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ABSTRACT

Cannabidiol (CBD) has emerged as a potential treatment option for various psychiatric disorders, including substance use disor-
ders. This systematic review is aimed at reviewing the evidence regarding the safety and efficacy of CBD as a therapeutic option
in opioid use disorder (OUD) treatment in clinical and preclinical studies. We searched MEDLINE, Embase, PsycINFO, Scopus,
Web of Science, CDSR and CENTRAL up to December 2023. We included original peer-reviewed human and animal studies
evaluating CBD for OUD outcomes and excluded those that did not report OUD outcomes or used CBD solely with THC. The risk
of bias was assessed with the Cochrane risk-of-bias tool for human studies and SYRCLE's tool for animal studies. Due to outcome
heterogeneity, findings were presented using a qualitative synthesis. Four clinical studies (74 participants) and 16 preclinical
studies met the inclusion criteria. The collective evidence from clinical and preclinical studies indicates that CBD holds promise
as an adjunctive therapy for OUD with a well-tolerated profile during opioid use and withdrawal. Human clinical studies demon-
strated a reduction in craving and alleviation of abstinence-induced anxiety. In preclinical studies, CBD has been shown to
reduce withdrawal symptoms and diminish opioid-rewarding effects using the conditioned place preference paradigm, although
the results are mixed, and not all preclinical studies reported these effects. The quality assessment for clinical studies indicated
an overall evaluation of ‘some concerns’, while a notable level of ‘unclear’ risk was observed across the evaluated domains for pre-
clinical studies. This systematic review highlights the potential of CBD as a beneficial treatment option for addressing cravings
and anxiety symptoms during abstinence in individuals with OUD, based on findings from human studies. Continued research
and clinical trials will be essential for further improving outcomes in OUD treatment using novel effective treatment approaches.
Study limitations include the limited number of clinical studies, small sample size, short-term follow-up, lack of combination
therapy and heterogeneity across preclinical studies.
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1 | Introduction

Opioid use disorder (OUD) has become an escalating global
problem, with significant morbidity and mortality affecting
more than 20 million people worldwide, resulting in more than
80000 opioid-related deaths and approximately 13000 person-
year disability-adjusted life years in 2019 [1]. The economic
burden of OUD exceeded a trillion dollars in 2017, primarily
driven by reduced quality of life and the value of lives lost to
fatal opioid overdoses [2]. While medications such as buprenor-
phine or methadone have proven effective in reducing opioid
use, increasing treatment retention and reducing all-cause mor-
tality, a major challenge remains in ensuring broader access
and retention, with many patients still experiencing relapse and
prematurely discontinuing treatment [3, 4]. Despite their proven
efficacy, only about 25% of individuals with OUD in the United
States received medication for OUD, and treatment retention re-
mains suboptimal [5]. Furthermore, opioid substitution therapy
primarily targets the mu-opioid receptor (MOR), leading to re-
ceiving long-term maintenance opioid [6]. Given the lack of es-
tablished augmentation options for OUD treatment, there is an
urgent need to identify novel and potentially effective treatment
approaches for individuals with OUD.

The endocannabinoid (eCB) system has emerged as a significant
focus of interest due to its intricate interplay with the endoge-
nous opioid system [7]. Both the cannabinoid receptor type 1
(CB1R) and the opioid MOR are Gi/o-coupled receptors, shar-
ing anatomical and functional characteristics [8], which result
in overlapping behavioural effects, such as sedation, analgesia
and reward perception [9, 10]. Research has highlighted the
synergistic effects and cross-tolerance between cannabinoids
and opioids [11-13]. Anatomically, a bidirectional modulation of
their rewarding and reinforcing properties has been observed
in key brain regions involved in addiction, including the ven-
tral tegmental area (VTA), nucleus accumbens (NAc) and basal
ganglia [14-16]. This dynamic interaction between the endog-
enous opioid system and the eCB system offers potential ther-
apeutic avenues for targeting the eCB system in treating OUD
[17]. Additionally, as a major stress regulatory network, the
eCB system may significantly influence stress-induced opioid
craving and relapse in OUD [18]. The eCB system also inter-
acts with other neural circuits, including dopamine, gamma-
aminobutyric acid and glutamate systems, that are involved
in cognitive processes related to reward processing, emotional
regulation and stress response [19-21]. Therefore, further explo-
ration of targeting the eCB system in OUD treatment is crucial
for developing potential novel effective therapeutic strategies
for OUD.

Cannabinoids such as cannabidiol (CBD) and delta-9-
tetrahydrocannabinol (THC) interact with the eCB system in
diverse ways [22-24]. The two primary receptors in the eCB
system are CB1R and cannabinoid receptor type 2 (CB2R),
which bind to the main endogenous eCB ligands, anandamide
(AEA) and 2-arachidonoylglycerol (2AG) [18]. THC, the primary
psychoactive component of cannabis, acts as a partial agonist
at these receptors [25], while CBD, a nonaddictive and non-
psychoactive component of cannabis, activates other targets,
though its exact mechanism of action is still being explored [26].
Specifically, CBD, with lower affinity for CB1/2R, indirectly

modulates eCB system activity by inhibiting fatty acid amide hy-
drolase (FAAH), AEA degrading enzyme, leading to increased
AEA levels. Other proposed mechanisms of action for CBD in-
clude interacting with TRPV1 for pain regulation, GPR55 for
neuromodulation and PPARY for anti-inflammatory effects [27].

Growing evidence over recent decades suggests that targeting
the eCB system in treating OUD is promising. Several preclin-
ical studies have demonstrated that the modulation of the eCB
system can reduce opioid-seeking and opioid withdrawal be-
haviours [28, 29]. Similarly, human studies have reported that
the eCB system modulators are effective in attenuating opioid
withdrawal symptoms, craving and reinforcing effects of opi-
oids [30-32]. Although research on the effects of cannabis on
OUD treatment remains inconclusive [33], emerging evidence
highlights the potential therapeutic use of CBD, which is al-
ready FDA-approved for treating refractory seizure disorders,
with safety and tolerability demonstrated in numerous trials
[34]. Furthermore, several studies have reported CBD's anxio-
lytic effects in clinical and preclinical studies [22-24]. Given the
crosstalk between the eCB and endogenous opioid system, the
eCB system's involvement in drug-seeking behaviours, its cen-
tral role in stress regulation and CBD's reported safety and tol-
erability, it is imperative to understand its therapeutic potential
in OUD [35]. This systematic review summarizes the available
evidence for CBD's potential effectiveness in treating OUD, fo-
cusing on its effectiveness in reducing cravings, alleviating anx-
iety and controlling withdrawal symptoms, particularly in the
abstinence and recovery phases of OUD treatment.

2 | Methods
2.1 | Search Strategy

We adhered to the PRISMA guidelines checklist to report the
findings of this systematic review. A health sciences librarian
specializing in search strategy development for systematic re-
views in the mental health field crafted the search strategies.
The initial search strategy was created with inputs from the
research team and subsequently peer-reviewed by a second li-
brarian, who was not otherwise associated with the project,
using the PRESS standard. Our search strategy focused on two
main key terms: (1) terms related to CBD and (2) terms related to
OUD. Detailed search strategies can be found in Table S1. The
search was performed on November 17, 2022, and subsequently
updated on December 4, 2023, to include the most recent and
relevant studies.

2.2 | Information Sources

We conducted searches in major online international scientific
databases, including MEDLINE, Embase, PsycINFO, Scopus,
Web of Science, Cochrane Database of Systematic Reviews
(CDSR) and Cochrane Central Register of Controlled Trials
(CENTRAL). To ensure literature saturation, we scanned
the reference lists of included studies and reviews identified
through the search (backward citation tracking). The electronic
database search was supplemented by searching the Clinical
Trials Registry Platform Search Portal and ClinicalTrials.gov.
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Additionally, we searched PROSPERO for any relevant ongoing
or recently completed systematic reviews. Where necessary, we
sought additional data from study authors to address questions
about eligibility.

2.3 | Eligibility Criteria

We included full-length original human and animal studies
published in peer-reviewed journals that evaluated the effects of
CBD on OUD, encompassing randomized controlled trials, con-
trolled clinical trials, cluster trials, cohort studies, case-control
studies, cross-sectional studies, case series, case reports and
preclinical studies. We excluded studies that either (1) did not
report any outcomes related to OUD, focusing instead on other
outcomes such as pain management, anxiety or epilepsy, or (2)
used CBD only in combination with THC.

2.4 | Data Management

Literature search results were uploaded to EndNote [36] and
deduplicated using the Reference Deduplicator [37]. More du-
plicates were found after uploading this set to Covidence, an
internet-based software program that facilitates reviewers' col-
laboration during the study selection process.

2.5 | Selection Process

The team developed screening questions based on eligibility
criteria and adjusted them as needed after pilot screening the
first 1569 records. Reviewers (K.I., Y.R.-A., JW., A.M.A. and
N.P.) independently screened the titles and abstracts yielded by
the search against the exclusion criteria. We obtained full re-
ports for all titles that appeared to meet the inclusion criteria or
where there was uncertainty. Pairs of review authors (M.S., K.L.,
Y.R.-A.,JW.,, M.G., A.M.A. and N.P.) then screened the full-text
reports to determine whether they met the inclusion criteria.
Disagreements were resolved through discussion or by con-
sulting a third reviewer. A total of 101 disagreements occurred
at the title and abstract screening and eight at the full-text re-
view stage.

2.6 | Data Extraction
2.6.1 | Data Items

We extracted bibliographic information and publication sta-
tus, trial design, trial size, the type of opioid, the generic and
trade name of the CBD, the type of control, the route of admin-
istration and dosages and frequency and duration of treatment
in each arm for all of the included studies. For clinical studies,
patients’ demographic characteristics, medication for OUD,
OUD definition, outcome definition and outcome measures
(adverse effects, withdrawal manifestations, cravings, relapse
and standardized scales) were extracted. Animal models and
animal behavioural outcomes, including withdrawal mani-
festations, conditioned place preference (CPP), drug-seeking
behaviours and other experimental paradigms, were also

extracted from preclinical studies. Due to the heterogeneity
of the outcomes, the summary findings of the included studies
were presented using a qualitative synthesis, without further
data synthesis.

2.6.2 | Quality Assessment/Risk of Bias (ROB)

We assessed human studies’ ROB using the Cochrane ROB tool
for clinical studies, which covers sequence generation, alloca-
tion concealment, blinding, incomplete outcome data and selec-
tive outcome reporting. For animal studies, we used SYRCLE's
ROB tool. Two review authors (M.S., M.G. and A.M.A.) inde-
pendently made these assessments. There were a total of six
disagreements during ROB, which were resolved through dis-
cussion by consulting a third author for arbitration.

3 | Results

Our search resulted in 3224 papers (1569 after removing the du-
plications), and 79 were selected for full-text reading (Figure 1).
Ultimately, the eligibility criteria were met by four clinical and
16 preclinical studies.

3.1 | Clinical Studies

This systematic review identified four clinical studies: three
investigating the use of CBD in the treatment of OUD and one
examining the coadministration of CBD with opioids in healthy
subjects. The studies were published between 2015 and 2022
and consisted of three double-blind, randomized, placebo-
controlled trials and one single-arm open-label pilot trial. The
studies evaluated different doses of CBD, ranging from 400 to
800 mg (Table 1).

3.1.1 | Clinical Outcomes for OUD Treatment

Hurd et al. [38] conducted a double-blind, randomized,
placebo-controlled clinical trial to evaluate the potential ther-
apeutic effects of CBD in individuals with OUD who were
not receiving medication for OUD treatment. Participants
received a 400 or 800mg dose of CBD (once daily for 3 con-
secutive days). The results indicated that CBD administration
significantly reduced cue-induced craving, natural opioid
craving and anxiety in study participants, suggesting its po-
tential as a promising treatment option for OUD. Additionally,
CBD was found to lower physiological measures, including
heart rate and salivary cortisol levels. There were no signifi-
cant effects on cognition, and no serious adverse effects were
observed.

Suzuki et al. [39] investigated the effect of CBD on cue-induced
craving in individuals with OUD on buprenorphine treatment
in a single-arm open-label pilot trial. The study assessed cue-
induced craving using a visual analogue scale before and after
administering 600mg CBD once daily for 3 consecutive days.
The findings indicated a significant reduction in cue-induced
craving following CBD dosing. The study did not find any
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Studies from databases/registers (n = 3224)

Number of results from each database:

MEDLINE (n = 536)
Embase (n =1177)
Psycinfo (n = 147)

Web of Science (n = 604)
Scopus (n =571)
CDSR (n =3)

Central (n = 186)

References removed (n = 1655)

Duplicates identified manually (n =9)
Duplicates identified by Covidence (n = 29)
Marked as ineligible by automation tools (n =

1617)

Studies screened (n = 1569)

Studies excluded (n = 1490)

v

Studies sought for retrieval (n = 79)

Studies not retrieved (n = 0)

v

Studies assessed for eligibility (n = 79)

Studies excluded (n =53)
Corrigendum (n = 1)
Review article (n = 19)
Study protocol (n =12)
Wrong outcomes (n = 1)
Comment article (n =3)
Wrong intervention (n = 3)
Wrong study design (n = 4)
Full text not found (n = 5)
Full text not in English (n = 3)
Wrong patient population (n = 2)

Publications included in review (n = 26)

Publications excluded (n = 6)
Abstracts (n = 2)
Corrections (n=1)

Preprint (n =1)
Reviews (n=1)
Thesis (n=1)

Studies included in review (n = 20)

PRISMA flow diagram.
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significant changes in scores for depression, anxiety, pain or
opioid withdrawal symptoms.

In another double-blind placebo-controlled cross-over pilot trial,
Suzuki et al. [40] investigated the impact of CBD on reward- and
stress-related neurocognitive processes among individuals with
OUD receiving treatment with buprenorphine or methadone. In
this cross-over study, participants either received a single dose of
CBD (600mg) or a placebo during each of the two test sessions,
and cue-induced craving (measured by a visual analogue scale)
and attentional bias toward drug-related cues (measured by a vi-
sual probe task) were assessed. Additional assessments, including
decision-making, delayed discounting, distress tolerance, stress re-
activity, opioid withdrawal, mood states and vital signs, were also
explored. Findings revealed that a single dose of CBD significantly
reduced cue-induced craving and attentional bias toward drug-
related cues, while other measures remained unchanged.

3.1.2 | Safety Profile

The safety profile of CBD in combination with opioids was first
assessed in a double-blind, placebo-controlled, cross-over study
by Manini et al. [41]. In this study, the safety and pharmaco-
kinetics of orally administered CBD in combination with intra-
venous fentanyl were investigated in healthy participants with
prior opioid exposure. The results of the study showed that CBD
at doses of 400 and 800 mg did not exacerbate the adverse effects
associated with fentanyl, and the coadministration of CBD and
fentanyl was safe and well-tolerated.

3.1.3 | Quality Assessment

The ROB assessment using the Cochrane ROB 2 tool for the
clinical studies is presented in Figures 2 and 3. Three stud-
ies, Manini et al. [41], Hurd et al. [38] and Suzuki et al. (2023)
[40], exhibited an overall assessment of ‘some concerns’. It is

important to note that Suzuki et al. [39] was a pilot open-label
study, which was not expected to fully satisfy the ROB tool crite-
ria for randomized clinical trials.

3.2 | Preclinical Studies

This systematic review identified 16 preclinical studies that in-
vestigated the use of CBD in opioid-induced animal models. The
studies were published between 1975 and 2023, and there were
seven mouse models, eight rat models and one primate model
experimental study (Table 2). Here, we have systematically cat-
egorized the literature based on the primary models utilized in
each study. Some studies employed multiple models to evaluate
the effects of CBD.

3.2.1 | Opioid Withdrawal Models

While a few studies showed significant effects of CBD on reduc-
ing opioid withdrawal symptoms [42, 43], some others did not
find any effects or only reported its effectiveness in combination
with THC [44-46].

Bhargava et al. [42] investigated the effects of various intra-
peritoneal cannabinoids on naloxone-precipitated withdrawal
in morphine-dependent mice. The study found that all the
cannabinoids inhibited the naloxone-precipitated opioid with-
drawal syndrome, as evidenced by an increase in the nalox-
one ED50 and suppression of opioid withdrawal symptoms,
such as defecation and rearing behaviour. The relative effec-
tiveness of the cannabinoids in inhibiting opioid withdrawal
syndrome appeared to follow the order of delta9-THC > delta8-
THC > 11-hydroxy-delta8-THC > CBD > cannabinol (CBN).
Scicluna et al. [43] investigated the efficacy of CBD on reducing
the severity of gastrointestinal symptoms during opioid with-
drawal in male and female mice and reported dose-dependent
effects of CBD on the reduction of the gastrointestinal symptoms

Risk of bias domains

Domains:
D1: Bias due to randomisation.

D2: Bias due to deviations from intended intervention.

D3: Bias due to missing data.
D4: Bias due to outcome measurement.
D5: Bias due to selection of reported result.

Judgement

® Hion

= Some concerns

. Low

FIGURE2 | Risk of bias assessments for clinical studies using the revised Cochrane risk-of-bias tool for randomized trials (RoB 2). Suzuki et al.'s

(2022) study was a single-arm open-label pilot study.
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Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

0%

25% 50% 75% 100%

. Low risk of bias D Some concerns . High risk of bias

FIGURE 3 | Summary of risk of bias assessments for clinical studies.

during both precipitated and spontaneous withdrawal in male
mice. Additionally, CBD inhibited precipitated withdrawal-
induced paw tremors in males and jumps in female mice.

However, two other early studies did not find any significant
effects of CBD on opioid withdrawal symptoms. Hine and
Friedman et al. [45] aimed to determine the effect of THC and
CBD on naloxone-precipitated morphine withdrawal symp-
toms in morphine-dependent rats. While THC at higher doses
significantly reduced the frequency of wet shakes, escapes and
abstinence scores, CBD did not reduce any of the opioid with-
drawal symptoms. In the next step, Hine and Torrelio et al. [46]
investigated the interaction of CBD and THC on morphine ab-
stinence with a similar design. Similar to the previous study,
CBD alone did not significantly reduce morphine withdrawal
symptoms, while THC significantly did. However, there was
a synergistic effect observed with the combination of CBD
and THC, indicating greater efficacy in reducing withdrawal
symptoms. Similarly, Chesher and Jackson [44] investigated
the effect of different cannabinoids, including CBN, CBD and
THC, on quasimorphine withdrawal syndrome (QMWS) in
rats in a placebo-controlled experiment. Compared to pla-
cebo, none of the three doses of CBD (5, 20 or 80 mg/kg) could
decrease the mean withdrawal score, whereas THC and CBN
significantly lowered it.

3.2.2 | CPP and Aversion Models

A few animal models used the CPP paradigm to investigate
the effects of CBD on the opioid administration rewarding
effects or opioid + naltrexone aversion model. These stud-
ies demonstrated that CBD attenuates opioid CPP and opi-
oid + naltrexone aversive effects. de Carvalho and Takahashi
[47] examined the effects of CBD on the reconsolidation of
contextual drug-associated memories in rats using a CPP par-
adigm with morphine, cocaine and naltrexone-conditioned

place aversion. This study found that CBD significantly re-
duced morphine-CPP and suppressed subsequent naltrexone-
precipitated conditioned place aversion. Similarly, Markos
et al. [48] evaluated the effects of various doses of CBD on the
development of morphine-CPP in mice and found that CBD at
a dose of 10.0mg/kg significantly lowered preference scores
compared to the vehicle group.

The potential differences between CBD and a novel CBD an-
alogue, CBD-val-HS, were investigated by Harris et al. [49]
who reported that CBD did not attenuate oxycodone place
preference while CBD-val-HS decreased CPP effects at a dose
of 8 mg/kg. Additionally, CBD-val-HS alone produced an an-
algesic effect, specifically in a nociceptive hot plate assay. In
an experimental mouse model, Souza et al. [50] explored the
effects of CBD on the expression of conditioned place aversion
induced by naloxone-precipitated morphine withdrawal. The
results demonstrated that CBD administration at doses of 30
and 60 mg/kg attenuated the expression of conditioned place
aversion.

3.2.3 | Self-Administration Models

We found one study on the effects of CBD on cue-induced her-
oin self-administration and drug-seeking behaviours. In an
experimental rat model, Ren et al. [51] reported that CBD did
not modify heroin self-administration; however, it could specif-
ically reduce drug-induced reinstatement and attenuate heroin-
seeking behaviours.

3.2.4 | Multiple Approaches
As a part of a study investigating psychotropic side effects of

intra-vHipp THC and CBD, Hudson et al. [52] explored the ef-
fects of intra-vHipp THC and CBD on opioid reward processing
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in male rats. THC significantly increased the percentage of time
spent in the morphine context relative to the vehicle, whereas
CBD reduced the time spent in the morphine context. Moreover,
CBD coadministration with THC reversed the potentiation of
reward memory salience induced by THC.

Navarrete et al. [53] investigated the effects of CBD on be-
havioural and gene responses in heroin-exposed male mice. The
study utilized a mouse model and found that CBD at doses of
5, 10 and 20 mg/kg significantly reduced behavioural responses
associated with heroin withdrawal, such as anxiety-like be-
haviour, motor activity and somatic signs. Additionally, CBD
normalized the associated gene expression changes such as
MOR, proopiomelanocortin, cannabinoid receptors and tyro-
sine hydroxylase.

Jin et al. [54] reported that CIAC001, a CBD derivative, signifi-
cantly improved antineuroinflammatory activity in vitro and
ameliorated the morphine-induced withdrawal reaction, be-
havioural sensitization and CPP in vivo by inhibiting morphine-
induced microglia activation and neuroinflammation.

The effects of inhaled high-CBD whole-plant cannabis extract
(WPE) on antinociceptive effects of opioids, opioid tolerance and
opioid reward were investigated in female rats by Rivera-Garcia
et al. [55]. The experimental rat model involved chronic expo-
sure to WPE through vapour inhalation. The findings demon-
strated that chronic exposure to high-CBD WPE prevented
morphine-induced CPP and reinstatement and reduced fentanyl
self-administration in rats with and without neuropathic pain.
Moreover, high-CBD WPE did not have adverse effects on lung
cytoarchitecture, estrous cycle, cognitive function, social be-
haviour or anxiety levels.

3.2.5 | Other Models

Katsidoni et al. [56] examined the effect of CBD on brain stim-
ulation reward and morphine- and cocaine-reward facilitating

effects in rats using an intracranial self-stimulation (ICSS) para-
digm. CBD at 10 and 20mg/kg doses increased the ICSS thresh-
old, indicating a decrease in the rewarding effects of morphine.
In addition, CBD inhibited the reward-facilitating effect of mor-
phine but not cocaine. Another study by Carey et al. [57] exam-
ined the effects of delta-THC, CBD and THC/CBD mixtures on
the reinforcing effects of fentanyl in a drug versus food choice
paradigm in rhesus monkeys. The results of this study failed to
show any effect of CBD on the choice of any doses of fentanyl.
However, individual differences were highlighted in one mon-
key for which 10mg/kg CBD decreased preference for a high
dose of fentanyl by 40%.

3.2.6 | Quality Assessment

The results of the ROB assessment for preclinical studies, as
detailed in Figures 4 and 5, indicated a considerable degree of
‘unclear’ risk across the evaluated domains. Notably, the study
by Carey et al. [57] was performed on four rhesus monkeys and
provided no applicable data on the ROB across all domains.
Conversely, Rivera-Garcia et al. [55] and Scicluna et al. [43] pre-
sented more balanced assessments, with ‘low risk’ ratings across
most domains. Overall, the preclinical studies generally tended
toward ‘unclear risk’ in most domains, highlighting the lack
of reporting and methodological transparency in these animal
studies.

4 | Discussion

In this systematic review, we presented an overview of the cur-
rent evidence on CBD's potential therapeutic effects and safety
profile in clinical and preclinical studies of OUD. The overall
findings support that CBD is well-tolerated during opioid use
and withdrawal, and its administration is associated with re-
ductions in opioid craving and anxiety, although the results
concerning its effectiveness in alleviating opioid withdrawal
symptoms and reducing opioid rewarding effects are mixed.

Risk of bias domains
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The reviewed clinical studies align with previous safety re-
search on CBD [58] and indicate that CBD is well-tolerated and
safe for human administration. Specifically, CBD was shown
to be well-tolerated at doses up to 800mg and did not enhance
the effects of opioids, with no reports of respiratory depression
or cardiovascular complications during the trials. Additionally,
when coadministered with opioids, the pharmacokinetics and
clearance of CBD remained unchanged. This is particularly im-
portant when considering CBD as a therapeutic intervention for
OUD. While the clinical trials reviewed did not report any major
adverse events, other trials involving different patient popula-
tions reported an elevation of liver enzyme following CBD
administration and, in rare cases, CBD-induced liver injury,
especially at daily doses exceeding 1000 mg or when used with
other antiepileptic medications. Notably, no cases of liver injury
have been reported in adults using CBD doses below 300 mg/
day, and no instances of severe drug-induced liver injury (DILI)
were documented [59].

Clinical studies investigating the potential therapeutic effects of
CBD in OUD treatment have primarily focused on mitigating
opioid cravings and anxiety, as these factors could significantly
reduce the risk of relapse in individuals with OUD. The avail-
able clinical studies have demonstrated that CBD significantly
reduces anxiety and cue-induced cravings in individuals with
OUD [38-40]. The anxiolytic properties of CBD have also been
documented in other psychiatric disorders, including individ-
uals with generalized anxiety disorder (GAD), social anxiety
and the anxiety component of post-traumatic stress disorder
(PTSD) [60]. Moreover, CBD has been shown to lower cortisol
levels and diminish autonomic arousal and physiological mea-
sures of stress reactivity [61, 62]. Neuroimaging studies indicate
that these anxiolytic effects are associated with the modulation
of limbic and paralimbic structures, as CBD reduces activity in
these neural circuits during negative emotional processing [63].
While not reported by all studies, some studies demonstrated
that CBD administration alleviates negative affective scores
[39, 40]. Nevertheless, the amelioration of features central to

substance use disorders, such as craving, may be closely related
to CBD's effects on emotional processing, stress regulation and
anxiety [61, 62].

As an emerging therapeutic option for OUD, future research
is essential to address several important questions. While cur-
rent evidence supports the beneficial effects of a short course of
CBD in reducing opioid craving, the long-term effects of CBD on
these symptoms are unknown. Moreover, it has yet to be deter-
mined whether CBD-induced reduction in opioid craving will
lead to a decreased risk of relapse or illicit opioid use in individ-
uals with OUD. It is also crucial to investigate whether CBD is
more effective as an adjunct medication or if it can be used as
a standalone treatment. In the reviewed trials, CBD was used
independently in one study [38] and as an adjunct to buprenor-
phine [39] and buprenorphine or methadone [40] in two others,
primarily focusing on the abstinence and early recovery stages.
This underscores the necessity for further research to identify
the specific stages of OUD at which CBD is most effective, both
with and without existing OUD medications [64].

One of the main focuses of preclinical studies has been the effects
of CBD on opioid withdrawal symptoms [44-46]. Specifically,
research has demonstrated that CBD can reduce several signs of
opioid withdrawal, such as defecation, tremor, rearing, rubbing,
grooming, jumping and digging. These effects appear to be medi-
ated through interactions with the opioidergic, dopaminergic and
cannabinoid systems [65]. It has also been proposed that CBD may
normalize gene expression changes associated with opioid with-
drawal, particularly in the NAc [53]. Some studies also demon-
strated that CBD ameliorates anxiogenic responses and somatic
withdrawal signs in animal models of opioid withdrawal [42, 43].

Other preclinical studies investigated the rewarding effects of
opioids using the CPP paradigm. These studies have demon-
strated that CBD can attenuate the rewarding effects of opioids
[47, 48, 50], although not all studies have found similar results
[49]. It has been suggested that variations in the rewarding
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properties of various opioids may influence the effect of CBD
and its effective doses. Notably, CBD may not block the reward
associated with oxycodone, possibly due to oxycodone's greater
analgesic and rewarding effects compared to morphine, which
has been studied more frequently [66, 67]. Importantly, unlike
THC, CBD does not impair learning or memory, indicating that
its effects in the CPP paradigm are not related to cognitive dis-
turbances [68]. This body of evidence suggests that the eCB sys-
tem may play a significant role in mediating the opioid reward
pathway. The CBD's effects on reducing opioid reward could
have significant clinical implications in relapse prevention, ad-
dressing a major challenge in OUD treatment.

The eCB system closely interacts with various neurotransmis-
sion systems, significantly influencing the neural adaptations
associated with addiction. Research on various cannabinoids
has shown that these compounds exert distinct neurobiological
effects and target different pathways. While it is well established
that THC acts as a partial agonist at cannabinoid receptors [69],
the precise molecular mechanism of action of CBD warrants
further investigation in future studies [29]. Some reports indi-
cate that CBD functions as an inverse agonist at both CB1R and
CB2R [70], while others suggest that it may indirectly enhance
endogenous AEA signalling by inhibiting its intracellular degra-
dation, which is catalysed by the enzyme FAAH [71]. Moreover,
CBD allosterically modulates u- and §-opioid receptors [72]. CB1
receptors and p-opioid receptors are locally associated and share
Gi-alpha-mediated intracellular signalling in several brain re-
gions, including NAc and dorsal striatum [73]. This interaction
has implications for reward processing, goal-directed behaviour
and habit formation, all of which are relevant to addiction [74].
Additionally, other mechanisms attributed to CBD include its
action as an allosteric agonist of the serotonin 5-HT1A receptor
[75], a weak inhibitor of dopamine uptake in the striatum [76]
and interactions with glutamate-GABA pathways [77]. Recent
studies suggest that the antineuroinflammatory activity of CBD
derivatives, particularly through the inhibition of microglia
in the mPFC, plays a significant role in blocking morphine-
induced withdrawal reactions, behavioural sensitization and
CPP [54]. Further studies are necessary to deepen our under-
standing of how CBD affects OUD and its underlying neurobio-
logical mechanisms.

4.1 | Limitations

Although conducting a comprehensive search using a broad
strategy to include all clinical and preclinical studies on the use
of CBD in OUD, only four clinical trials, including two pilot
studies, were identified, limiting the generalizability of the find-
ings. While the studies investigated a diverse population regard-
ing sex, race and ethnicity, the small trial sizes were a major
limitation. Additionally, several participants had psychiatric co-
morbidities, which, although reflective of real-world conditions,
may have influenced the outcomes. Moreover, the follow-up as-
sessments were typically conducted approximately 1week after
the final CBD dose, indicating a short follow-up period for as-
sessing efficacy and safety. Furthermore, the heterogeneity in
study design, experimental approaches, participant character-
istics and findings presents significant challenges in drawing
clear conclusions from preclinical studies, highlighting the need

for consistent protocols and standardized outcome measures in
future research.

Despite the encouraging findings, large-scale, randomized con-
trolled trials with long-term follow-up are essential to confirm the
efficacy and safety of CBD, elucidate its role in comprehensive ad-
diction treatment programs, identify the stage of OUD treatment
where CBD is most effective and determine the optimal dosing
and long-term effects of CBD in OUD treatment. Additionally, ex-
ploring the synergistic effects of CBD in combination with current
pharmacotherapies available for OUD could provide valuable in-
sights into integrated treatment approaches for OUD.

5 | Conclusion

This systematic review highlights the potential of CBD as a
beneficial treatment option for OUD. The collective evidence
from clinical and preclinical studies indicates that CBD holds
significant promise as a novel therapeutic option for OUD
treatment with an acceptable safety profile. CBD's effects on
the reduction of opioid cravings (as shown in clinical studies)
and its potential to diminish the rewarding effects of opioids
and alleviate withdrawal symptoms (as indicated by some
preclinical studies) could present a significant advancement
in OUD treatment. Continued research will be crucial in con-
firming these findings and establishing CBD as a valuable
component of OUD treatment.
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