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Abstract

Abstract: Addiction, or substance use disorder (SUD), is a chronic relapsing condition characterized by compul-
sive drug-seeking, withdrawal symptoms, and high relapse rates. Traditional treatments for SUDs are limited
in efficacy and often target only specific substances or symptoms. Cannabidiol (CBD), a non-intoxicating phyto-
cannabinoid from Cannabis sativa, has emerged as a promising broad-spectrum therapeutic for addiction. Unlike
A°-tetrahydrocannabinol (THC), CBD is not rewarding and carries no significant abuse liability, yet it exerts diverse
neuropsychopharmacological effects. Notably, CBD exhibits anxiolytic, antidepressant, antipsychotic, neuropro-
tective, pro-cognitive, and neurogenic properties. This review surveys evidence across multiple addictions (nico-
tine, opioids, alcohol, stimulants, cannabis, and food-related addiction) and delves into the mechanisms by which
CBD influences addiction-related pathways, including neurotransmitter systems, the endocannabinoid system,
neural circuitry of craving/withdrawal, molecular and epigenetic modifications, and the impact on stress, anxiety,

and compulsive behaviors.

1 INTRODUCTION

Addiction, or substance use disorder (SUD), is a
chronic relapsing condition characterized by compul-
sive drug-seeking, withdrawal symptoms, and high
relapse rates. Traditional treatments for SUDs are
limited in efficacy and often target only specific sub-
stances or symptoms [1]. Cannabidiol (CBD), a non-
intoxicating phytocannabinoid from Cannabis sativa,
has emerged as a promising broad-spectrum thera-
peutic for addiction. Unlike THC, CBD is not rewarding
and carries no significant abuse liability, yet it exerts
diverse neuropsychopharmacological effects [6].

Notably, CBD exhibits anxiolytic, antidepressant, an-
tipsychotic, neuroprotective, pro-cognitive, and neu-
rogenic properties. These features, combined with
an excellent safety profile and lack of reinforcing ef-
fects, have spurred interest in CBD as a novel treat-
ment to inhibit addictive behaviors [2]. This review will
survey evidence across multiple addictions—nicotine,
opioids, alcohol, stimulants, cannabis, and even food-
related addiction—and delve into the mechanisms by
which CBD influences addiction-related pathways, in-
cluding neurotransmitter systems, the endocannabi-
noid system, neural circuitry of craving/withdrawal,
molecular and epigenetic modifications, and the im-
pact on stress, anxiety, and compulsive behaviors.

2 CBD’S EFFECTS ACROSS DIFFERENT
TYPES OF ADDICTION

2.1 Nicotine (Tobacco) Addiction

Tobacco smoking remains one of the leading causes
of preventable death, driven largely by nicotine’s pow-
erful addictiveness. There is early evidence that CBD
may help curb nicotine dependence. In a pilot human
study, smokers given a CBD inhaler for one week sig-
nificantly reduced the number of cigarettes smoked by
roughly 40%, although their nicotine craving was not
significantly diminished [4].

A follow-up trial using a single 800 mg oral
CBD dose in abstinent dependent smokers found
no improvement in cognitive performance or crav-
ings, but intriguingly, CBD acutely reduced atten-
tional bias to smoking cues. This suggests CBD
might weaken the salience of drug cues even if it
does not immediately alleviate craving. In a mouse
model of nicotine withdrawal, CBD (10-30 mg/kg) abol-
ished withdrawal-related memory deficits and re-
versed nicotine-induced microglial activation in the
brain. Such anti-inflammatory and neuroprotective
effects could ameliorate the irritability and cognitive
symptoms of nicotine withdrawal. Although research
on CBD for tobacco use disorder is still sparse, these
initial findings point to CBD as a potential aid for smok-
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ing cessation by reducing cigarette intake and buffer-
ing withdrawal-related impairments.

2.2 Opioid Addiction (Opioid Use Disorder)

Opioid use disorder (OUD), involving drugs like heroin,
fentanyl, and prescription painkillers, is notoriously
difficult to treat due to severe withdrawal and relapse
risk. Standard OUD therapies (methadone, buprenor-
phine, naltrexone) help reduce use but have limita-
tions in retention and relapse. CBD has shown ther-
apeutic potential as an adjunct or alternative in OUD
by targeting both withdrawal symptoms and craving.

Early preclinical studies in the 1970s gave mixed re-
sults: CBD alone had little effect on precipitated mor-
phine withdrawal in rodents, but when combined with
THC it synergistically attenuated withdrawal signs.
More recent animal research demonstrates clearer
benefits. CBD can interfere with opioid reward mem-
ory: a 5mg/kg dose prevented morphine's reward-
facilitating effect in an intracranial self-stimulation
paradigm, and this effect was reversed by a 5-HT;4
serotonin antagonist, implicating serotonergic mech-
anisms. CBD (10mg/kg) also blocked conditioned
place preference (CPP) for morphine and prevented
stress- or drug-induced reinstatement of morphine
seeking in rodents.

Beyond blocking opioid reward, CBD appears to re-
duce cue-triggered relapse for powerful opioids like
heroin. In a rat heroin self-administration study, CBD
(5-20mg/kg) did not alter ongoing heroin intake or
acute heroin-primed relapse, but it significantly at-
tenuated cue-induced reinstatement of heroin seek-
ing. Interestingly, CBD normalized heroin-induced al-
terations in glutamate receptor (mGIluR5, GIuR1) and
CB1 receptor expression in the nucleus accumbens,
suggesting a restorative effect on neuroadaptations
caused by heroin.

Notably, a landmark human study found that
short-term CBD administration markedly reduced cue-
induced craving and anxiety in abstinent heroin users
[31. In this placebo-controlled trial, acute CBD
(400-800 mg) attenuated heroin cue-elicited craving
and associated elevations in heart rate and cortisol,
with some benefits persisting even one week after the
last CBD dose. Such prolonged reduction of craving
reactivity is unprecedented and highlights CBD's po-
tential to dampen the conditioned "trigger” responses
that drive relapse.

2.3 Alcohol Use Disorder

Excessive alcohol use produces neuroadaptations in
reward and stress circuits that sustain addiction. Pre-
clinical studies overwhelmingly support CBD's efficacy
in reducing alcohol consumption and relapse. In mice,
repeated CBD dosing produces a dose-dependent re-
duction in voluntary alcohol intake and preference in
a two-bottle choice test. Similarly, a single subcuta-
neous CBD administration (delivered in a sustained-

release matrix) significantly decreased operant alco-
hol self-administration, lowering both the number of
lever presses and the consumed ethanol amount un-
der various reinforcement schedules.

CBD also reduced the motivation to drink, as evi-
denced by a drop in break point in progressive-ratio
tests. Crucially, CBD curbed relapse-like drinking: in
a model of alcohol reinstatement, a high acute dose
(120mg/kg) of CBD markedly suppressed renewed
lever-pressing for alcohol. These anti-relapse effects
endured surprisingly long. For example, another
study showed that 7 days of transdermal CBD (approx.
15 mg/kg/day) was enough to attenuate context- and
stress-induced alcohol seeking, with this preventative
effect lasting up to five months after treatment de-
spite no detectable CBD in plasma or brain at that
time. Intriguingly, the same CBD treatment also re-
versed alcohol-induced impulsivity in rats, indicating
that CBD may restore impulse control which is often
compromised in addiction.

The mechanisms behind CBD's anti-alcohol effects
are linked to neurochemical changes. CBD treat-
ment in alcohol-consuming mice was accompanied
by altered gene expression of reward-related targets:
specifically, CBD downregulated tyrosine hydroxylase
(TH) in the ventral tegmental area (VTA), and downreg-
ulated mu-opioid receptors (MOR), CB1 cannabinoid
receptors, and GPR55 (an orphan cannabinoid-related
receptor) in the nucleus accumbens, while upregulat-
ing CB2 receptors there. These changes suggest a
broad normalization of the dysregulated dopamine,
opioid, and endocannabinoid signaling caused by
chronic alcohol.

Combining CBD with established medications has
also shown promise. In mice, sub-effective doses of
the opioid antagonist naltrexone plus CBD produced
synergistic reductions in alcohol intake and motiva-
tion, an effect dependent on 5-HT, 4 receptors. Be-
yond reducing drinking behavior, CBD may protect
against alcohol's physical harms. Repeated high-dose
CBD prevented binge alcohol-induced neurodegener-
ation in the hippocampus and entorhinal cortex, evi-
denced by reduced markers of cell death. CBD's anti-
inflammatory and antioxidant actions have also been
shown to attenuate alcohol-induced liver steatosis in
rodent models.

2.4 Psychostimulant Addiction (Cocaine and Am-
phetamines)

Stimulant use disorders (for cocaine and
amphetamine-type drugs) currently lack any ap-
proved pharmacotherapies, making the exploration
of CBD especially pertinent. A growing number
of studies indicate that CBD can interfere with the
rewarding effects of stimulants and mitigate relapse-
related behaviors.

In amphetamine and methamphetamine addic-
tion models, CBD has demonstrated an ability to
weaken drug-context associations and relapse. For
example, a low CBD dose (5mg/kg) did not alter
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initial amphetamine CPP acquisition, but it signifi-
cantly accelerated the extinction of amphetamine-
induced conditioned place preference, helping
animals "forget” drug-paired environments more
quickly.  Similarly, CBD given intracerebroventric-
ularly blocked stress-induced reinstatement of
methamphetamine CPP. The anti-relapse effect in
that study was attributed to CBD’s normalization
of methamphetamine-elevated neuroinflammatory
cytokines (IL-13, IL-6, IL-10, TNF-«) in the prefrontal
cortex and hippocampus, highlighting an anti-
inflammatory mechanism.  Another study found
CBD (10-80mg/kg, i.p.) dose-dependently attenu-
ated the development of methamphetamine CPP
when administered prior to each conditioning ses-
sion, and this corresponded with modulation of the
Sigma-1R/AKT/GSK-33/CREB intracellular signaling
pathway in mesocorticolimbic regions. In an oper-
ant paradigm, a high CBD dose (80 mg/kg) reduced
active lever presses and infusions during metham-
phetamine self-administration and also decreased
methamphetamine-primed relapse behavior. CBD
may even aid recovery of normal cognitive function
after stimulant exposure: administering CBD during
a withdrawal period reversed methamphetamine-
induced memory deficits in object recognition tests,
indicating a pro-cognitive, neuroprotective benefit.

For cocaine addiction, CBD likewise impacts multi-
ple phases of the addiction cycle. In CPP studies, CBD
(5-10mg/kg) has been shown to enhance the extinc-
tion of cocaine-conditioned place preference and to
disrupt the reconsolidation of cocaine reward mem-
ory, with effects lasting up to two weeks post-CBD.
However, not all reports agree on every phase: one
exhaustive study found CBD (10 mg/kg) given after co-
caine conditioning did not alter initial CPP expression
or extinction rate, but it did reduce preference for the
cocaine-associated context and impaired the consoli-
dation of cocaine-associated memory, thereby weak-
ening the overall cocaine memory trace [8].

Beyond conditioned preference, CBD also affects
cocaine self-administration (SA). CBD treatment
(10-20 mg/kg) significantly blunted cocaine-induced
CPP and, importantly, a 20 mg/kg dose reduced rats’
motivation to self-administer cocaine as evidenced by
fewer lever presses under a fixed-ratio schedule and
a lower break point on a progressive ratio schedule.
The same study linked these behavioral improve-
ments to molecular changes: CBD increased CB1
receptor expression and brain-derived neurotrophic
factor (BDNF) levels and activated ERK/CREB signaling
in the hippocampus, while reducing hyperactive
AMPA receptor (GluA1/2) expression in the striatum
of cocaine-exposed mice. This suggests CBD helps
reverse cocaine-induced neuroadaptations (e.g., by
promoting neuroplasticity and normalizing glutamate
function). Consistent with that idea, blocking hip-
pocampal neurogenesis pharmacologically abolished
CBD's ability to reduce cocaine self-administration,
proving that CBD's pro-neurogenic effects in the
hippocampus were pivotal for its anti-addictive

outcome.

2.5 Cannabis Use Disorder

It may seem counterintuitive to treat cannabis depen-
dence with a cannabis-derived compound, yet CBD's
pharmacology is distinct from THC's and may uniquely
benefit cannabis use disorder (CUD). Cannabis addic-
tion is often linked to heavy THC exposure, which
downregulates CB1 receptors and produces with-
drawal symptoms (irritability, anxiety, appetite loss)
upon cessation.

Preclinical evidence suggests CBD can alleviate
cannabinoid withdrawal and dependence-related
changes. In a mouse model of cannabinoid de-
pendence (using the potent synthetic CB1 agonist
CP-55,940 followed by abstinence), CBD (5-20 mg/kg)
significantly ameliorated withdrawal signs. Specif-
ically, CBD blocked the hyperactive behaviors (e.g.,
increased locomotion, jumping) normally observed
during withdrawal and normalized the reduced
grooming behavior (a sign of affective distress).
Moreover, CBD completely abolished the anxiety-like
behavior seen in these mice during withdrawal. At
a molecular level, CBD treatment upregulated TH
expression in the VTA and CB2 receptor expression
in the nucleus accumbens, while downregulating
CB1 and MOR expression in the accumbens of
cannabinoid-withdrawn mice. This pattern mirrors
the neuroadaptive changes observed with CBD in
other addictions, again indicating restoration of
dopamine and endocannabinoid tone and reduction
of opioid receptor activity in reward circuits.

2.6 Food Addiction and Binge Eating

Compulsive overeating and "food addiction” involve
neural mechanisms of reward and craving analogous
to drug addiction, with dopamine-driven reinforce-
ment and withdrawal-like stress when palatable foods
are restricted. The endocannabinoid system is a key
regulator of appetite and eating behavior, and inter-
estingly, CBD appears to act as an appetite modula-
tor in the opposite direction of THC. Whereas CB1 re-
ceptor activation (such as by THC) typically stimulates
feeding, CBD tends to suppress or normalize excessive
food intake.

Studies in animals indicate that CBD can reduce the
consumption of palatable food and dampen the mo-
tivation for sweetness. For instance, CBD treatment
inhibited food intake in various rodent models. Rats
given CBD showed decreased feeding and even re-
duced responding for food or sugar water rewards un-
der operant conditions. One study specifically demon-
strated that CBD inhibits sucrose self-administration
in rodents, an effect mediated by CB1 and CB2 recep-
tors (since pharmacological blocking of these recep-
tors prevented CBD's effect). This finding aligns with
the idea that CBD's partial agonist/antagonist actions
at cannabinoid receptors can counteract the hyper-
activation of the endocannabinoid system that drives
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pathological overeating. Additionally, CBD may influ-
ence peripheral metabolism and gut signals via CB2
and TRPV1 receptors.

3 MECHANISMS OF
ADDICTIVE ACTIONS

CBD'S  ANTI-

CBD's broad efficacy across different addictions can be
understood through its complex pharmacology and
influence on multiple neural pathways. Unlike con-
ventional drugs that act on a single receptor, CBD is
often described as a "multi-target” or "promiscuous”
compound.

3.1 Modulation of Dopaminergic Reward Path-
ways

Dysregulation of dopamine (DA) in the mesocorticol-
imbic pathway is a hallmark of addiction. Drugs of
abuse cause excessive phasic dopamine release from
VTA neurons into the nucleus accumbens (NAc), rein-
forcing drug-taking behavior. CBD has a unique im-
pact on the dopamine system: it does not induce
dopamine surges on its own, but it can attenuate
drug-induced dopaminergic hyperactivity.

Early electrophysiology found that systemic CBD did
not alter baseline firing of VTA dopamine neurons,
nor did it change basal extracellular DA levels in the
NAc. This indicates CBD lacks psychostimulant prop-
erties and is unlikely to be addictive by itself. How-
ever, when the dopamine system is pushed out of bal-
ance by drugs, CBD helps normalize it. For exam-
ple, intra-NAc delivery of CBD completely abolished
the increased VTA dopamine neuron activity caused
by amphetamine [8]. Systemic CBD similarly blunted
cocaine-evoked elevations in NAc dopamine in vivo
[9]. In models of alcohol dependence, CBD adminis-
tration reduced the expression of tyrosine hydroxylase
(the dopamine-synthesizing enzyme) in the VTA, cor-
relating with decreased alcohol preference and moti-
vation. Interestingly, CBD might also interact directly
with dopamine receptors: there is evidence it can act
as a partial agonist at dopamine D2 receptors or nor-
malize D3 receptor expression in brain regions rele-
vant to addiction.

3.2 Endocannabinoid System (ECS) Interactions

The endocannabinoid system is intimately involved in
addiction as a modulatory hub for reward, motivation,
and stress responses. CBD's ability to influence the
ECS is crucial to its anti-addictive properties. Unlike
THC, which directly agonizes CB1, CBD has complex ef-
fects. One major mechanism is inhibition of fatty acid
amide hydrolase (FAAH), the enzyme that breaks down
anandamide (AEA), leading to elevated anandamide
levels.

CBD also behaves as an atypical modulator of
cannabinoid receptors. It functions as a negative al-
losteric modulator of CB1, meaning it binds to a dis-

tinct site on the receptor and diminishes its activation
by agonists like THC. At CB2 receptors, CBD's effects
are context-dependent, often acting as a partial ago-
nist or inverse agonist. One consistent finding is that
CBD is an antagonist at the GPR55 receptor, an "enig-
matic” receptor implicated in stress and addiction. In
alcohol-exposed and cannabinoid-withdrawn rodents,
repeated CBD treatment produced a coordinated reg-
ulation of ECS components: CB1 receptor expression
was downregulated and CB2 upregulated in the NAc,
and GPR55 was downregulated [10]. These changes
suggest a "reset” of cannabinoid signaling, tamping
down overactive CB1 (which drives excessive reward
seeking) while engaging CB2 to reduce inflammation
and support recovery.

3.3 Serotonergic and Anxiolytic Effects (5-HT; )

The serotonin system modulates reward and mood,
often providing inhibitory control over dopamine cir-
cuits. CBD is a known agonist (or positive allosteric
modulator) at 5-HT; 4 receptors, and this action is cen-
tral to its anxiolytic and antidepressant profile. In the
context of addiction, CBD’s 5-HT; 4 activation is critical
for reducing stress-induced relapse.

For instance, CBD's inhibition of morphine reward
in rats was reversed by blocking 5-HT,4 receptors.
Similarly, CBD's ability to reduce alcohol consumption
and motivation was accompanied by reduced 5-HT; 4
gene expression in the dorsal raphe nucleus (likely
a compensatory downregulation). Importantly, phar-
macological blockade of 5-HT, 4 receptors with the an-
tagonist WAY-100635 abolished many of CBD's anti-
addictive effects, including the reduction of alcohol
and cocaine self-administration. Through the seroton-
ergic system, CBD likely reduces the anxiety and stress
that fuel drug craving and relapse.

3.4 Glutamate and GABA: Restoring Balance

Chronic drug exposure induces profound changes in
glutamatergic synapses. The prefrontal cortex, amyg-
dala, hippocampus, and VTA send glutamatergic pro-
jections to the nucleus accumbens, converging with
dopamine signals to encode drug reward. CBD ap-
pears to help normalize this transmission.

In a heroin relapse model, CBD treatment "re-
set” glutamate receptor levels: it restored AMPA-
type glutamate receptor subunit (GIuR1) in the nu-
cleus accumbens to normal levels without affecting
mGIuR5 receptors. Conversely, in a cocaine self-
administration model where AMPA subunits are up-
regulated, CBD treatment significantly reduced the ex-
pression of GIuA1/A2 subunits in the striatum. CBD
also influences glutamate release through intracellu-
lar signaling pathways, such as the mTOR pathway,
which may fortify neurons against excitotoxicity. On
the inhibitory side, CBD can act as a positive allosteric
modulator of GABA-A receptors at micromolar con-
centrations, enhancing inhibitory neurotransmission.
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This GABA-enhancing action could ease symptoms of
withdrawal and rein in overactive circuitry.

3.5 Opioid Peptides and the Endogenous Opioid
System

The endogenous opioid system interfaces with addic-
tion by modulating reward and stress pathways. While
CBD is not a direct antagonist or agonist of mu-opioid
receptors (MOR) at typical doses, it produces func-
tional changes in the system. Chronic CBD treatment
consistently led to a downregulation of MOR gene ex-
pressionin the nucleus accumbens of alcohol-exposed
mice and cannabinoid-withdrawn mice. This reduction
in MOR density would translate to less dopamine dis-
inhibition, effectively putting a brake on the opioid-
driven reward amplification.

3.6 Neurocircuitry of Craving, Stress, and Execu-
tive Control

Addiction involves dysregulated circuits in the mid-
brain reward centers, extended amygdala (stress), and
prefrontal cortex (executive control). CBD intervenes
at multiple nodes. Its anti-stress effects involve damp-
ening amygdala hyperactivity and reducing stress hor-
mone release (e.qg., cortisol). CBD also enhances ex-
tinction learning and suppresses reconsolidation of
drug memories, processes involving the PFC and hip-
pocampus.

Crucially, CBD promotes hippocampal neurogene-
sis—the growth of new neurons in the dentate gyrus.
Chronic drugs like cocaine and alcohol suppress neu-
rogenesis. CBD reverses this, boosting cell prolif-
eration and survival, along with upregulating BDNF
and phosphorylating CREB. Strikingly, when neuro-
genesis was experimentally blocked, CBD could no
longer reduce cocaine self-administration, demon-
strating that new neuron growth is a necessary com-
ponent of its anti-addictive effect. Finally, emerging
research suggests CBD may influence epigenetic mod-
ifications (DNA methylation) and gene expression pro-
grams conducive to recovery.

4 CONCLUSION AND FUTURE PERSPEC-
TIVES

CBD's role in addiction inhibition exemplifies a multi-
faceted pharmacological approach: rather than tar-
geting one receptor, it concurrently modulates many
dysregulated processes. It attenuates dopamine hy-
peractivation, calms overactive stress circuits, normal-
izes glutamate/GABA transmission, and interacts with
the endocannabinoid and opioid systems to restore
homeostasis. At a cellular level, it promotes neuroad-
aptive changes that oppose the plasticity induced by
chronic drugs.

CBD impacts all three stages of the addiction cycle:
intoxication (by reducing reward), withdrawal (by al-
leviating stress/anxiety), and relapse (by weakening

drug memories and lowering cue-induced cravings).
An important advantage is its safety profile and lack of
reinforcing effects. While clinical translation is still in
early stages, preliminary trials in opioid and cannabis
use disorders have shown reduced craving and anxi-
ety. Future research must determine optimal dosing,
formulations, and the potential for combination ther-
apies (e.g., with naltrexone). If confirmed, CBD could
become a vital tool in combating the global burden of
substance use disorders.
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