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Cocaine use disorder (CUD) is a major public health issue associated with physical, social, and psychological problems. Excessive
and repeated cocaine use induces oxidative stress leading to a systemic inflammatory response. Cannabidiol (CBD) has gained
substantial interest for its anti-inflammatory properties, safety, and tolerability profile. However, CBD anti-inflammatory properties
have yet to be confirmed in humans. This exploratory study is based on a single-site randomized controlled trial that enrolled
participants with CUD between 18 and 65 years, randomized (1:1) to daily receive either CBD (800 mg) or placebo for 92 days. The
trial was divided into a 10-day detoxification (phase I) followed by a 12-week outpatient follow-up (phase Il). Blood samples were
collected from 48 participants at baseline, day 8, week 4, and week 12 and were analyzed to determine monocytes and
lymphocytes phenotypes, and concentrations of various inflammatory markers such as cytokines. We used generalized estimating

equations to detect group differences. Participants treated with CBD had lower levels of interleukin-6 (p = 0.017), vascular
endothelial growth factor (p = 0.032), intermediate monocytes CD14'CD16 " (p = 0.024), and natural killer CD56"*°CD16"

(p= 0.000) compared with participants receiving placebo. CD25"CD4'T cells were higher in the CBD group (p = 0.007). No
significant group difference was observed for B lymphocytes. This study suggests that CBD may exert anti-inflammatory effects in

individuals with CUD.

Neuropsychopharmacology; https://doi.org/10.1038/541386-021-01098-z

INTRODUCTION

Cocaine has been used in the past year by more than 18 million
people worldwide [1] and will trigger a cocaine use disorder (CUD) in
16% of users [2]. Excessive and repeated cocaine consumption is
associated with psychological, social, and physiological problems and
represents a major public health issue [3]. Chronic cocaine abuse and
withdrawal lead to impaired immune system, with increased pro-
inflammatory cytokines and lymphocytes [4-8]. These changes may
be explained by the overdrive of the hypothalamic—pituitary-adrenal
axis [9, 10] and the sympathetic nervous system [11, 12], generating
oxidative stress over time and promoting a systemic inflammatory
response [13-17]. Cocaine also alters tight junction proteins and
cytoskeleton of the blood-brain barrier (BBB), which increases BBB
permeability [18, 19]. This inaeased BBB permeability allows
inflammatory cells to migrate across the BBB leading to neuroin-
flammation [20-22]. In addition, CUD is associated with serious
comorbidities such as human immunodeficiency virus and hepatitis C
virus infections, skin and soft tissue infections, cardiovascular disease,
depression, and psychosis [3]. These comorbidities have an important

inflammatory component [23, 24] although their causal link with CUD
inflammatory process has not been established.

Cannabidiol (CBD), one of cannabis's major cannabinoids, has
gained substantial interest for its anti-inflammatory, anti-oxidative,
and neuroprotective properties in preclinical studies [25-27] in
addition to its favorable safety and tolerability profile [28-30].
Anti-inflammatory actions of CBD have been relatively well
investigated in animals and in vitro. Cumulating preclinical
evidence highlights that CBD decreases cytokines, monocytes,
and lymphocytes by several hypothetical mechanisms such as
cannabinoid receptor type 2 activation, peroxisome proliferator-
activated receptor y activation, and anandamide upregulation
following fatty acid amide hydrolase inhibition [25, 27, 31].
Cytokines are a broad family of immune signaling molecules
including interleukins (IL) and chemokines. Monocytes are
precursors of antigen-presenting cells acting as messengers
between the innate and adaptive immune system. Lymphocytes
T and B are the principal components of the adaptative immune
system while natural killer (NK) cells have an innate cytotoxic
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activity. All these immune molecules are key targets in the
inflammatory process.

However, CBD anti-inflammatory properties have yet to be
confirmed in humans. To our knowledge, only one clinical study in
patients with type 2 diabetes assessed CBD effects on only three
inflammatory markers: IL-6, C-reactive protein (CRP), and tumor
necrosis factor-a (TNF-a) [32]. The authors found no significant
difference between CBD and placebo groups on these markers
with a 100 mg CBD dose twice daily for 13 weeks. No study has yet
evaluated CBD anti-inflammatory action at higher dosage and in
individuals with addiction, induding CUD. Consequently, it
remains unclear if and how CBD modulates inflammatory markers
in individuals with CUD.

This study is part of a larger randomized controlled trial (RCT)
assessing CBD effects on cocaine craving and relapse in
individuals with CUD [33]. Our exploratory aim was to examine
the association between CBD and inflammatory markers in
individuals with CUD. In accordance with preclinical findings, we
hypothesized that treatment with daily oral CBD (800 mg) would
modulate inflammation by decreasing pro-inflammatory markers
and increasing anti-inflammatory markers compared with placebo
in individuals with CUD.

PATIENTS AND METHODS

Trial design

The single-site RCT was conducted at Centre Hospitalier de I'Université de
Montréal (CHUM) in Montreal, Quebec, Canada, and is described in more
details elsewhere [33]. The trial was approved by the CHUM research ethics
committee and followed relevant ethical guidelines (Helsinki Declaration,
International Standards of Good Clinical Practice, Tri-Council Policy
Statement, Health Canada division 5 guidelines). All participants gave
their written informed consent prior to enrollment. The trial was divided
into two phases. Phase | consisted in an inpatient detoxification period
lasting 10 days. Phase Il involved an outpatient follow-up period lasting
12 weeks. Participants received up to $400 for their time.

Participants

Key inclusion criteria were adults aged between 18 and 65 years diagnosed
with current CUD (Structured Clinical Interview [SCID] for DSM-V) who had
consumed cocaine within 2 weeks prior to admission. Participants needed
to speak English or French and be able to give a valid informed consent.
Key exclusion criteria were severe and/or unstable medical or psychiatric
conditions, immunodeficiency, other substance use disorder (except
nicotine) that would require treatment during the study, hypersensitivity
to cannabinoids, and use of medication that could interact with CBD.
Participants needed to successfully complete phase | to become eligible
for phase Il

Randomization and blinding

An independent biostatistician created the computer-generated randomi-
zation sequence to assign participants to CBD or placebo group in a 1:1
ratio. The stratification variables were sex [34] and baseline severity of
cocaine dependence (< or 210) assessed by the Severity of Dependence
Scale (SDS) [35]. Participants and research staff were blinded to treatment
allocation. Blinding strategies are explained elsewhere [33].

Sample size

The sample size for the RCT was calculated based on the primary outcomes
as reported elsewhere [33]. Full biobanking was done only for the first 48
participants enrolled before September 27, 2018 (CBD, n = 24; placebo,
n = 24) due to funding restrictions.

Interventions

Participants were admitted at the CHUM for a 10-day detoxification (phase
I). They received at 10a.m. either CBD (400 mg/day) or placebo (Insys
Therapeutics) on days 2 and 3. This dose was increased to 800 mg/day
from day 4 until the end of the trial for all participants except one who
experienced intolerable side effects. During phase Il (weeks 1-12),
participants were weekly given treatment bottles at each visit. The dosage
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selection was based on available safety and relevant dinical data for
relapse and craving [36].

Data collection

Blood samples were collected at 9 a.m. at the CHUM from all participants
on day 2 (baseline), day 8, week 4, and week 12 in ethylenediaminete-
traacetic vacutainer tubes. Plasma was obtained by centrifugation (1500g,
15min) and stored at —80 °C. Peripheral blood mononuclear cells (PBMC)
were isolated by density gradient centrifugation. Whole blood, diluted 2
with phosphate buffer saline (PBS), was layered over lymphocyte
separation medium (Wisent) in a falcon tube and centrifuged 30min at
300 g without brakes. PBMC were gently removed at the interface and
washed twice with a large volume of PBS. The pelleted cells were counted,
and the percentage of viability was estimated using trypan blue staining.
PBMC were cryopreserved in liquid nitrogen until use.

Inflammatory markers selection

Due to funding restrictions, we did a discovery pre-analysis with the first 12
completed participants to select markers showing a differential expression
between groups (p<0.1). The inflammatory multiplex V-PLEX Human
Biomarker 40-Plex Kit and six panels were used for the discovery phase
(corresponding author can be contacted for more details). Analyses of
markers showing a differential expression between groups were extended
to all 48 participants and are listed in Tables S1 and S2. Inflammatory
markers were analyzed using the following methods.

Flow cytometry

PBMCs were thawed and first stained with the Live/Dead Fixable cell Kit
(Invitrogen). Then, nonspecific binding sites were blocked with human
gamma globulin (Jackson Immunoresearch). Cells surface staining was
performed using fluorescent dye-conjugated monoclonal antibodies (BD
Biosciences, listed in Table S1) for 30 min at 4°C in the dark. Cells were
then washed with staining buffer (PBS-5% Bovine serum albumin-0.1%
NaNOs) and resuspended in staining buffer. Flow cytometry data were
acquired using a BDFortessa instrument (BD Biosciences) and analyzed
using FlowJo software (Tree Star).

Cytokines measurements

Peripheral soluble cytokines and chemokines were measured in cryopre-
served plasma from participants using the V-plex Ultra-sensitive kit (Meso
Scale Discovery). Table S2 lists all analytes. The kit was processed as per
manufacturer's instructions. Electroluminescent data were analyzed with a
four-parameter logistic curve fit using MSD Discovery Workbench.

Outcomes

The concentrations of cytokines and the percentages of monocytes and
lymphocytes were measured in each treatment group at baseline (day 2),
day 8, week 4, and week 12. We also measured CBD blood concentration
on day 8, week 4, and week 12. Anti-inflammatory drugs used during the
trial were also recorded.

Statistical analyses

Between-group comparisons were performed using generalized estimating
equations (GEE) with SPSS 26 software. Sex, baseline SDS score, and age
were included as covariates. Considering our small sample size, we
adjusted for levels of inflammatory markers at baseline (day 2) to account
for possible imbalances between groups. Only p values< 0.05 were
considered statistically significant. Quantitative data were normally
distributed (D'Agostino-Pearson normality test). A posteriori sensitivity
analyses were realized to assess the effect of anti-inflammatory drug use.
First, we repeated the GEE for the five main significant infllmmatory
markers excluding all participants taking anti-inflammatory drugs at least
once during the trial. Second, anti-inflammatory drug use was added as a
binary covariate in our model. To verify if our fixed CBD dose may have
affected CBD effect on inflammation, we performed a posteriori Pearson
correlations between the five main significant inflammatory markers' level
variation from baseline and weight or CBD plasma concentration. Finally,
while we did not find differences in craving between CBD and placebo
groups as previously reported [33], hypothetical mechanisms suggest that
neuroinflammation can lead to modulation of the drug-reward system and
possibly of addictive behaviors such as craving [37]. We thus conducted a
posteriori linear regressions to determine if the five main significant
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Fig. 1

Consolidated Standards of Reporting Trials (CONSORT) flowchart of participants (adapted with permission from Mongeau-Pérusse

et al. [33]). *Other reasons for exclusion were male fertility issues (n = 2), immunosuppression (n= 2), and not cumrently moderate or severe
CUD according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition criteria (n = 1). **Lost consent form and refusal to
reconsent ended participation. The data safety and monitoring board requested that no data from this participant be used in the study. CBD

cannabidiol, D day, n number of participants, W week.

inflammatory markers' level influenced drug-cue-induced craving by
treatment group.

RESULTS

Participant flow and numbers analyzed

Recruitment took place between July 20, 2016 and June 25, 2019.
Biobanking stopped on September 27, 2018, due to funding
restrictions. The first 48 (CBD, 24/40, 60.0%; placebo, 24/38, 63.2%)
participants randomized before this date provided blood samples
and were included in the analyses. Figure 1 presents participant’s
flowchart.

Demographics and clinical characteristics

Table 1 presents participants’ demographics and baseline
characteristics. Most participants were men (n=39/48, 81.2%)
with a mean (standard deviation, SD) age of 46.0 (11.0) years old.
The mean body mass index was 25.7 (4.6) kg/m>. Most participants
(n =45/48, 93.8%) had a severe CUD based on the SCID. Last
cocaine use was on average (SD) 29 (3.1) days before study
initiation. Furthermore, 14/48 (29.2%) participants also had
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another substance use disorder. All demographics and baseline
characteristics were balanced between groups.

Cytokine profiles

Figure 2 presents the cytokine profiles in each treatment group.
Both IL-6 (estimate (B) =—0.392, Wald =5.674, p=0.017, effect
size (ES)= 0.347) and vascular endothelial growth factor-A (VEGF-
A) (B=—14.417, Wald =4.600, p=0.032, ES=0.313) levels were
significantly lower in participants receiving CBD compared with
those receiving placebo. No statistically significant group differ-
ence was observed for IL-16, macrophage inflammatory protein-
1B nor for macrophage-derived chemokine (MDC). Extensive
cytokines results are presented in Table S3.

Monocyte profiles

Figure 3 illustrates the monocyte profiles in each treatment group.
Intermediate monocytes (CD147CD16") were lower in the CBD
group compared with the placebo group (B=—0.468, Wald =
5.082, p=0.024, ES=0330). No statistically significant group
difference was observed for total CD11c” monocytes, classical
(CD14'CD167), and nondassical (CD14°CD16") monocytes,
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Table 1. Demographic and baseline characteristics of participants.

Characteristics

Age, mean (SD), y
Female sex, n (%)
Weight, mean (SD), kg
Body mass index, mean (SD), kg/m*
Time between study initiation and last cocaine use, mean (SD), days
Frequency of cocaine use 2 weeks before study initiation, mean (SD), days
SDS total score, mean (SD)
SDS group, n (%)
Low (SDS < 10)
High (SDS = 10)
Severity of Cocaine Use Disorder based on the SCID, n (%)
Severe
Moderate
Preferred route of cocaine administration, n (%)
Nasal
Smoking
Non-intravenous injection
Intravenous
Highest level of schooling completed, n (%)
Less than high school
High school
More than high school
Ethnicity, n (%)
White
Other
Employment status, n (%)
Full time
Part time
Disability or employment insurance
Social welfare
Unstable condition
Marital status, n (%)
Married or common-law couple
Single
Housing status, n (%)
Stable housing
Homeless
Current substance use disorder, n (%)
Cannabis
Alcohol
Stimulant
Other
Current and past medical conditions, n (%)
Cardiovascular
Respiratory
Hepatobiliary
Gastroentorological
Genital
Hematological
Musculoskeletal

SPRINGER NATURE

Treatment group

CBD (n = 24)
466 (10.1)

4 (16.7)
749 (11.8)
25.0 (3.3)

2.1 (1.5)
7.5 (4.5)
11.1 (23)

6 (25.0)
18 (75.0)

22 (91.7)
2 (8.3)

5 (20.8)
15 (62.5)
1(4.2)
3 (125)

8 (333)
7 (29.2)
9 (37.5)

20 (83.3)
4 (16.7)

7 (29.2)
5 (20.8)
2 (8.3)

7 (29.2)
3 (125)

0 (0.0)
24 (100.0)

21 (87.5)
3 (125)
8 (333)
3 (125)
4 (16.7)
1(4.2)
2 (8.3)

4 (16.7)
6 (25.0)
6 (25.0)
2 (8.3)

4 (16.7)
0 (0.0)

7 (29.2)

Total (n— 48)
Placebo (n = 24)
454 (12.0) 46.0 (11.0)
5 (20.8) 9(18.8)
78.7 (20.4) 76.8 (16.6)
263 (5.6) 25.7 (4.6)
3.8(3.9) 29 (3.1)
6.0 (3.9) 6.8 (4.2)
119 (2.7) 115 (2.5)
5 (20.8) 11 (22.9)
19 (79.2) 37 (77.1)
23 (95.8) 45 (93.8)
1(4.2) 3 (6.3)
10 (41.7) 15 (31.3)
13 (54.2) 28 (58.3)
0 (0.0) 1(2.1)
1(4.2) 4 (83)
6 (25.0) 14 (29.2)
10 (41.7) 17 (35.4)
8 (33.3) 17 (35.4)
21 (87.5) 41 (85.4)
3 (12.5) 7 (14.6)
11 (45.8) 18 (37.5)
6 (25.0) 11 (22.9)
4(16.7) 6 (12.5)
2(8.3) 9 (18.8)
1(4.2) 4(83)
2 (8.3) 2 (4.2)
22 (91.7) 46 (95.8)
22 (91.7) 43 (89.6)
2(8.3) 5(10.4)
6 (25.0) 14 (29.2)
3 (12.5) 6 (12.5)
3(125) 7 (14.6)
0 (0.0) 1(2.1)
0 (0.0) 2 (4.2)
5 (20.8) 9(18.8)
6 (25.0) 12 (25.0)
5 (20.8) 11 (22.9)
6 (25.0) 8 (16.7)
2 (8.3) 6 (12.5)
1(4.2) 1(2.1)
4(16.7) 11 (22.9)
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Table 1 continued

Characteristics

Neurological
Endocrine
Immunological
Dermatological
Allergy
Otorhinolaryngology
Neoplasia
Other
Modified with permission from Mongeau-Pérusse et al. [33].

Treatment group Total (n = 48)
CBD (n = 24) Placebo (n=24)

7 (29.2) 4 (16.7) 11 (22.9)

0 (0.0) 3(125) 3(6.3)

0 (0.0) 1(4.2) 1(2.1)

5(2.8 2 (8.3 7 (14.6)

6 (25.0) 1(4.2) 7 (14.6)

6 (25.0) 4 (16.7) 10 (20.8)

0 (0.0) 1(4.2) 1(2.1)

6 (25.0) 3(125) 9 (18.8)

CBD cannabidiol, n number of participants, SCID structured clinical interview for the Diagnostic and Statistical Manual of Mental Disorders 5th edition (DSM-V),

SD standard deviation, SDS Severity of Dependence Scale.

dendritic cells, and myeloid-derived suppressor cells. Extensive
monocytes results are presented in Table S4.

Lymphocyte profiles
Figure 4 shows lymphocytes profile in each treatment group.
Subpopulations of CD4"T and CD8'T are presented in the Figs. 51
and S2, respectively. Total T cells, CD4 T, and CD8'T did not vary
between groups. However, subpopulation of CD25" CD4'T was
significantly higher in the CBD group compared with the placebo
group (B=0.689, Wald=7220, p=0.007, ES=0393). This
increase was caused by higher levels of CD25" CD4'Tem
(B=0.621, Wald=6.026, p=0014, ES=0.358), CD25'
CD4'Temra (B=0.586, Wald = 6.740, p =0.009, ES =0.378) and
CD25" CD4"Tn (B=0.511, Wald =5.419, p=0.020, ES = 0.340).
Total B cells, early, and late B cells did not differ between groups.
Extensive lymphocyte results are presented in Tables 55-57.
Total NK cells did not differ between groups. However, a
subpopulation of activated mature NK cells (CD56™2CD 16" cells)
with poor cytotoxic activity was significantly lower in the CBD
group compared with the placebo group (B= —0.736, Wald =
19.552, p=0.000, ES=0.643). No statistically significant group
difference was observed for the two other subpopulations of
immature NK CD56™CD16"*? and mature NK CD56¥™CD16™ cells.

CBD plasma concentrations

In the CBD group, mean (+SD) CBD blood concentration increased
during the trial from 38.79 + 15.73 ng/mL on day 8 to 54.37+43.28
ng/mL at week 4 and 88.11 + 149.05 ng/mL at week 12. CBD blood
concentrations are represented in box-whisker plots in Fig. S3.
The placebo group had no detectable CBD blood concentration
except for one participant having 0.06 ng/mL at week 12.

Anti-inflammatory drugs

Twelve (n = 12/48, 25%) participants (CBD, n = 6/24, 25%; placebo,
n=06/24, 25%) took an anti-inflammatory drug at least once
during the trial. Categories of anti-inflammatory molecules used in
each treatment group are reported in Table S8. The sensitivity
analysis excluding those participants revealed similar results as
shown in Table $9. Reduced IL-6 and NK CD56™%9CD16"M levels in
the CBD group remained statistically significant. This was not the
case for VEGF-A, intermediate monocytes CD147CD16" and
CD25"CD4'T. However, their estimate values were similar. The
sensitivity analysis in which anti-inflammatory drug use was added
as a binary covariate revealed that this covariate was not
significantly associated with outcomes, with p values ranging
from 0.592 to 0.923. All p values associated with treatment group
remained significant as shown in Table S10.

Neuropsychopharmacology

A posteriori weight correlations

Correlations between weight and inflalmmatory markers levels
difference from baseline were assessed for five statistically
significant inflammatory markers. The only statistically significant
correlation was for VEGF-A levels (p = 0.027), for which weight had
a weak effect (r=—0.397). Correlation coefficients are presented
in Table S11.

A posteriori CBD plasma concentration correlations
Correlations between CBD plasma concentration and inflamma-
tory markers levels difference from baseline were assessed for five
statistically significant inflammatory markers. No correlation was
statistically significant. Correlation coefficients are presented in
Table S12.

A posteriori linear regression for craving

Table S13 presents the results of the five linear regressions
conducted to assess the influence of the five main significant
inflammatory markers’ level on drug-cue-induced craving scores
by treatment group. No statistically significant association was
observed.

DISCUSSION

This RCT is the first to evaluate CBD immunomodulatory proper-
ties on cytokine levels and leukocyte phenotypes in a clinical
population of people who use drugs, namely cocaine. Our findings
suggest that CBD may reduce several pro-inflammatory cytokines/
leukocytes and increase anti-inflammatory cells, which confirms
our exploratory hypothesis. We observed that CBD stabilizes and/
or reduces levels of VEGF-A, IL-6, weak cytotoxic NK cells, and
intermediate monocytes compared with placebo. Moreover,
CD25"CD4"'T cells of various maturity stages, known for their
regulatory properties, were higher in participants treated with CBD
compared with those receiving placebo.

Our findings showed that IL-6 levels are lower following CBD
administration compared with placebo, which is consistent with a
recent review of preclinical studies [25]. This review showed that
when animals with various inflammatory diseases were exposed
to a dose range from 0.3 to 80 mg/kg/day during 1-46 days, all
studies reported a decrease in IL-6 levels. More recent findings
revealed an IL-6 production reduction in a dose-dependent
manner after CBD exposure (10, 50, and 100 pg/mL) in vitro to
whole human blood cells stimulated with lipopolysaccharide [38].
A near-complete inhibition of IL-6 levels was observed with CBD
concentrations of 50 and 100 pg/mL [38]. Other recent studies also
portrayed similar conclusion in favor of an IL-6 reduction following
CBD administration [39, 40]. However, the only in vivo study
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evaluating the CBD effect on IL-6 in 13 diabetic participants in a
13-week trial found no difference in IL-6 concentration between
CBD and placebo groups [32]. These negative results may be
explained by the lower CBD dose (200 mg/day) compared with the
one used in our study (800 mg/day). Considering that IL-6 is an
acute phase reactant playing several roles such as immune cells’
communication differentiation and proliferation and protein
synthesis's induction [41], IL-6 is a key target to curb the
inflammatory cascade from its initiation. Interestingly, Jadoon
et al. results for TNF-a and CRP are in line with our results from the
discovery phase where no difference was found between groups
on TNF-a or CRP concentrations.

In our study, CBD reduced VEGF-A compared with placebo.
Similar results were observed in the BBB of diabetic rats in vivo
[42] and in Kaposi sarcoma-associated herpesvirus infected
endothelial cells in vitro [43] exposed to CBD. VEGF promotes
vascular permeability and angiogenesis [44]. VEGF increases the
BBB permeability by disrupting tight junction proteins and
occluding organization, promoting neuroinflammation [45-47],
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which may result in poor psychological outcomes such as
depression, anxiety, psychosis [48, 49], and neurodegenerative
disorders [50]. VEGF inhibition by anti-VEGF antibody has shown
promising results to decrease BBB disruption in ischemic rats’
brain to reduce neuroinflammation [51, 52]. Considering that
cocaine promotes neuroinflammation by similar mechanisms as
VEGF activation, CBD capacity to decrease VEGF levels may
promote BBB impermeability, thereby reducing neuroinflamma-
tion and associated psychiatric comorbidities.

Our study demonstrated a significant group difference for one
of the three monocyte subtypes, intermediate monocytes, with
CBD group having lower levels. Although preclinical studies did
not assess monocyte phenotypes specifically, their results on total
monocytes are in line with a decrease of monocytes induced by
CBD. In vitro, CBD induces human monocyte apoptosis [53].
Furthermore, CBD decreases monocyte adhesion and monocyte
transendothelial migration in human coronary artery endothelial
cells exposed to high glucose concentrations [54]. Intermediate
monocytes are involved in the production of various inflammatory
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Fig. 3 Monocytes profile of the cannabidiol group compared with the placebo group at baseline (day 2), day 8, week 4, and week 12.
Individual percent ages of total CD11c™ monocytes, classical monocytes (CD14 CD16 ), intermediate monocytes (CD14 CD16 "), nonclassical
monocytes (CD14'°CD16"), dendritic cells (DC), myeloid dendritic cells (mDC), monocytic myeloid-derived suppressor cells (mMDSC),
granulocytic myeloid-derived suppressor cells (gMDSC) are presented in column scatter plots. The mean and standard deviation (SD) are
expressed with horizontal and vertical bars, respectively. *Indicates p value < 0.05. CD cluster of differentiation, D day, W week.
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Fig. 4 Lymphocytes profile of the cannabidiol group compared with the placebo group at baseline (day 2), day 8, week 4, and week 12.
Percentages of total natural killer (NK) cells, NK CD56*™CD16", NK CD56"'CD16"%%, NK CD56™*°CD16", total T cells, CD4 T, CD8 T, total B cells,
early B cells, and late B cells are presented in column scatter plots. The mean and standard deviation (SD) are expressed with horizontal and
vertical bars, respectively. *Indicates p value < 0.05; **Indicates p value < 0.01. CD cluster of differentiation, D day, W week.
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molecules such as reactive oxygen species, pro-inflammatory
lymphocytes [55-57] and have been related to atherosclerosis
development [58, 59]. Reducing circulating intermediate mono-
cytes number, which play key pro-inflammatory functions by their
role in linking innate and adaptative immunity, may be a useful
therapeutic target in CUD patients.

We observed no significant group difference on total B cells, as
well as in their maturity stage. This is inconsistent with previous
preclinical studies in an allergic model reporting a decrease in B
cells in rats receiving CBD [60] and a decrease in antibodies
immunoglobulins M and G in mice exposed to CBD prior to
ovalbumin sensitization [61], which were not assessed in our
study. Similarly, no group difference was observed in total T
lymphocytes nor CD4'T and CD8'T cells. It is somehow contra-
dictory with results in rodents showing that CBD induces T-cell
apoptosis [62] and decreases number of total T cells as well as
CD4'T and CD8'T subpopulations [60]. However, our results
revealed significant higher levels of CD25"CD4'T cells of various
maturity stages in the CBD group compared with the placebo
group. This is consistent with a study demonstrating CBD
induction of CD251CD4"T in mice [63]. CD25"CD4'T are recently
activated T cells including regulatory T cells (Tregs) in a significant
proportion [64] as determined by intracellular expression of FoxP3,
among others [65]. Tregs are known for their immunosuppressive
activity that inhibits T-cell activation and proliferation both in vitro
and in vivo [66, 67]. Tregs can also promote anti-inflammatory
monocytes [68]. Furthermore, intermediate monocytes can also
modulate the presence of Tregs in patients [69]. Therefore, this
may suggest that CBD plays it immunosuppressive activity in
humans through interactions between intermediate monocytes
and Tregs. Future studies are needed to confirm the immuno-
suppressive properties of CBD-induced CD25"CD4'T.

We found that CBD diminished only the percentage of NK
CD56™°9CD16™. NK CD56™9CD16" is a subpopulation of NK that
has a poor cytotoxic activity [70] compared with other NK
populations. Although no other study investigated the effects of
CBD on NK population CD56™9CD16™ specifically, one study
assessed the total number of NK in rats. After 14 days of
treatment, the number of NK was not affected by a 5 mg/kg CBD
dose but was increased by a 2.5 mg/kg CBD dose compared with
placebo [601. This suggests that NK cells react differently to CBD
exposure depending on its dose. Our fixed 800mg dose
corresponds to a mean (SD) of 10.9 (1.8) mg/kg. This dose in
humans seems to remove the weak NK cells without affecting the
effective cytotoxic NK cells essential for immune surveillance [71].

This study has several limitations that should be considered
when interpreting results. First, the discovery pre-analysis to select
markers was only done for the first 12 participants. This may have
underpowered our pre-analysis to detect group differences and
some pertinent markers may have been excluded for the full
analysis. Second, the small sample size for which we collected
blood samples may have underpowered our full analysis. Third,
our participants could use other drugs during the 12-week follow-
up (phase Il), which may have impacted inflammatory markers. As
stated in the main article [33], a high relapse rate occurred in both
groups for cocaine consumption and 14/48 (29.2%) participants
also had another active substance use disorder. Concomitant use
of other drugs may have masked CBD anti-inflammatory potential.
However, cocaine use was similar in both groups during the trial
and other substance use disorders were well balanced after
randomization. Fourth, taking anti-inflammatory drugs was not
prohibited during the trial, which may have decreased inflamma-
tory markers levels. However, our sensitivity analyses revealed
similar trends after excluding participants who took an anti-
inflammatory drug at least once and after adding anti-
inflammatory drug use as a binary covariate in our statistical
model. Fifth, our high attrition rate (n =9/48, 18.75%) may have
affected our external validity although it is consistent with attrition
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rates reported in CUD population [72]. Sixth, we did not adjust for
multiple comparison considering the exploratory nature of this
analysis. Therefore, we should exercise caution when interpreting
and generalizing our results. Seventh, mean CBD blood concen-
tration raised over the ftrial, suggesting that bioavailable CBD
increased with treatment duration. Despite satisfactory treatment
adherence as previously reported [33], we observed relatively
wide standard deviation, which suggests heterogenous individual
CBD metabolism. Haney et al. also observed notable variability in
CBD plasma concentrations after supervised administration of 800
mg oral CBD, with peak concentrations varying between 1.6 and
271.9 ng/mL (mean: 77.9 ng/mL) [73]. The CBD dose was fixed and
a dose adjusted to participants’ weight may have been more
appropriate to decrease variability in plasma concentrations
between participants. However, our a posteriori analyses revealed
that CBD plasma concentration did not correlate with levels of
inflammatory markers. Last, we did not look at the effects of
inflammatory levels on clinical correlates except for craving, which
was not significantly associated with inflammation markers.

To our knowledge, this is the first study assessing CBD effects
on a broad spectrum of inflammatory markers in a human
population, namely individuals with a substance use disorder.
Considering increased cannabis use and accessibility worldwide
due to its legalization and growing therapeutic use, it is crucial to
understand the biological effects of its consumption. Our results
highlighted promising anti-inflammatory properties of 800 mg
per day of CBD that should be replicated in future studies. Other
dosage regimen should be tested to establish the optimal CBD
dose for reducing inflammation. There is also a need to further
explore the clinical benefits associated with CBD inflammatory
reduction. Populations with substance use disorder have many
comorbidities with an inflammatory component such as cardio-
vascular disease, psychosis, and depression [3]. CBD could
potentially have long-term effects on inflammatory burden
development and progression that should be explored in a harm
reduction perspective. Considering its safety and tolerability
profile [28-30], it could also be timely to assess CBD effects in
other inflammatory conditions in humans.
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Questso 1

Néo respondido

Vale 1,00 ponto(s).

(46 (mais recente))

Avalie as seguintes afirmagdes em relagdo ao uso da cocaina e aos efeitos do Cannabidiol (CBD) em individuos com Transtorno por Uso de
Cocaina (CUD).

I. Mais de 18 milhdes de pessoas em todo o mundo utilizaram cocaina no dltimo ano.

IIl. O abuso crénico de cocaina pode resultar em danos ao sistema imunoldgico, caracterizado pelo aumento de citocinas pré-inflamatoérias e
linfécitos.

Ill. A barreira hematoencefalica é afetada pelo uso de cocaina, resultando em aumento da permeabilidade e contribuindo para a
neuroinflamacgao.

IV. O CBD ¢é reconhecido por suas propriedades anti-inflamatérias, antioxidantes e neuroprotetoras, conforme evidenciado por estudos pré-
clinicos.

V. Um estudo clinico recente com pacientes com diabetes tipo 2 demonstrou que o CBD, administrado a uma dose de 100 mg duas vezes ao
dia por 13 semanas, reduziu significativamente os marcadores inflamatérios IL-6, CRP e TNF-a.

Escolha uma opcéo:

ViV, FV, F
FEV.V.FEV
FEEREV,V

V,EV.FF

Questso 2

Né&o respondido

Vale 1,25 ponto(s).

(u6 @e o))

Com relacdo aos principais aspectos metodoldgicos do estudo, selecione a alternativa CORRETA:

Escolha uma opcdo:

Durante a coleta de dados, as amostras sanguineas foram obtidas nos dias 2, 8, semana 4 e semana 12. A selecdo de marcadores
inflamatorios foi baseada em anélises prévias de 48 participantes, com extensdo para todos os participantes.

A fase | incluiu um periodo de desintoxicacdo de 10 dias, seguido por uma fase ambulatorial de 12 semanas, quando os participantes
receberam tratamento semanal. As analises estatisticas foram ajustadas para os niveis basais de marcadores inflamatorios.

Na fase Il, os participantes receberam CBD ou placebo em uma proporcdo de 1:1, com randomizacdo baseada no sexo e na gravidade
inicial da dependéncia de cocaina. As analises estatisticas ajustaram-se para as diferencas basais.

A fase | do ensaio consistiu em um periodo ambulatorial de 12 semanas, durante o qual os participantes receberam doses crescentes de
CBD. As analises estatisticas foram realizadas apenas nos primeiros 12 participantes.



Questio 3

Néo respondido

Vale 1,75 ponto(s).

(46 (mais recente))

Com relagdo aos principais aspectos metodoldgicos do estudo, selecione a alternativa INCORRETA:

Escolha uma opcéo:

N&o houve diferenca significativa nos niveis de NK CD56"3CD16M entre os grupos, indicando que o CBD néo afetou substancialmente
essa subpopulacdo de células natural killer.

Os niveis de IL-6 e VEGFA foram significativamente mais baixos no grupo CBD em comparagdo com o grupo placebo, indicando efeitos
anti-inflamatérios do CBD.

A concentragdo plasmatica média de CBD no grupo CBD aumentou durante o estudo, sendo 88.11 + 149.05 ng/mL no final do estudo,
demonstrando a aderéncia a intervengdo proposta.

A subpopulacdo de CD25* CD4*T foi significativamente maior no grupo CBD, sugerindo uma resposta imunolégica diferencial em
comparagao com o grupo placebo.

Questio 4

Néo respondido

Vale 3,00 ponto(s).

(47 (mais recente))

A partir dos principais aspectos metodoldgicos do estudo, (i) descreva o desenho do ensaio clinico, incluindo as fases, critérios de
inclusdo/exclusdo e randomizacao, explicando como o procedimento de cegamento foi realizado e fornega informagdes sobre o tamanho da
amostra. Em seguida, (ii) detalhe as intervencdes, métodos de coleta de dados e andlises estatisticas utilizadas no estudo. Finalmente, (iii)
destaque as etapas da selegdo de marcadores inflamatérios e as abordagens utilizadas para medi-los, tanto por citometria de fluxo quanto por
ensaios de medicdo de citocinas solUveis.
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Questio 5

Néo respondido

Vale 3,00 ponto(s).

(46 (mais recente))

Aponte os principais achados do estudo em relacdo aos efeitos do CBD nas populagdes de células imunes e citocinas, destacando a influéncia

do CBD em mediadores pro e anti-inflamatérios.

A 1



