by using Wilcoxon
signed-rank test (https://www.socscistatistics.com/tests/
signedranks/default2.aspx), and comparison between groups
was evaluated using Mann–Whitney test (https://www.
socscistatistics.com/tests/mannwhitney/default2.aspx).

A Student’s t-test using Excel software was used to analyze
differences between Western blot results. An effect was
considered significant when p < 0.05.
RESULTS

Thirteen patients with CD and nine patients with UC were
treated with cannabis and 17 patients with CD and 10 with UC
served as placebo groups. Clinical response of both UC and CD
groups is described in Tables 3 and 4.

The levels offive eCBs (AEA, PEA, OEA, 2-AG, and AA) were
assessed in the patients’ blood before and/or after 8 weeks of
treatment (as described in Table 5).

In CD patients (placebo and cannabis), the levels of all eCBs
remained unaltered during the treatment period (Table 6;
TABLE 3 | Clinical parameters of UC patients.

UC Number Gender M/F % Age Lichtiger score BM QOL

Visit 1 Visit 3 Visit 1 Visit 3 Visit 1 Visit 3

Cannabis 9 4/5 40 ± 16 9.7 ± 1.2 4.9 ± 1.06* 3.9 ± 1.2 1.7 ± 0.6* 72.7 ± 6.7 98.2 ± 7.3*
Placebo 10 8/2 34 ± 9 11.6 ± 0.9 8.4 ± 0.9*^ 5.4 ± 1.8 3.7 ± 1.36* 77.1 ± 3.7 82 ± 4.7^
August 2021
 | Volume 12 | Ar
Lichtiger score and BM and QOL levels in UC patients before and after cannabis/placebo use: UC patients were treated for 8 weeks with cannabis or placebo. At time 0 (visit 1) and 8
weeks following the cannabis or placebo use (visit 3), Lichtiger score, BM, and QOL levels were evaluated.
*Results significantly different from visit 1 (p < 0.05).
^Results significantly different between the placebo and the cannabis group (p < 0.05).
TABLE 2 | Antibody table.

Target Source Isotype Company Method

FAAH Rabbit Monoclonal IgG
(Clone EPR7549)

Millipore IHC, WB

NAPE-PLD Rabbit Polyclonal IgG Novusbio IHC, WB
Polymer detection kit (HRP)
Mouse/Rabbit/Rat antibodies

Zytomed IHC

GAPDH Rabbit IgG Abcam WB
Peroxidase conjugated antirabbit Goat Polyclonal IgG Jackson ImmunoResearch Laboratories) WB
ticl
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Figure 1A). However, in the placebo-treated UC patients, the
levels of PEA, AEA, and AA decreased significantly after 8 weeks
(Table 6). This reduction was prevented in cannabis-treated UC
patients (Table 6). When the analysis was performed only on
patients with data at the beginning and end of the experiment, we
found that the percent change in the levels of OEA, PEA, and 2-
AG between the two groups (placebo vs. cannabis) in UC
patients was significantly different. A similar trend was also
found in AA and AEA (Figure 1B). These results suggest that
cannabis use can affect eCBs “tone” in UC patients.

PEA, AEA, and OEA are produced by the enzyme NAPE-
PLD, while 2-AG is produced by DAGL. Therefore, we next
assessed correlations between the levels of PEA, AEA, and OEA,
and 2-AG. Indeed, we found positive correlations between the
NAPE-PLD-dependent eCBs (i.e., PEA vs. AEA, AEA vs. OEA,
and PEA vs. OEA, Figure 2), but no correlation between these
and 2-AG (data not shown). These results support the reliability
of our tests.

The level of eCBs (PEA, AEA, and OEA) decreased
throughout the study period in the UC placebo group. The
enzyme FAAH degrades all these eCBs, while the enzyme
NAPE-PLD participates in their synthesis. We assumed that
Frontiers in Endocrinology | www.frontiersin.org 5
increased levels of FAAH or decreased levels of NAPE-PLD may
contribute to the reduced eCBs level found after 8 weeks in the
UC placebo group and that cannabis consumption stabilized the
levels of these enzymes and prevented the reduction in eCBs
level. To test this hypothesis, we evaluated FAAH and NAPE-
PLD levels in biopsies of UC patients before and after 8 weeks of
treatment. We found that FAAH was expressed by the epithelial
cells and by some of the stromal cells (Figure 3A), while NAPE-
PLD was very weakly expressed by the epithelial cells of the crypt
and to a greater extent in the apical surface of the epithelial
border (Figure 3B). Very few cells in the stroma expressed
NAPE-PLD. The expression of FAAH and NAPE-PLD varied
in patients in both the placebo and cannabis groups, both at the
beginning and at the end of the experiment (Figures 3C, D). We
used QuPath digital software in order to evaluate FAAH and
NAPE-PLD levels in the biopsies. FAAH levels increased over
the 8 weeks of the study in both groups (from 6 and 4.6 to 19 and
24.6 in the placebo and cannabis groups, respectively; Figures 3A
and 4A). Combining the results from placebo and cannabis-
treated patients showed that indeed the expression levels of
FAAH significantly increased during the 8-week treatment
period (p < 0.05). These findings may explain the decrease in
TABLE 4 | Clinical parameters of CD patients.

CD No. Gender Age CDAI BM QOL

M/F Visit 1 Visit 3 Visit 1 Visit 3 Visit 1 Visit 3

Cannabis 13 6/7 34 ± 15 278 ± 22 171 ± 30.7* 5.6 ± 0.78 3.7 ± 0.8* 75 ± 5.7 94.2 ± 5.2*
Placebo 17 8/9 35 ± 9 309 ± 27 236 ± 26.7* 6.8 ± 1.18 4.1 ± 0.8* 74.5 ± 4.48 72.5 ± 5.8^
August 202
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CDAI score and BM and QOL levels in CD patients before and after cannabis/placebo use: CD patients were treated for 8 weeks with cannabis or placebo. At time 0 (visit 1) and 8 weeks
following the cannabis or placebo use (visit 3), CDAI score, BM, and QOL levels were evaluated.
*Results significantly different from visit 1 (p < 0.05).
^Results significantly different between the placebo to the cannabis group (p < 0.05).
TABLE 5 | Number of UC and CD patients.

Treatment UC CD

Before After Paired results Before After Paired results

Cannabis 9 8 8 11 13 10
Placebo 8 10 8 15 17 15
The number of UC and CD patients that participated in the study. Nineteen patients with UC and 30 patients with CD participated in the study. In some patients, sera were tested at the
beginning and end of the experiment, while as in some patients, sera were sampled only in one-time point.
TABLE 6 | Effect of cannabis on eCB levels.

OEA PEA 2AG AA AEA

Before After Before After Before After Before After Before After

UC Cannabis 16.3 ± 3.9 18.9 ± 2.35 4.2 ± 0.8 4.6 ± 0.5 10.6 ± 1.9 10.2 ± 2.7 3,806.7 ± 930 3,778.2 ± 607 460.5 ± 109 386.1 ± 62.8
UC Placebo 21.2 ± 2.3 16.9 ± 1.92 4.8 ± 0.2 3.2 ± 0.3* 13.6 ± 3.9 12.3 ± 3.9 4,552.6 ± 536 2,774.3 ± 411* 628.2 ± 62 422.9* ± 63.3
CD Cannabis 23.0 ± 3 22.8 ± 2.5 5.6 ± 0.7 5.1 ± 0.6 37.9 ± 7.5 32.6 ± 11.6 7,553.2 ± 1,785 4,943.1 ± 682 710.1 ± 94.3 737.1 ± 103
CD Placebo 27.3 ± 2.4 25.4 ± 3.3 5.1 ± 0.5 4.5 ± 0.5 37.9 ± 9.1 49.9 ± 12.7 7,957.7 ± 965 6,057 ± 661 822.3 ± 121 674.9 ± 59
The effect of cannabis and placebo treatment on eCB level in the sera of IBD patients. UC and CD patients were treated for 8 weeks with cannabis or placebo. One week before the
beginning of the experiment and 8 weeks later, blood was taken from the patients, and eCB levels were evaluated in the sera by using LC-MS/MS. eCB levels are in pmol/ml.
*Levels of eCBs before and after cannabis/placebo use are significantly different, p < 0.05.
ticle 685289
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eCBs level in UC placebo group but not the stable eCBs level
found in the cannabis group. NAPE-PLD staining was weaker,
and despite a slight increase in its levels, no significant differences
were found between the beginnings of the experiment to its end
and between the cannabis and placebo groups (Figure 4B).
Combining the results from placebo and cannabis-treated
patients, we could see a trend of increasing expression levels of
NAPE-PLD during the 8 week treatment period (p = 0.1).

Since both enzymes were expressed by the epithelial cells, we
also exposed Caco-2 (colon carcinoma cells) to two chemovars of
cannabis, with and without THC for 48 h, extracted their
proteins, and evaluated the effect of cannabis exposure on
FAAH and NAPE-PLD expression. Similar to the biopsies results,
Frontiers in Endocrinology | www.frontiersin.org 6
we found that both cannabis extracts increased NAPE-PLD levels
(placebo, p <0.05; cannabis, p = 0.08); yet, unlike the biopsy results,
they reduced FAAH expression levels (p < 0.05, Figure 4C).

Our results suggest that the levels of the FAAH and NAPE-
PLD enzymes in the two groups (cannabis and placebo) cannot
explain the decrease in the level of eCBs in the placebo group, on
the one hand, and the stability in their levels in the cannabis
group, on the other hand, and that efforts will have to be made in
the future to find the responsible mechanism.

Next, we investigated a potential correlation between changes
observed in bowel movements (BM) and QOL from the
beginning to the end of the experiment and changes observed
in eCBs level during this period. We found that the percent
A

B

FIGURE 1 | Changes in eCB levels during 8 weeks of cannabis or placebo use. (A) CD and (B) UC patients were treated for 8 weeks with cannabis or placebo.
Before the beginning of cannabis/placebo use and 8 weeks later, blood was taken from the patients, and eCB levels were evaluated in the sera by using LC-MS/MS.
The line represents eCB levels in time 0 (before cannabis use). *Results significantly different from time 0 (p < 0.05).
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reduction in the levels of BM was negatively correlated with
changes in the circulating AEA and OEA, whereas changes in the
QOL were positively correlated with the levels of 2-AG
(Figure 5). These results suggest that eCBs tone affects
UC symptoms.
DISCUSSION

Many physiological factors, such as different diseases, exercise,
sleep, and stress contribute to eCBs circulating levels. Previous
studies even showed that the response of some eCBs to stress is
different between men and women and, potentially, between
races. Therefore, determination of eCBs at multiple time points
may provide important information that cannot be obtained at a
single time point (7).

Previous observations have shown that IBD patients have
altered eCBs tone, but the effect of cannabis consumption on
eCBs was not studied. The novelty of our study is that we tested
the effect of cannabis on the patient’s eCBs blood concentration,
by measuring eCBs level in the same patients at two time points,
before and after treatment. Our self-controlled study design
overcomes the variability between eCBs level in sera collected
from different people and enables comparison of eCBs levels with
clinical parameters, which were measured at the same time. We
did not find significant changes in eCBs level in the sera of CD
patients during cannabis treatment. However, the levels of PEA,
AEA, and AA decreased significantly overtime in the placebo
group of UC patients, while cannabis consumption prevented
this decrease. The decrease in the level of eCBs in the UC placebo
group surprised us because both groups had improvement in
clinical condition. However, Lichtiger score and QOL were
improved significantly more in the UC cannabis group
compared to the UC placebo group. However, the fact that
disease activity was significantly different between the groups
at the end of the study is consistent with the changes observed in
Frontiers in Endocrinology | www.frontiersin.org 7
eCBs concentration and strengthens their reliability. It is also
possible that some of the improvement that occurred in the
placebo group was due to the placebo effect, as often
happens (22).

Since changes in eCBs were observed only in UC patients, we
continued our study only in this group. In an attempt to
understand the different effects of cannabis and placebo on
eCBs level, we continued to examine in patient’s biopsies the
expression levels of FAAH and NAPE-PLD. We found that
FAAH levels increased during the experimental period in the
placebo and cannabis groups, and NAPE-PLD showed a trend
toward elevation. These results could not explain why eCBs level
was reduced in the placebo group but not in the cannabis group.

Previous studies reported changes in eCBs levels in IBD
patients (23). Di Sabatino and colleagues showed that the
content of AEA, but not of 2-AG and PEA, was significantly
lower in inflamed versus uninflamed IBD mucosa, and this was
paralleled by a low activity of NAPE-PLD and a high activity of
FAAH (11). These findings are in line with the reduced AEA
levels and increased FAAH expression that we found in the
placebo group. In an additional study, circulating eCBs level was
compared in IBD patients and healthy controls. AEA and OEA
levels were found to be increased in UC and CD patients, while
2-AG levels were increased only in patients with CD (24).
Despite the conflicting findings [(11, 24), our data], these
results suggest that IBD can be associated with an altered
eCBs “tone.”

To the best of our knowledge, this current study that followed
cannabis-treated IBD patients over time is the first to find that
cannabis alters eCBs “tone” and prevents the reduction in eCBs
levels in UC. Previous studies showed that THC affects eCBs
level. The administration of THC was previously shown to
regulate eCBs level in mouse brains in an age- and region-
dependent manner (25). In addition, treatment with THC
increased NAPE-PLD transcription while it decreased FAAH
expression levels after 24 h, but had the opposite effect after 72 h.
A B C

FIGURE 2 | The relationship between the levels of eCBs throughout the 8 weeks trial. UC patients were treated for 8 weeks with cannabis or placebo. eCBs level
were evaluated before the beginning of the experiment and 8 weeks later. The graphs describe the changes in eCBs level as a function of the changes in other eCBs
level [(A) PEA vs. AEA, (B) AEA vs. OEA, and (C) PEA vs. OEA].
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Interestingly, AEA levels were increased after THC addition in
that experimental model (26). Similarly, we found increased
FAAH levels in the UC patients at the end of the experiment.
This could explain the reduced eCBs found in the placebo group
but not the stable eCBs level in the cannabis group. Exposure of
Caco-2 cells to cannabis yielded similar results regarding the
elevation in NAPE-PLD levels, yet opposite results regarding
FAAH expression, which increased in the biopsies but decreased
in the cells. This may reflect the fact that NAPE-PLD is expressed
only by epithelial cells, whereas FAAH is expressed by both
epithelial and stromal cells. In addition, while the biopsies reflect
Frontiers in Endocrinology | www.frontiersin.org 8
the biology of the entire organ, the in vitro system shows only the
effect on epithelial cells. These results stress the need for a
biological system that contains all cells of the organ such as a
whole biopsy culture or 3D organoids.

Altogether, other studies in different diseases and models and
our study demonstrate that cannabis alters the ECS and
specifically eCBs “tone,” but the effect is different at different
exposure times and in different cells.

Furthermore, our results suggest that another mechanism,
which is not related to FAAH or NAPE-PLD levels, is responsible
for the ability of cannabis treatment to prevent the reduction in
A B

D

C

FIGURE 3 | FAAH and NAPE-PLD expression in colon biopsies. (A, C) FAAH and (B, D) NAPE-PLD expression were evaluated in colon biopsies using
immunohistochemistry. The expression of the proteins in the images was measured using QuPath digital analysis tool. Presented are representative pictures of colon
biopsies stained with (A) anti-FAAH and (B) anti-NAPE-PLD. The yellow square in panel (A) illustrates a QuPath reading. The red markings indicate a positive staining
for FAAH, while the blue ones indicate staining with hematoxylin. (C, D) Images of FAAH and NAPE-PLD staining from three patients treated with placebo or
cannabis at the beginning of the experiment and 8 weeks later.
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eCBs levels. Additional enzymes involved in eCBs metabolism
(10, 27) have been described, and it might be that their activities
are affected by cannabis and responsible for the differences
between the placebo and cannabis groups. This assumption is
yet to be proved.

The altered eCBs level found in our study raised the question
whether changes in eCBs level have relevance to the symptoms of
UC. To try to answer this question, we tested the correlations of
BM and QOL with the levels of each eCBs. Our study revealed a
positive correlation between alterations in circulating 2-AG
levels of UC patients and QOL and negative correlations
between changes in PEA, AEA, and OEA levels of these
patients to BM. In other words, a higher eCBs level was
correlated with fewer bowel movements and a better QOL.

Indeed, bowel movements are highly affected by GI motility
and gut permeability, which are known to be modulated by the
ECS (9, 28). Specifically, AEA and 2-AG have been found to
modulate epithelial cell layer permeability (28), and AEA, PEA,
and OEA have been found to reduce intestinal motility in mice
(10, 29). This is in line with the distribution of CBRs in neurons
of the myenteric and submucosal plexuses. These previous
observations further support our results, which demonstrated
that cannabis treatment resulting in stable eCBs level reduces the
number of BM.

Another important question is raised by the differences
observed in our study between patients with CD and those
with UC. A previous study that analyzed mRNA levels of ECS-
related genes (synthesizing and degrading enzymes and
Frontiers in Endocrinology | www.frontiersin.org 9
cannabinoid receptors) found that intestinal mucosal biopsies
from UC and CD patients showed different patterns of gene
expression between the two and between those of healthy people
(24). Interestingly, while in UC patients there was an
improvement in the endoscopic activity in the cannabis treated
patients, and to a lesser degree in the placebo group, no
endoscopic improvement was observed in the CD group (14,
15). The fact that the differences in eCBs level were observed only
in the group with endoscopic improvement reinforced our
results. Nevertheless, it should be taken into account that the
two patient groups (UC and CD) were treated with two different
cannabis preparations (THC-rich cigarettes and CBD-rich oil),
and it is possible that the differences in treatment rather than the
difference in the disease were responsible for the different effect
of cannabis on the level of endocannabinoids.

The strength of our study is the availability of both clinical
data and blood samples before and after cannabis use (8 weeks).
Eight weeks of cannabis use are long enough for cannabinoids to
accumulate in adipose tissues and reach a steady state, thus truly
reflecting their effect on the ECS (30). The weaknesses are the
small group of patients. Another weakness of the study is that the
two groups of patients, UC and CD, were treated with different
cannabis preparations. Yet, we find great interest in the fact that
the results of two different cannabis preparations came
out different.

In conclusion, our study suggests that cannabis use may affect
eCBs tone in UC patients. This affect has a beneficial effect on
UC symptoms.
A B

C

FIGURE 4 | FAAH and NAPE-PLD expression levels in colon biopsies and Caco-2 cells treated with cannabis or controls. UC patients were treated for 8 weeks with
cannabis or placebo. FAAH and NAPE-PLD levels were evaluated before the beginning of the experiment and 8 weeks later by using QuPath analysis digital tool.
Panel (A) represents FAAH expression levels, and panel (B) represents NAPE-PLD expression levels. (C) Caco-2 cells were treated for 48 h with cannabis with/
without THC. The cells were then harvested and their proteins extracted and evaluated for FAAH and NAPE-PLD levels. (A) *Results significantly different from time
0; (C) *results significantly different from control.
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FIGURE 5 | The relationship between changes in eCBs level during the trial to changes in clinical parameters. UC patients were treated for 8 weeks with cannabis
or placebo. eCBs level, BM, QOL and Mayo score were evaluated before the beginning of the experiment and 8 weeks later. The graphs describe the changes in
BM as a function ofthe changes in the different eCBs level (A–E) and (F) the change in QOL as a function of 2-AG level.
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