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Abstract

Background: Cannabidiol (CBD) is one of the major constituents of Cannabis sativa

L. that lacks psychotomimetic and rewarding properties and inhibits the rewarding and
reinforcing effects of addictive drugs such as cocaine, methamphetamine (METH), and morphine.
Additionally, CBD’s safety profile and therapeutic potential are currently evaluated in several
medical conditions, including pain, depression, movement disorders, epilepsy, multiple sclerosis,
Alzheimer’s disease, ischemia, and substance use disorder. There is no effective treatment for
substance use disorders such as addiction, and this review aims to describe preclinical and clinical
investigations into the effects of CBD in various models of opioid, psychostimulant, cannabis,
alcohol, and nicotine abuse. Furthermore, the possible mechanisms underlying the therapeutic
potential of CBD on drug abuse disorders are reviewed.

Methods: The current review considers and summarizes the preclinical and clinical
investigations into CBD’s effects in various models of drug abuse include opioids,
psychostimulants, cannabis, alcohol, and nicotine.

Results: Several preclinical and clinical studies have proposed that CBD may be a reliable agent
to inhibit the reinforcing and rewarding impact of drugs.

Conclusions: While the currently available evidence converges to suggest that CBD could
effectively reduce the rewarding and reinforcing effects of addictive drugs, more preclinical and
clinical studies are needed before CBD can be added to the therapeutic arsenal for treating
addiction.
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1. Introduction

Drug addiction is a chronic, relapsing disorder characterized by compulsive drug-seeking,
continued use despite harmful consequences, and long-lasting changes in the brain. This
drug-seeking behavior is associated with craving and loss of control (Kranzler and Li,
2008). Over the last few decades, our understanding of the neuronal processes involved in
drug abuse disorders has dramatically progressed. Notably; evidence has accumulated to
suggest that the dopaminergic and glutamatergic systems are instrumental in the reinforcing
and rewarding effects of drugs (Pierce and Kumaresan, 2006; Vatankhah et al., 2018). The
mesolimbic reward circuit, mainly including the ventral tegmental area (VTA), nucleus
accumbens (NAc), prefrontal cortex (PFC), central and basolateral amygdala, hippocampus
(HIP), and hypothalamus plays a pivotal role in the processing of reward-associated
addictive drugs (Cooper et al., 2017; Gardner, 2011; Volkow and Morales, 2015). The
development of animal models of addiction and drug reward is a critical factor for progress
in the identification of new therapeutic targets and understanding the biological basis

of this disorder. There are various self-administration (SA) procedures to evaluate the
reinforcing and motivational effects of the addictive substance. SA is helpful in clarifying
the neurobiological and molecular mechanisms of drug-related behaviors and , therefore,
essential in identifying strategies helpful in the intervention of human drug consumption,
indicating predictive validity. In addition to SA, the conditioned place preference (CPP)
paradigm is a model based on the component of reward-related to associative cognitive
ability and learning to make predictions about future reward. The reinstatement of CPP
with drug-seeking behavior can be used to study the molecular and neurobiological basis
of drug craving, as there is significant correspondence between the events that induce
drug-seeking in animals and those that provoke craving and cue reactivity in humans
(Garcia Pardo et al., 2017; Spanagel, 2017). Also, locomotor hyperactivity, exploratory
hyperactivity, and stereotyped behavior have been investigated as acute behavioral responses
to psychostimulants (Maurice and Romieu, 2004).

As a whole plant, Cannabis L. sativa (cannabis) comprises various non- psychotomimetic
and non-addictive constituents that, taken in isolation, present medical opportunities and
maybe more easily employed for use in medical applications (Hurd, 2017). Cannabidiol
(CBD), the most abundant phytocannabinoid of cannabis after A%-tetrahydrocannabinol
(THC), has generated significant hope in treating drug addiction (Calpe-L6pez et al., 2019;
Chye et al., 2019; Hurd, 2017). In the past two decades, a large body of basic and clinical
research has revealed that CBD can be beneficial for treating neurological disorders such
as epilepsy (Devinsky et al., 2014; Samanta, 2019), multiple sclerosis (Kozela et al., 2011),
Parkinson’s disease (Chagas et al., 2014; Zuardi et al., 2009), and Alzheimer’s disease
(Cheng et al., 2014; Martin-Moreno et al., 2011). Moreover, a substantial body of work has
suggested that CBD improves cognition (Razavi et al., 2020) with anxiolytic (Gasparyan
et al., 2020; Hahn, 2018), antidepressant (Linge et al., 2016; Zanelati et al., 2010), and
antipsychotic-like effects (Elsaid et al., 2019; Scuderi et al., 2009), supporting its potential
for the treatment of neuropsychiatric disorders including schizophrenia (Leweke et al.,
2012; McGuire et al., 2018; Schoevers et al., 2020), mood disorders (Bartoli et al., 2021;
Bonaccorso et al., 2019), anxiety disorders (Blessing et al., 2015; Skelley et al., 2020),
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and drug addiction (Elsaid et al., 2019). Indeed, CBD modulates dopaminergic activity
in the mesolimbic system (Murillo-Rodriguez et al., 2011) and decreases drug-induced
dysregulation in the mesolimbic circuitry (Ren et al., 2009; Renard et al., 2016), and
therefore may present an effective treatment against drug abuse.

Buprenorphine/Naloxone can be used as initial treatment for people are dependent on
short-acting opioids or heroin, but these treatment strategies cannot successfully stop
opiate craving entirely. Common side effects of buprenorphine include constipation,
urinary retention, and mild respiratory depression (Cone et al., 1984). Further, reports
already exist of buprenorphine-induced hepatitis, in particular when used intravenously.
It has only recently been established that methadone, probably when prescribed in

high doses, can cause cardiac problems (Krantz et al., 2007). Aside from opioids,
treatment of psychostimulant addiction has been a major, and not fully met, challenge.
For psychostimulants, there is no established maintenance medication that has met the
criteria for regulatory approval (Shearer, 2008). Taking this all into consideration, new
molecules should be discovered for treating drug abuse. Preliminary studies suggest
that CBD may have therapeutic impacts helpful in treating drug use disorders (Crippa
et al., 2013; Katsidoni, Anagnostou, & Panagis, 2013). Several studies suggest that
CBD, a phytocannabinoid devoid of the psychoactive effects associated with THC, may
have therapeutic effects for treating drug use disorders (Crippa et al., 2013; Katsidoni,
Anagnostou, & Panagis, 2013). CBD is not associated with adverse cognitive effects,
presents good safety and tolerability profiles in humans, and has a broad pharmacological
spectrum of action (Zhornitsky & Potvin, 2012; niesink & van laar, 2013 ). As noted in
this review: CBD has sedative, anti-craving, antidepressant, mood-stabilizing, and anxiolytic
properties (Schier et al., 2012; Zhornitsky & Potvin, 2012; niesink & van laar, 2013;
Robson, 2014). Moreover, CBD could effectively reduce the rewarding and reinforcing
effects of some addictive drugs. Taken together, these data indicate that CBD may be
clinically useful in attenuating the rewarding effects of substance abuse.

Thus, this review summarizes preclinical and clinical studies that have examined CBD as
a novel pharmacological therapy in treating substance abuse disorders. In addition, possible
molecular targets underlying CBD's mechanisms of action are discussed.

2. A brief history of cannabidiol medicinal uses

The cannabis genus of flowering plants is mainly comprised of the Sativa species. Cannabis
sativa was cultivated for medicinal and religious purposes in ancient Asia (Li, 1974;

Zuardi, 2006). The first account of therapeutic application of cannabis occurred in 4000

BC to the treatment of pain, constipation, menstrual cramps, and malaria (Mikuriya, 1969;
Touw, 1981). In the nineteenth century, the usage of cannabis as medicine initiated in
western medicine for anti-inflammatory, analgesic, anticonvulsant, anesthetic, antitussive,
antiemetic, and appetite purposes. Due to multiple factors, such as the discovery of vaccines
and effective medications, cannabis’ psychoactive properties, and its increasing recreational
abuse, the medical use of cannabis reduced considerably during the twentieth century
(Zuardi, 2006). In addition to these reasons, the lack of reliable and scientific documents

to demonstrate the efficacy of cannabis led to the general abandonment of cannabis as a
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pharmacotherapeutic agent in the medical community (Gabay, 2013). In the early 1960s,
both THC and CBD structures were first determined and described by the Mechoulam lab
(Gaoni and Mechoulam, 1964). Mechoulam’s group evaluated the effect of cannabinoids in
primates and suggested that the sedative effects of cannabinoids were related to THC, but
not CBD (Mechoulam et al., 1970). Later on, Cunha et al. revealed that CBD treatment
could ameliorate intense epilepsy (Cunha et al., 1980); unfortunately, this pioneering study
was relatively ignored by the scientific and medical community. Charlotte Figi, who had
suffered over 300 grand mal seizures per week, was treated with a high ratio CBD: THC
strain of cannabis that led to a significant reduction in the episodes and alleviated their
intensity (Maa and Figi, 2014). That article received international attention and helped
promote CBD legislation as a medical treatment as its efficacy had been confirmed for
medical and psychological problems. To date, Epidiolex (Lattanzi et al., 2021; Samanta,
2019) and Sativex® (Russo, 2016, 2018) have been approved for the treatment of seizures
resultant of pediatric Lennox-Gastaut syndrome or Dravet syndrome as well as spasticity
and neuropathic pain in patients with multiple sclerosis, respectively. Elsewhere, several
studies have evaluated CBD usage to treat inflammation, neuropathic pain, anorexia,
bacterial infections, and insomnia (Burstein, 2015; Maroon and Bost, 2018; Russo, 2018;
Zlebnik and Cheer, 2016).

Since CBD carries mild side effects in animal preclinical and human studies (Iffland and
Grotenhermen, 2017; Taylor et al., 2018), and exhibits no rewarding properties (Babalonis
etal., 2017; Parker et al., 2004), it may be introduced as a great therapeutic candidate for
drug abuse. Recently, it has been established that CBD is effective for the inhibition of
reinforcing and rewarding properties of drugs (Calpe-Ldpez et al., 2019; Chye et al., 2019;
Elsaid et al., 2019; Mandolini et al., 2018; Rodrigues et al., 2020) such as opioids (Hurd et
al., 2015; Prud’homme et al., 2015), psychostimulants (Calpe-Lépez et al., 2021; Rodrigues
et al., 2020), alcohol (Nona et al., 2019; Turna et al., 2019), and cannabis (Freeman et al.,
2019; Freeman et al., 2020) in both humans and animals. It should mentione that most of the
studies were designed to evaluate the application of CBD for the treatment of drug abuse.
In contrast, some studies sought to identify receptors implicated in CBD’s action in various
animal models of drug abuse and addiction.

Regarding the safety of CBD, Taylor et al., 2018, in phase I, randomized, double-blind,
placebo-controlled study, revealed that CBD was commonly well tolerated. Diarrhea,
nausea, headache, and drowsiness were the most frequently reported adverse events across
all trial arms in subjects taking CBD. All adverse effects were of mild to moderate severity;
none was severe. There were no deaths or discontinuations in the trial (Taylor et al., 2018).

3. Mechanism of cannabidiol’s action in the treatment of drug abuse

The best-characterized cannabis plant constituents are the phytocannabinoids, known
primarily for their complex and sometimes psychogenic effects. The most abundant and
well-described phytocannabinoids are THC and CBD (Lucas et al., 2018). THC is the
primary psychoactive compound associated with cannabis which binds with high affinity
(Ki values in the low nanomolar range) to cannabinoid receptors (CBRS) (Ligresti et

al., 2016; Matsuda et al., 1990; Munro et al., 1993). These receptors, along with the
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endocannabinoids (N-arachidonoylethanolamine (AEA) and 2-arachidonoylglycerol (2-AG))
and their synthesizing/degrading enzymes makeup the ECS. THC’s agonist activity at these
CBRs affects behavior, nociception, and appetite, as well as having anti-inflammatory,
antitumoral, and antiemetic properties (Klimkiewicz, 2018). In addition to CBRs, other
pharmacological targets participating in the effects of THC include: G protein-coupled
receptor, transient receptor potentiation (TRP) channels, the serotonin 3A receptor (5SHT3A),
peroxisome proliferator-activated receptor gamma (PPARYy), glycine (Gly), and opioids
receptors (Barann et al., 2002; De Petrocellis et al., 2011; De Petrocellis et al., 2012; De
Petrocellis et al., 2008; Lauckner et al., 2008; Morales et al., 2017; Neeper et al., 2007; Qin
et al., 2008; Ryberg et al., 2007; Sano et al., 2008; Vara et al., 2013; Vaysse et al., 1987;
Xiong et al., 2011). Moreover, THC modulates the mesolimbic dopaminergic pathway,
which plays an important and established role in drug-seeking and promotes behaviors
associated with the reinforcing effects of drugs (Lupica et al., 2004; Panlilio et al., 2015;
Zehraet al., 2018).

Although similar in structure to THC, CBD is considered the major non-psychotomimetic
component of cannabis. However, recent evidence from high-dose clinical and preclinical
trials indicates that some psychoactive effects may be associated with high plasma levels

of CBD (Solowij et al., 2019; Spindle et al., 2020; Szaflarski et al., 2019; Taylor et al.,
2018). From its first identification, in 1940 (Adams et al., 1940), CBD has been extensively
studied and found to exert many potentially therapeutic pharmacological effects, displaying
antipsychotic, antinociceptive, anticonvulsant, anxiolytic, anti-inflammatory, anti-oxidant,
and neuroprotective properties (Bergamaschi et al., 2011; Calpe-Lépez et al., 2019; Karimi-
Haghighi et al., 2020; Razavi et al., 2020). Until now, CBD has been shown to exhibit
minor adverse effects or toxicity and therefore demonstrates an acceptable safety profile in
preclinical non-human and human studies (Iffland and Grotenhermen, 2017; Taylor et al.,
2018), while exhibiting no rewarding effect (Babalonis et al., 2017; Parker et al., 2004).
Based on these data, the use of CBD has recently been considered as a potential treatment
for substance use disorders such as addiction. Even though the precise mechanisms by which
it exerts its therapeutic action have not yet been clarified, it is known that within the CNS,
CBD interacts with a wide range of receptors, enzymes, and other targets (Fig. 1).

Unlike THC, CBD is a negative allosteric modulator of cannabinoid type 1 (CB1R) and 2
(CB2R) receptors (Laprairie et al., 2015; Martinez-Pinilla et al., 2017) (Fig. 1). The role

of CB1R in substance abuse disorders is controversial and may depend upon the phase

of drug abuse (Galaj et al., 2020; Parker et al., 2004). Amongst CB1R inverse agonists

or antagonists, application of AM251 or SR141716 has failed to reverse the ameliorative
effects of CBD on cocaine-related reward (Galaj et al., 2020; Gerdeman et al., 2008), while
the neutral antagonist AM4113 has been found to inhibit the suppressive impact of CBD on
cue-induced reinstatement of cocaine-seeking (Lujan et al., 2020).

Within the ECS, the molecular targets of CBD include TRP subfamily V1 channels (Fig.

1). TRP channels are involved in reward-seeking behaviors and addiction (Blednov and
Harris, 2009; Marsch et al., 2007; Tian et al., 2010). Indeed, TRP channels have been
identified in brain areas associated with emotional response and cognitive behaviors such as
the HIP, thalamus, basal ganglia, hypothalamus, NAc, cerebral cortex, and locus coeruleus,
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which play multiple and essential roles in regulating neuronal activity and synaptic plasticity
(Sawamura, 2019). Several animal studies have demonstrated the involvement of TRPV1
not only in addiction to substance abuse, but also in subsequent behavioral changes such

as depression or anxiety (Singh et al., 2019). It has also been shown that capsazepine and
SB366791 (TRPV1 receptor antagonist) suppress METH-induced CPP and SA. Meanwhile,
TRPV1- knockout mice fail to develop METH-induced CPP, suggesting a crucial role

for these channels in the rewarding properties of drugs. Moreover, capsazepine treatment
decreases dopamine levels in the NAc of mice previously exposed to METH (Tian et al.,
2018).

Emerging evidence indicates that TRPV1 inhibition may be effective in treating opioid
addiction. Infusion of CPZ into the NAc attenuates morphine-induced CPP (Heng et al.,
2014), tolerance, and withdrawal phenotypes in mice. Following this, TRPV1(-/-) mice do
not respond to morphine reward (Nguyen et al., 2014). Adamczyk et al. have further found
that SB366791, a TRPV1 antagonist, reverses cocaine-induced reinstatement of previously
extinguished cocaine-seeking behavior. Conversely, SB366791 did not reduce cocaine SA,
suggesting that TRPV1 activity is not necessary for the reward response but is involved

in the mechanisms underlying cocaine relapse (Adamczyk et al., 2012). Taken together,
these data demonstrate involvement of TRPV1 channels in response to substance abuse,
identifying this as an essential pharmacological target in addiction therapy.

CBD acts as a TRPV1 agonist. Indeed, the pharmacological action of CBD is similar

to some natural and synthetic TRPV1 agonists, as it first binds vanilloid receptor type 1

and then induces its desensitization (Bisogno et al., 2001). Interestingly, the administration
of a TRPV1 antagonist blocks some of CBD’s effects (Long et al., 2006). In agreement

with this, anti-nociceptive and analgesic effects following capsaicin administration were
inhibited by the TRPV1 antagonists, CPZ, SB366791, and I-RTX (Onizuka et al., 2011;

Su et al., 1999; Wu et al., 2005). In the SA paradigm, CPZ, along with WAY 100135
(5HT1A antagonist) and AM630 (CB2R antagonist), prevented the inhibitory effect of CBD
on cocaine SA and cocaine-induced enhancement in brain-stimulation, while administration
of C1D16020046 (GPR55 antagonist) and naloxone (opioid receptor antagonist) did not
affect cocaine SA (Galaj et al., 2020). As above, the suppressive effect of CPZ could

be explained by its antagonist effects at TRPV1 receptors. The precise mechanism of

action underlying the beneficial effects of CBD mediated by TRPV1 remains somewhat
unclear. The simplest explanation, as suggested by Galaj, is the desensitization of TRPV1
receptors following CBD’s binding. CBD, similarly to both natural and synthetic TRPV1
agonists, induces TRPV1 receptor desensitization (Bisogno et al., 2001). Another possibility
is that CBD increases levels of anandamide via inhibition of fatty acid amide hydrolase
(FAAH) or fatty acid-binding proteins actions (Bisogno et al., 2001), which subsequently
suppresses cocaine-taking and seeking behavior (Adamczyk et al., 2012) by activation

of both CB1Rs and TRPV1 channels (Fenwick et al., 2017). As extensively reported by
Scherma and co-authors (Scherma et al., 2019), increasing AEA levels via FAAH-blockade
(e.g., URB597 or AM404) leads to a reduction in nicotine-induced CPP and SA. In addition,
this pharmacological intervention can attenuate some adverse effects related to withdrawal
from substances of abuse (Cippitelli et al., 2011; Ramesh et al., 2013; Vela et al., 1995; Zhou
etal., 2017).
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CBD has also been shown to facilitate the neurotransmission mediated by the serotonin

1A receptor (5-HT1A). Serotonergic transmission is strongly implicated in substance
abuse disorders, including addiction to substances such as cocaine, METH, amphetamine
(AMPH), and morphine, which interfere with the functionality of monoamine transporters
for serotonin, dopamine, and noradrenaline, leading to addiction-related behavior in humans
and animals (Koe, 1976; Muller et al., 2007; Ross and Renyi, 1967, 1969). Serotoninergic
neurons, which originate from the dorsal raphe nucleus (Ishimura et al., 1988), are
involved in the modulation of reward-related behaviors (Luo et al., 2015; McDevitt et al.,
2014). Indeed, these neurons project to brain areas associated with signifcant behavioral
effects of substance of abuse, such as the VTA and NAc (Miller et al., 2007). Many of
these serotonergic neurons express 5-HT1A auto-receptors localized at the somatodendritic
compartment, functioning to regulate neuronal excitability (Miller et al., 2007). Katsidoni
et al. demonstrated that CBD suppresses the rewarding properties of morphine, an effect
which was reversed by intra-dorsal raphe pretreatment with the selective 5SHT1A receptor
antagonist, WAY-100635 (Katsidoni et al., 2013), thus suggesting 5SHT1A receptors as a
CBD molecular target. Although the precise mechanism of action has not been elucidated,
the authors posit that activating 5-HT1A receptors by CBD might decrease extracellular
serotonin concentrations, leading to reduced mesolimbic activity. Moreover, as mentioned
above, WAY 100135 prevented the inhibitory effect of CBD on cocaine SA and cocaine-
induced enhancement in a brain-stimulation paradigm (Galaj et al., 2020), effects which may
also be mediated in part by the modulation of serotonergic transmission.

It has been ascertained that CBD exhibits activity at some additional receptors, including
the type 2 dopamine receptor (D2R; partial agonist) (Seeman, 2016), mu- and delta-opioid
receptors (negative allosteric modulator) (Kathmann et al., 2006), -y-Aminobutyric acid
(GABA) type A receptor (positive allosteric modulator) (Bakas et al., 2017), Glycine

a3 receptors (GlyR; positive allosteric modulator) (Xiong et al., 2011), type 1 dopamine
receptor (D1R) (Nouri et al., 2021), and a.7-nicotinic receptors in CA1 (Mahgoub et al.,
2013). Accordingly, CBD decreases p-opioid (Oprm1) gene expression in the NAc (Viudez-
Martinez et al., 2018), underlining its potential role in treating opioid use disorder. Because
CBD acts as a positive allosteric modulator of GlyR a3 (Xiong et al., 2011), it may be
considered as a novel alternative therapeutic agent for the treatment of neuropathic pain
since this receptor is involved in the management of chronic pain (Acufia et al., 2016).
Importantly, GlyRs have also been found in critical brain regions associated with addiction
processes, including the NAc and VTA (Jonsson et al., 2009; Jonsson et al., 2012), where
they seem to play an important role in reward transmission (Ye et al., 2004). Therefore,

the potential of positive allosteric modulators of these receptors in treating reward disorders
such as drug addiction should be thoroughly evaluated.

Although molecular studies conducted by Seeman (Seeman, 2016) have shown that CBD
binds D2R, the significance of such interaction in the modulation of reward mechanisms
has not been demonstrated (Volkow et al., 2017). Though less relevant among CBD’s
molecular targets, it is known that dopamine receptors have a crucial role in some regions
of the mesolimbic system involved in reward processes, including the HIP and NAc.
Haghparast and his colleagues investigated the possible link between D2R in the dorsal HIP
and the effects of intracranioventricular administration (ICV) of CBD on METH-induced
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CPP. They demonstrated that ICV administration of CBD during the acquisition and
expression phase could reduce METH-induced CPP. Signifcantly, this effect was reversed
by intra-CA1 injection of Sulpiride. Furthermore, the latter did not affect METH-induced
CPP in the absence of CBD. Therefore these results demonstrate that CBD modifies the
reward properties of METH via D2R in the HIP (Hassanlou et al., 2021). The authors

also demonstrated that intra-NAc administration of both D1 and D2R antagonists impaired
CBD’s inhibitory impact on the expression phase of METH (Sharifi et al., 2021). Based
on this, we strongly suggest that these results underline the importance of the dopamine
receptors as CBD’s targets in the modulation of METH’s rewarding properties.

Additionally, several studies have reported that CBD may modulate dopamine signaling in
reward circuitry. For example, bilateral PFC infusion of CBD elicits a reduction in dopamine
turnover (Rossignoli et al., 2017). Further, CBD alleviates the cumulative effects of cocaine,
including increases in extracellular dopamine in the NAc (Galaj et al., 2020), expression

of dopamine transporter genes (Calpe-Lopez et al., 2021; Gasparyan et al., 2020), and

the dopamine synthesizing enzyme tyrosine hydroxylase (TH) in the VTA (Gasparyan et

al., 2020; Viudez-Martinez et al., 2018). Microinjection of CBD in the shell of the NAc
hinders neuronal dopaminergic activity in the VTA (Renard et al., 2016). Together, these
data suggest significant participation of the dopaminergic system in the effects of CBD in
behaviors associated with reward.

CBD may also exert activity at the PPAR-y (Jadoon et al., 2016), primarily known for
participation in the regulation of inflammatory responses and the expression of genes related
to lipid and glucose homeostasis (Rajasekaran et al., 2015). Recently, PPAR-y receptors
have received increased attention for the potential treatment of drug addiction owing to their
presence in addiction-related brain regions such as the VTA (Melis et al., 2010; Moreno et
al., 2004). Several preclinical studies have demonstrated that PPAR-y agonists, pioglitazone
and rosiglitazone, reduce voluntary ethanol consummation in two bottle-choice paradigms
in rodents (Stopponi et al., 2011), modulate opioid-related behaviors (De Guglielmo et

al., 2015), and attenuate sensitization to METH and cocaine (Maeda et al., 2007; Miller

et al., 2018). In agreement with these findings, clinical studies have shown that PPAR-y
agonists can reduce cravings for nicotine, cocaine, and heroin (Jones et al., 2017; Schmitz
et al., 2017) without affecting opioid dependence (Schroeder et al., 2018). Thus, CBD as a
PPAR-vy agonist (Jadoon et al., 2016) could be considered a novel pharmacological therapy
to treat negative symptoms associated with addiction.

Finally, CBD’s function has been found to depend upon the mTOR/p70S6K signaling
pathway; direct injection of CBD to the shell of the NAc selectively increases the
phosphorylation states of this signaling pathways, whereas direct blockade of these
molecular effects in the shell of NAc via administration of Torin 2 (a selective mTOR
inhibitor) and PF4708671 (a novel and selective inhibitor of p70S6K) is sufficient to reverse
the effects of CBD on AMPH-induced sensitization and prepulse inhibition (PPI) deficits
(Renard et al., 2016). Pretreatment with various doses of CBD following METH injection
dose-dependently attenuated METH-induced alterations in p-GSK-3p, p-GSK-3p/GSK-3p,
pAKT, and p-AKT/AKT ratios across PFC, HPC, and VTA, and NAc (Yang et al., 2020).
ICV infusion of CBD (10 pg/5 pL) significantly dampens the mRNA expression level of
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IL-1B, IL-6, and IL-10 in the PFC, as well as reducing levels of TNF-a,, IL-1f, and IL-6 in
the HIP (Karimi-Haghighi et al., 2020) (Fig. 1). Thus, the ameliorative properties of CBD
on behavioral vioural and neurochemical perturbations elicited by drugs of abuse involve
multiple pathways, receptor systems, and enzymatic modulatory effects.

4. Cannabidiol used in addiction medicine

In preclinical studies, the effect of CBD on the reinforcing and rewarding impacts of
various types of substance abuse in animal models including SA and CPP paradigms

in different phases (acquisition, reinforcement, expression), extinction, drug-seeking, and
reinstatement, locomotion, and addiction have been investigated (Table 1). Clinical trial
studies are summarized in Table 2.

4.1. Opioids

Although opioids top the list of problematic drugs causing the most burden of disease and
drug-related deaths worldwide, only a tiny percentage of opioid addicts receive care; this
care is commonly based on targeting opioid receptors and does not effectively inhibit opiate
craving in all patients (Sharma et al., 2016; Wang et al., 2019).

The impacts of CBD on heroin SA and seeking behavior have been evaluated using an
experimental rat model. CBD failed to change steady-state heroin SA, extinction behavior,
or drug-seeking caused by a heroin primer administration in rats. Conversely, CBD was
found to prevent the reinstatement of cue-induced heroin seeking (Ren et al., 2009). Another
study, conducted in an experimental animal model, evaluated the effects of CBD on the
reward-facilitating and brain reward function effect of morphine by using the intracranial
self-stimulation (1Css) paradigm in rats. CBD (5 mg/kg) inhibited the reward-facilitating
impact of morphine. Moreover, CBD (5 mg/kg) did not affect the efficacy of brain
stimulation. In contrast, higher doses (10-20 mg/kg) increased ICss thresholds, indicating
that brain reward function is decreased by acute administration of CBD. ICss thresholds
were lowered by morphine but increased by CBD, suggesting that CBD is unlikely to exhibit
abuse potential (Katsidoni et al., 2013) (Table 1).

Moreover, CBD’s influence on the rewarding characteristic of morphine in the CPP
paradigm has also been evaluated. CBD (10 mg/kg) pretreatment effectively prevented
opioid reward in mice (Markos et al., 2018) (Table 1).

Following these discoveries, CBD’s effects in animal models of opioids addiction

were more thoroughly considered. In morphine-dependent rats, CBD’s impact on THC-
induced attenuation of morphine abstinence syndrome was investigated. Before naloxone
administration for the precipitation of acute withdrawal symptoms, rats were pre-treated
with either vehicle or CBD (10 mg/kg), accompanied by either THC (2 mg/kg) or vehicle
injection. CBD alone did not influence abstinence scores, but in cooperation with THC,
lessened the abstinence scores more than THC alone (Hine et al., 1975) (Table 1).

Additional evidence has demonstrated the attenuating effect of CBD on morphine
withdrawal. CBD (5, 10, or 20 mg/kg) was investigated in morphine-dependent mice and on
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naloxone-precipitated withdrawal symptoms. Therein, CBD attenuated jumping, defecation
and rearing behavior in the mice (Bhargava, 1976). In another study, the effects of CBD

(5, 20, or 80 mg/kg) were tested on mice given morphine before naloxone for precipitated
quasi-morphine withdrawal syndrome. However, none of the CBD doses successfully in
ameliorating the behavioral signs of withdrawal (Chesher and Jackson, 1985) (Table 1).

CBD employed for its effects on opioid craving has also been tested in human translational
studies. In one study, three groups of patients received fentanyl (0.5 or 1 pg/kg) on two
different occasions, with each group receiving either 400 or 800 mg of CBD or a placebo.
CBD was well tolerated at all dosages, and co-administration with fentanyl did not induce
respiratory depression symptoms or any cardiovascular complications (Manini et al., 2015)
(Table 2).

Cue-induced craving and anxiety in heroin-abstinent individuals were decreased by

acute CBD administration (400 or 800 mg), further demonstrating efficacy for CBD in
ameliorating clinical signs and symptoms critical to the continued cycle of addiction.
Additionally, there was a prolonged impact on these measures one week after short-term
repeated CBD treatment. CBD also reduced physiological measures of stress reactivity, such
as increased heart rate and cortisol levels, induced by salient drug cues without impacting
cognition (Hurd et al., 2019) (Table 2).

Psychostimulants

Compulsive drug-seeking and substance abuse, despite negative physical consequences
(seizures, ischemic strokes, and acute liver injury) and precipitated mental health disorders
(anxiety, cognitive impairments, and psychotic symptom), have been determined as
characteristics of psychostimulant abuse (Brownlow and Pappachan, 2002). Epidemiological
investigations have declared that the number of cocaine abusers is increasing (Mena et

al., 2013), and cocaine abuse has been identified as a signifcant public health problem
impacting roughly 20 million individuals globally (Richards et al., 2016). While many
studies have sought to identify efficient remedies for psychostimulant abuse, there is no
FDA-approved medicine for psychostimulant abuse disorders, including cocaine, METH,
and AMPH (Czoty et al., 2016; Mariani and Levin, 2012).

In the SA model, CBD (10-40 mg/kg) dose-dependently blocked acquisition and reduced
total intake of cocaine in both rats and mice (Galaj et al., 2020; Lujan et al., 2020), in
addition to lowering voluntary consumption and progressive-ratio breaking point in mice
(Lujan et al., 2018). Further, CBD shifted the cocaine dose-response curve downward and
lowered the breaking point under a progressive-ratio schedule of reinforcement in rats (Galaj
et al., 2020) (Table 1). In terms of METH, CBD (80 mg/kg; IP) reduced the motivation
towards METH SA in rats (Hay et al., 2018).

In terms of drug-seeking, CBD (in a gel volume of ~640 ul/kg corresponding to ~15

mg/kg CBD) attenuated context-induced and stress-induced drug-seeking without inducing

tolerance/desensitization to CBD, nor sedative effects or interference with normal motivated
behavior after cocaine (0.25 mg/infusion in the volume of 0.1 ml over 4 s on a fixed ratio 1)
SA in rats (Gonzalez-Cuevas et al., 2018). Mahmud and their colleagues reported that CBD
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treatment (5 or 10 mg/kg, IP) could not to block cue-induced cocaine-seeking following a
14 days withdrawal period from cocaine SA (0.5 mg/kg/infusion) under a progressive ratio
schedule of reinforcement in rats (Mahmud et al., 2017).

Elsewhere, CBD (20 mg/kg) failed to impact extinction training but reduced ‘extinction
burst’ behavior, defined as the paradoxical enhancement of operant responding in mice
(Lujan et al., 2021) (Table 1).

Several preclinical researches studies were assigned to evaluate the effect of CBD on

the reinstatement of cocaine-seeking in the SA paradigm. It was reported that CBD (10
mg/kg) potentiated stress-induced reinstatement of cocaine-seeking behavior (Lujan et al.,
2021) while cocaine-induced reconsolidation and priming-induced reinstatement remained
unchanged following CBD treatment in mice (Lujan et al., 2018). In contrast, Lujan et al.,
2020 indicated that CBD treatment suppressed cue-induced reinstatement of cocaine-seeking
in mice (Lujan et al., 2021) (Table. 1).

In CPP paradigm studies, repeated CBD injection (10 and 20 mg/kg) reduced cocaine

(10 or 15 mg/kg)-induced CPP (Chesworth and Karl, 2020; Lujan et al., 2018) without

any effect on behavioral sensitization in mice (Lujan et al., 2018). Moreover, the mice
treated with CBD (10 mg/kg) exhibited decreased cocaine preference and consolidation

of cocaine memory (Chesworth and Karl, 2020). In terms of AMPH, bilateral infusion of
CBD (100 ng/0.5 pL) in the NAc shell reduced its sensitization, psychotomimetic behaviors
(hyperlocomotion and sensorimotor gating deficits), and dopaminergic neuronal activity
within the VTA of rats (Renard et al., 2016) (Table. 1).

Regarding METH, CBD (40 and 80 mg/kg; IP) suppressed METH-induced CPP in a dose-
dependent manner (Yang et al., 2020). Meanwhile, ICV infusion of CBD inhibited both
acquisition (10 and 50 pg/5 pL) and expression (50 ug/5 pL) phases (Anooshe et al., 2021);
while, it enhanced sensitization (10 pg/5 pL) of METH-induced CPP in rats (Khanegheini
et al., 2021). Elsewhere, intra-CA1 microinjection of D1R antagonist impaired CBD’s
suppressive impact on the acquisition and expression phases of METH-induced CPP in rats
(Nouri et al., 2021). In our recent study, intra-NAc administration of either D1R or D2R
antagonist impaired CBD’s suppressive effect on the expression phase, while just a D2R
antagonist alone inhibited the CBD’s impact on the acquisition phase of the METH-induced
CPP (Sharifi et al., 2021).

Regarding the extinction phase, CBD (5 mg/kg) facilitated the extinction of both cocaine
(mice and rats) (Calpe-Ldpez et al., 2021; Parker et al., 2004) and AMPH-elicited CPP in
rats (Parker et al., 2004). Conversely, Chesworth and Karl reported that CBD could not to
modulate the extinction of cocaine-induced CPP in mice (Chesworth and Karl, 2020).

In the context of reinstatement, cocaine-induced reconsolidation and priming-induced
reinstatement remained unchanged following CBD (10 mg/kg) treatment (Chesworth and
Karl, 2020; Lujan et al., 2018). However, in other studies, CBD at different doses blocked
priming- and stress-induced reinstatement of cocaine in mice (Calpe-L6pez et al., 2021) and
the reconsolidation of propensity for environment-paired cocaine in rats (De Carvalho and
Takahashi, 2017). Regarding METH abuse, CBD administration during the extinction period
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(80 mg/kg; IP) (Hay et al., 2018) or at the time of the reinstatement (10 pg/5 uL; ICV)
inhibited reinstatement of METH-induced CPP (Karimi-Haghighi and Haghparast, 2018)
(Table 1). Moreover, the d,I-AMPH-conditioned rats that were treated with CBD (5 or 10
mg/kg, IP) did not exhibit reinstatement, the AMPH-induced enhancement in D1R and D2R
in the PFC and ventral striatum, the AMPH-induced reduction in dopamine transporter in
both PFC and ventral striatum, nor the decrease in TH in the ventral striatum (Metz et al.,
2021) (Table 1).

Chesworth and Karl reported that CBD (10 mg/kg) treatment reduced the intensity of
cocaine-induced locomotion in mice (Chesworth and Karl, 2020) and blunted the expression
of locomotor sensitization induced by cocaine and caffeine co-administration in rats (Prieto
et al., 2020) (Table 1). It should note that CBD (15-60 mg/kg) did not change locomotion but
prevented D-AMPH-induced hyperlocomation elicited without catalepsy induction in mice
(Moreira and Guimaraes, 2005).

AMPH (10 mg/kg) disrupted the PPI test, while CBD (15-60 mg/kg) administration alone
had no such effect. CBD pretreatment attenuated the AMPH-disruptive effects on PPI test
after systemic (30 and 60 mg/kg) or intra-NAc (60 nmol; 0.2 uL) administration in mice
(Pedrazzi et al., 2015) (Table 1).

In addiction models of psychostimulant abuse, ICV administration of CBD (160nmol) over
the abstinence period ameliorated the METH-induced deficiency in long-term memory,

as well as METH-induced hyperlocomotion and disruption in spatial memory following
chronic METH exposure in rats (Razavi et al., 2020) (Table 1). CBD (40 mg/kg; i.p.)
treatment normalized signs of disturbance of spontaneous cocaine withdrawal (15 mg/kg/day
at day one and rising to 60 mg/kg/day at day 11 for three times a day), including motor and
somatic signs. It elicited an anxiolytic effect in mice (Gasparyan et al., 2020).

In clinical trials, thirty-one crack-cocaine-dependent men were treated with CBD (300 mg/
day) or placebo for ten days. Despite promising evidence presented above from preclinical
studies of rodent models, there was no evidence for CBD decreasing craving levels as
compared to placebo groups. Thus, CBD was unable to interfere with symptoms of crack-
cocaine withdrawal and craving (Meneses-Gaya et al., 2020). Moreover, the risk for cocaine
relapse was similar in CBD- and placebo-receiving participants (Mongeau-Pérusse et al.,
2021) (Table 2).

4.3. Marijuana

Marijuana refers to dried leaves, flowers, stems, and seeds from the hemp plant,

Cannabis sativa. The plant contains the mind-altering chemical, A-THC, and other related
compounds. Individuals suffering from cannabis use disorder, CBD (400 and 800 mg) was
efficacious to reduce rates of cannabis abuse (Freeman et al., 2020). It should be emphasized
that all data regarding CBD treatment in marijuana abuse has been collected from controlled
clinical trial studies.

In a separate case study, a 19-year-old woman with a history of smoking 4-8 cannabis
cigarettes per day since age 13 and exhibiting cannabis withdrawal syndrome was treated
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with CBD for ten days in the following regimen: 300 mg on Day 1 and 11; 600 mg on
Days 2-10. Daily symptom assessments demonstrated the absence of significant withdrawal,
anxiety, and dissociative symptoms during the treatment (Crippa et al., 2013) (Table 2).

Elsewhere, twenty frequent cannabis users daily received CBD (200mg) in a 10-week,
open-label trial while continuing their regular cannabis use. All subjects were evaluated

at baseline and post-treatment by psychological and physiological tests. CBD was
well-tolerated without exhibiting notable deleterious effects; some participants even
retrospectively declared a decrease in euphoria when smoking cannabis. No cognitive
defects nor detrimental effects on the psychological condition were observed. Furthermore,
participants underwent considerably fewer depressive and psychotic-like symptoms at
posttreatment compared to baseline. They showed amelioration in the cannabis-abuse-
induced deficits in attentional switching, memory, and verbal learning. These particular
findings correlated with increased plasma concentration of CBD (Solowij et al., 2018).
Elsewhere, Solowij et al. 2018, pretreatment of CBD (200, 400, and 800 mg, p.o.) failed to
alter reinforcing, physiological, or positive impacts of smoked cannabis (Haney et al., 2016)
(Table 2).

In an additional study, long-term heavy cannabis users showed a reduction in HIP volume
(Ycel et al., 2016; Yiicel et al., 2008), and gray matter density. An inverse correlation of the
ratio THC/CBD with the volume of the right HIP was noted. CBD correlated positively with
gray matter concentration, but not with gray matter volume in the bilateral HIP (Demirakca
etal., 2011). Daily oral treatment by CBD (200 mg) in regular cannabis abusers increased
left subicular complex volume, including left parasubiculum, presubiculum, and subiculum,
with medium-large effect sizes. An enhancement in the right CA1 volume over the trial was
found mainly in heavy users. The plasma concentration of CBD also correlated with right
subicular complex and total right HIP growth in heavy users (Beale et al., 2018) (Table 2).

Nabiximols (Sativex; containing THC 2.7 mg/dose and CBD 2.5 mg/dose) has been found
to significantly reduce scores on the cannabis withdrawal scale, as well as cravings,
irritability, and depression in cannabis dependent individuals (Allsop et al., 2014). Three-
month treatment with Sativex (up to 113.4 of THC/105 mg of CBD) concurrent with weekly
motivational enhancement therapy and cognitive behavioral therapy reduced cannabis use
with no significant increases in withdrawal in cannabis-dependent participants. Craving
scores increased during the first two weeks but progressively returned to baseline levels from
the third week of treatment (Trigo et al., 2016) (Table 2).

4.4. Alcohol

CBD has also exhibited therapeutic potential for treating alcohol use disorder. CBD’s
effects on ethanol reinforcement, motivation, and relapse in mice were shown in a recent
study. Ethanol use, SA, CPP, and ethanol-induced relapse were all reduced upon CBD
administration (Viudez-Martinez et al., 2018). In another study, rats were trained to self-
administer alcohol at 24h intervals for seven days and then treated with CBD. CBD
diminished the stress-induced drug-seeking behavior and alcohol’s sedative effects and
inhibited the motivation for alcohol SA. These effects of CBD persisted for up to five
months, while the plasma levels of CBD were evident for only three days. Elsewhere, CBD
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lessened measures of impulsivity and anxiety in alcohol-dependent mice (Gonzalez-Cuevas
etal., 2018) (Table 1).

The positive effects of CBD detected in the animal models of alcohol addictions justified
further studies evaluating the therapeutic effects of CBD in patients seeking treatment for
alcohol use disorder (Nona et al., 2019; Turna et al., 2019) (Table 1).

In one clinical study, CBD’s impact on alcohol intoxication was investigated in ten

healthy volunteers, who were administered either placebo, 1 g/kg of alcohol, 200 mg

of CBD, or both alcohol and CBD in a double-blind, cross-over design. Compared to
placebo, the participants recieved alcohol and CBD and those consumed alcohol alone
suffered significant impairments of motor and psychomotor performance and conveyed
significant overestimations of time. The study results suggest either negligible or minimally
enhancing effects of alcohol consumption in combination with CBD. Strangely enough,
while practically no impacts of CBD on objective or subjective observations of intoxication
were detected, the combination of alcohol and CBD vyielded significantly lower levels of
blood alcohol compared to alcohol given alone (Consroe et al., 1979) (Table 2). In sum, the
favorable effects of CBD on alcohol-related harms and addiction phenotypes in preclinical
propose that CBD can be an effective alternative to treat alcohol use disorder; however, more
studies are needed.

4.5. Nicotine

The use of an inhaler of CBD (administering 400 pg) for one week significantly reduced the
number of cigarettes smoked by ~40% of subjects during treatment. However, this reduction
was not concurrent with a change in cigarette craving across the week (Morgan et al., 2013).

Elsewhere, CBD (single 800-mg oral dose) reversed attentional bias to cigarette cues and
diminished explicit pleasantness during abstinence such that cigarette stimuli were rated as
less pleasant after CBD treatment (Hindocha et al., 2018b) while verbal or spatial working
memory and impulsivity were improved by CBD during tobacco abstinence (Hindocha et
al., 2018a) (Table 2).

5. Conclusion

The therapeutic effects of CBD have been evaluated in both animal models and preliminary
clinical trials conducted in individuals with different types of neuropsychiatric disorders,
including drug abuse disorders. Several studies have proposed that CBD may be a reliable
agent to inhibit the reinforcing and rewarding impact of drugs. However, further preclinical
and clinical studies are necessary to confirm the potential for CBD as an intervention for
the treatment of drug abuse disorders. It should be mentioned that its efficacy depends

upon a wide range of factors such as the sequence of injection, administration route, and
dosage/dose ratio. The studies reviewed in this article sought to consistently ascertain the
tolerability profile of CBD when administered to the animal and human subjects. However,
precise attention must be given to potential drug-drug interactions between CBD as a potent
inhibitor of CYP 2C and CYP 3A enzymes and other agents metabolized by these two
enzymes (Ujvary and Hanus, 2016). Moreover, several main toxicological parameters are yet
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to be investigated in earnest. For example, CBD affects on hormones (Bergamaschi et al.,
2011; Iffland and Grotenhermen, 2017).

Finally, future attempts should be encouraged to clarify the relationship between the

ECS, glutamatergic, serotonergic, and the immune system (all systems impacted by CBD
treatment) since these systems are all involved in the regulation of the rewarding properties
of drugs. Overall, CBD treatment can be a novel tool with some potential applications in
treating substance use disorders and their comorbidity; however, more trials are needed to
establish real clinical utility. Future studies could take these restrictions into account and
focus on evaluating CBD’s effects in the various stages of psychotic disorders, considering
the high prevalence of comorbidity with substance abuse disorder.
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Abbreviations

2-AG 2-Arachidonoylglycerol
AMPH Amphetamine

AEA N-arachidonoylethanolamine
BSR Brain-Stimulation Reward
CBD Cannabidiol

CB1R Cannabinoid type 1 receptor
CB2R Cannabinoid type 2 receptor
CBRs Cannabinoid receptors

CPP Condition Place Preference
CPz Capsazepine

CNS Central nervous system

D1R type 1 dopamine receptor
D,R type 2 dopamine receptor
ECS Endocannabinoid system
FAAH Fatty acid amide hydrolase
GlyRs Glycine receptors
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GABA v-Aminobutyric acid

HIP Hippocampus

ICss Intracranial self-stimulation

ICV Intracerebroventricular

METH Methamphetamine

NAC Nucleus accumbens

PFC Prefrontal Cortex

PPAR-y Peroxisome proliferator-activated receptor
PPI Prepulse inhibition

pERK1-2 phosphorylated Extracellular signal-regulated kinase phosphorylation
SA Self-administration

TH Tyrosine hydroxylase

THC A®-tetrahydrocannabinol

TRP Transient receptor potential cation channel
VTA Ventral tegmental area

5-HT1A Serotonergic receptor 1A

5-HT3A Serotonergic receptor 3A
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Fig. 1.
Schematic representation of the mechanisms underlying the CBD’s actions on the effects

were elicited by drug abuse.

Neuropharmacology. Author manuscript; available in PMC 2023 April 01.



Page 29

Karimi-Haghighi et al.

‘pousad
92UBUNISqe pue BuIARID BURI0I JO UOKEgNIUI S J. aolw "301W Ul BulAeID JO UOIEGNIUI PUE JOIABYS] (8102)
‘ouewIoad yse) puewsap Juanbasgns ay} Jayje 0} dl -0c VS 18203 1A 3N Buiaas-auresod uo s1oays [oipiqeuue) | °Je 18 oueinz-aiba|y
S|1e} Inq ‘@xelul aured09 Hulobuo ssonpal agd
'sAep ¢ J0 . sleJ ajew uj Buiyaas auresnd
porad [emelpyim e Jajye Buiass suresod paonpul . n_—__m VS auresn) %_ﬂ mwmmm paonpui-and pue UoKeSIuILIpPe-}[3S aUIeI0d - HMQH%FMV o
-aNJ pue /S dUIeI0d jenuslie 0} a|geun si gD 0T puES IR UO Juswiea} |0IPIGeUURD 8INJ. Uk JO S198))3 [€ 15 PLUEN
"auoxanjeu Aq pajendioaid
uoislane ade|d pauonipuod Jusnbasgns pue ddd . siel
-aulydiow ssanpal 4gD ‘J9A0BIO "BUIBI0D pue . owm ddD MM_M%_%M Em_wsm e JEISI Ul SBLIOWBW Pareldosse-fnip [enixauod ‘R M@H%\mw ]
aulydiow yiog yym paired JUSLUUOIIAUS 8} 10} 0T pueS P 18203 I BIEN JO uoIyep1j0su02al ay sydnisip [oIpiqeuue) I Urented °a
89uaJaaid Jo uonepljosuodal syl siredwi agd
syes u1 Bulutes| asualayeld
"9TLTYTYHS Aq s1es Aome 80e|d pauoIpuo padnpul-sulwelsyduwe
PasIana. J0U SI 193J48 SIU} pUe ddD Padnpul-HdINY dl‘s ddD uch.%c_\_,wwoo .w:mmaw m_m_z puUe PadNpuI-aured09 Jo uondunxa ayl | (¥00g) ‘1e 18 Jexed
pue 3UIB202 U10q JO UOIDUINXA 8y} sarenualod gD : UO |0IpIgeuUUEd PUB |oulqeuued0IpAyRIIe)
-6V 40 S8s0p MO 40 10843
‘Burjeubis z—Ty3d Bunejnbaiumop uonejAioydsoyd z-TM¥3T 40 [013U0D
Aq sabueyd asay) saslanal UOIBISIUILIPEOD sied AeimeQ Jeuondalipiq ybnoayy sndwedoddiy [enuan .
ago ‘ddD aulydiow ul uonngue adusljes bu oot ddd aulydion anbeids aje\ 31 Ul Joulqeuued0pAyRII81-6-Q JO S10a)0 (6702) "fe 30 uospnH
sajenualod QH JO uoIsSnjul dIH [eJiusA -enu| -apIs a1dosioyaAsd auyp S1oeIS)UNOI oIpIgqeuUURD)
"103)J9 SAISISNE UB JO PIOA 3sop e 1e 0S | ‘d] ‘0z pue 201w 01| Ul 90URJ3J81d 32€|d PAUOIIpUOD .
pue dd9 suiydiow jo uopenuape ue ssdnpoid dgd | ‘0T ‘S‘s2 ddd aulydion 9/19.G2 8leN aulydio uo joIpigqeuur) JO s19843 (8702) "I 30 SOHEN
"GE900T-AVM 0 uonoaful
aydel [esiop-eul Ue y3m Juawieali-aid Aq dl ‘0z uoneINwns 3UIRI0D pue sied AojmeQ .m:w_ommhumw_ \,_N_Q.mm_m% %&Qmﬁwuom (2102)
pasIanal SI 19849 SIYL "aureand jou Ing ‘suiydiow pue ot ‘s -}19S [elueIoRIU| aulydioy -anbeuds afeiN Mw.__wM_mww H §>8_m a.&._ _.sc_ ol w muc:w ‘e 18 1UopISIEY
4030348 BUIEN|I9}-PIEMBI B SHGIYUI AFD RENoR-p i SUGIUT jolpiqeuLEd
*9NJ PaUOIIIPUOI B 0} 81nsodxa Ag S9IUBCUNISIP
pajeIsulal Jo1Aeyaq Buixaas-ul0iay sarenuale ajiym dl Sled sueng JeuoJNaU J1qII|0SaW 813JISIP S8ZI[ew.ou pue .
Bunxaas utosey paonpul-Buiwnd 1o ‘uonounxa | oz pue g VS uloJaH -6uoT e BuIpjess uloJay paonpul-ana SHGIYUI ‘SIeuRd (6002) ‘e 10 oy
‘WS UI0J3Y J0 ayeIul 3|geIs Jaye 0 S|iey agDd J0 Jusuodwiod a1dosjoyaAsduou e ‘joipigeuue)
e Joulqeuued0IpAYRIIe)
"pasn sjana| abiesop ay 1e 199148 oYM SI gD :m__.ow, aulydion .%m&% _\wmm pue [oIpIgeUUER) ‘joulgeuued Jo 1938 | (S86T) '[e 10 Jaysayd
pue 0c 'S SelEN :awoJpuAs remelpyim aulydiow-isenb ay
"I0IABYaq BulIeal pue uo1edasep Lo 201w
“a0uausqe aurydiow 4o subis omy pue sousunsqe - dl0¢ Aouapuadaq auiydioy [ 3%y 9puadap-aunydiow ur souaunsae perendroaid | wa»wwm
aulydiow payendidaid-auoxoleu ayl sHgIyul ago pue 0TS IMS SIEIN -3U0XO0JeU U0 SPIOUIJeUU.D BWOS JO 19813 _ ug
"aousunsae aulydiow Burinp Joineyaq s1ed Juspuadap-autydiow Ul sdusunsqe
Jeuornielol sajenualod gy 'subis aouaunsge aousuUNSAY aulydion siey Burinp sasuodsai paanpul-QH_L UO |oIpIqeuued (526T) "[e 18 BUIH
parendioaid Jo uoienuaye ay) sasealoul gD puUe [OUIgeUURD JO 10819 [elualayid
(6>/6w) poylaw asnge
S3W09IN0 Adewlid 2500 Qg9 uonenjeAg soURISANS a|dwes 3L sioyiny
asnge Bnip uo 1980 s,ag) Buipaebal saipnis [ewiue Jo Arewwnsg
‘T 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript



Page 30

Karimi-Haghighi et al.

"U01I0WO090)

‘ . - 201w 921w u1 sBnup aswiwoloyaAsd Aq paanput .
U0 19343 JO PI0ASP SI gD ‘4an0aI0oN Asdajered dl ‘09-GT uonowoaotadAH HdIAY -a : e e ;| (5002) ‘Ie 18 ea1BION
BUIANPUI NOLIIAA UOHOW20L3AAY SHQIYUI AFD SSIMS 3[eIN uonowod01adAy ay3 sigiyui [oIpiqeuue)
V1A 3y
321W Ul 8Ure209 Ag padnpul aduaiajaid
ul uoissaldxa auab payiodsues) sulwedop pasealoul 09 PUE 08 JusWaeISUIal aUIE20D) 201w soe|d PAUONIPUGD 3} 10 USWATEISUIB] P3oNDUI . (1202)
3UIBI0J S3SIANBI PUB ddD BUIBI0I JO JUBWSIeISUID) pue uonoduNXx3 T-ad 9eN -ssans pue -bunund suansid (oIpigeULE [e 18 zado-adeD
paonpul-ssans pue -Buiwnd sugiyur ago P S 1o1piq S
‘wsiueyoaW
: 901W Ul JoIABYaq
JUapUadap-YTgD Ul JUBWAJEISUIB) PadNPUI-SSalIs g
satel|198y Q9D ‘ETTYINY Aq panqiyur soaya | di ‘0z vs aurea0) _ o . Dupfs3s-3u1eao 40 JUSWSIEISUIR) PRONPUL | (771 15 15 Tugfiny
' T-aD 9eN S$S3J3S pUE BNJ UO [0IPIgeuUUED JO S198) 8y}
JUS281 SIU} ‘JUsWaNeISUIBS PadNpUI-and a8y} $20|q L3I ETTHINY 1SIU0BeILE 1013991 T87)
‘Buipuodsai ,1sIng UoIdUNX3, S8INPal AgD :
Slel Ul auIaled pue aulednd Jo uonensiuiwpe
"pajuN|q SI UOIIEZIISUSS BUIBYLI PUB SUBI0I pauIquiod ayl Aq pajdl|e Xaliod [euoiyaid
10 UOITRUIQUIOI 8} JO UOISSaIdXa 8y ‘Jansmoy dl ‘0z JN_WMMMMmm :w:mwmﬁww - m_&Em " pue SUaQWINIJE SN3JINU 3y} Ul sabueyd (0202) '[e 10 0191d
‘s|ewiue payeal) ggo Ul paseaoul sl UOROWOI0 H L P 18203 SIM BN 31]0ge1aW 8y} pUe UOIRZI}ISUSS J0I0W00|
3y} Jo uoissaidxa sy} sluanaid joipiqeuue)
‘uoissaldxa ausb HzgD
10 uonenBaidn ay) sarowoid pue THGD 4O ase8Id8p
. sy [eMBIPYIM BUIRI0D
3y sare|nbial ‘uoissaldxa auab H pue Janodsuesy dl ‘ov |[emeIpYIM 201w (0z202)
aulwedop paoueyus $20]q uoensiulWpe g | pue ‘0z ‘0T snoaurjuods 5uIea0d T-aD e m:wmmwémm,w Dﬁw__wm%:%cwwmoﬂ_wmmw_m%o__mwwﬁwm ‘|e 10 ueAsedsen
3} ‘JSA0BIOIN “[EMBIPUIIM BUIBI0I Ul S8OUBGINISIP PUE [EI0IABYS] S3IE[NPOW o1pI] 2
suBis d17ewos pue Jojow Sazifewsou gD
“JuswWiareIsulal pawnd
-3UIBI09 PUE ‘UOIIUIIXS JO 8Bl Y} ‘UOIFePI|OSU0Jal LRI 89100 Ul AJOWBW JUSLILOIALS (0202)
afueyo 03 s|rey 492 "UOIOWOIO| PRINPUI-BUIBI0D dl 0T ddd auresn) £9/19.50 R nD. "
SAIJIPOLL PUB ‘UOIYEPI|OSUOD 3UIBI0D ‘IX81U0D alew }npy 3U1e00 $3npal (QFO) I0IPIGRUUED | /B> PUBLIOMS3UD
paJred-aured0d ay} 10} adualayald saanpas AgD
"aurdazesde) pue GETOOTAVAM ‘0E9INY AQ paxo0|q
: 1 ' swsiueydaw Joydadal
51193443 5,080 0S|V OYN 9U1 Ul auluredop | . o Vs aurea0) _Sfel Sueng TAJYL pUe WTHL-G ‘280 Aq stel u aureood | (0202) ‘[e1e fereo
Je|n||ade1xa PaduByUd pue ‘pJemal UoIeINWiS fuo aje 40 $103133 BUIPIEM3] U} SAIBNUNIE [OIPIGEULED
-UlelQ PaoULBYUa-3UIRI0 ‘WS aUIed0d sHqIyul agd : -
el Arejunjon
"9Xelul 3UIRI0D |10} dl aolw 3UIe202 UO |0IpIgeUUED JO S1981Jd aA119a104d )
pue uonisinboe JolAeya(q S auIed0d saanpal gD | ‘0z pue 0T VS 8UIE20D T-ad aleN 8y} sajenuane sisauaboinau jedwesoddiy (0202) "re 12 uefn7
30 uononpal [eaifojodewreyd ay L
‘A101s1y 8auapuadap [oyooe
ue yum Auaisindwi yBiy o uswdojansp pue aL:b VS |oyooye stel -asn Brup Sw_mﬁ_m,_ﬁﬁ“wocwﬁ_ﬂm>ﬁwwﬂww% (8102) 'I®
AiaIxue [euswiadxa ay} sesealdsp g Bumess | 00T /B G2 pue 8UIed0D JTeISIM [N oIDIGRLLED 10 enusiod jusuean anbiu 19 SeASND-Z3[BZU0D
9UIBI0D PAdNPUI-SSAIIS pUe 1XBIL0I $89NPal d9D 1otpa 40 [Ehua) jeal} anbiun
“JUBWIAIEISUIBL sndwesoddiy asnow
paonpui-Brup jou Ing ‘whipesed vs ayyur | di ‘og pue vs aUIe20 aolw 3Up Ul U0Issaldxa MTAJ pue uonedold | (o o 1o 1s el
juiod Buryealq onjel anissaiboid pue uondwnsuod ‘0z ‘0T ‘S 18203 TAo 9N |ednau saje|NPOW pue axejul aulednd 8102) "[e 38 ugim
AJeIun|oA ‘ddD padnpul-surednd ssjenuape agd ddD S80NpPaJ Juswieas) |olpiqeuue) paresday
(6/6w) poylaw asnge
$3LL021N0 Atewlid 2500 ag9 uonenjeng souRISANS a)dwes CIAN sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript



Page 31

Karimi-Haghighi et al.

pouiad aousunsqe

"9ouBUNSae Bulnp diH 8yl ul WL sjel
/49N PUB ‘T4V ‘E1L/ANASE 0 S|3A8] UoIssaldxe cﬂowﬁ aInsodxa o1uoIYD HLIW JEISIM oulgpe u_:wﬂ_o:m_mﬁ,\,ﬂ_ﬁwﬂm_r_c%_%mﬂ%%%m% (1202) '[e 10 1nezey
WNYW 8y} saseasoul ago 4o uonesiuiwpe AD| sew }npy : - 5 T 1
10 uoIssaldxa ay} sare|npow [oIpigeuue)
. Jel 8y} U1 douaiagaid
UOIIOWO20] dY} UO 19819 8pIS sjel .
I | souge | PN sy | 0200
uomisinbae yioq sassaiddns @go Jo uoisnjur AD| afew }npy passaiddns AUSIOLS [OIPIGEULED
slel ay)
"HL3IN Jo ainsodxa 21uoayd Aq pasredwi owu siel ur Azowsw uoubosal Jo Juswiredwi paonpul
aJe ey} Alowsw wlal-Buo| pue -1Ioys Sasianal pue _ e aInsodxa 21uoIyD H13N JeISIMN oulge -auiwelaydweylaw uo porsad asusunsge | (0z0z) '[e 18 Inezey
Alowaw [ereds sanosdwi @go Jo uoisnyul AD| 09T pue ce afew npy ay1 Bunp |oIpIgeuueD Jo uonelsiulpe
21U0IY9 J0 198449 anndal0idoinaN
. . stes ul Aemyed
suolBal ureiq snotiea ssoloe g340-d pue ‘dedso | ., . . :
-d ‘L y1v-d ‘uTewdis ays ui sesuodsas Aiongryuy | d! -8 PUE ddod HL3N Stey faieq OUIEUDIS EO/HE-MSOLLIIVAITEWDIS Ol | (7)o 33 e
NUSIALIID SISNED PUE dd?) -HLI SHAIjUI 48D oV ‘0z ‘0T —anBeids ajeN EBIA 89udJ8)a1d ade|d pauonIpuod padnpul
el ! 1qiyul -aulwelaydweylaw sajenuaye joIpiqeuue)
. 110dal aniebau e ;801w Ul TO8-MIN
TO8-MIA 10 HL3IN Aq paonpul uonowodolsadAy | wut .
0T ANAIOE 10J0W007T] H13N 801w 9/19/8D pue sujwelaydweylaw Aq paanpui Joineyaq | (6T0Z) '[e 18 auyser
8U3 U0 198145 OU Pey dgd yum Jusuesald M1]-S1S0ydAsd Uo |oIpIgeUURD JO 198)J8 By L
. L stes Ul asdejal pawiid-suiwelsydweyisw
uonounxa Jaye asdejal pawnid-H1 JIN s8onpal dl ‘08 siel As|meQ : : : .
28 VS H13aW pue aulwelaydweyisw JaISIUILPe-4|3s 0} (6702) ‘I8 18 AeH
pue /S H.L3IN 0} UOIIeAOW Y} Saseatdap agd | pue ‘ov ‘0g anbeids afelN UOITEANIOW 341 $30NP3J 1USWIEA [OIPIGEULED
dIH 8y1 U1 sjaAs] 0T-11 pue ‘9-1 ‘d1-11 ‘P s
e paysinburxa
-4N.L ay1 siuawbne uorearidap daa|s INTY a10)9q sjel .
U3l Q1D SI0UIBLLNS dIH 3 i o1 pue | - Bl o7 ddd Huaw | msmougr | e eiebronmey | 1 1B e
g1-71 'D-INL 0S[e pue 'O-id ay) ul 0T-11 pue a[ewW npy 10 UOISSaIdXa B SAIE[NPOLL [OIPIGEULED e o
9-T11 ‘gT-711 40 uoIssaldxa ayy sasealdsp ago
'Sjel sjel sted panudap das|s ( ) e
pantdap das|s NTY Ul USAS JuswWaleIsulas pasnpul Bl o1 ddD H13N JeISIMN oulge INTY ul aulwelaydweylaw Jo JuaaieIsulal o1 m_ﬂ%wu -__E_ e
-HLIIN 8L SI3pUIY AFD 4O UOKRASILIPE A sew NPy paonpur-Buiwiid suqiyur joipigeuuey | ¥ HOIUDBHAILLEN
S[ewlue ddd-HdNV s
\ 184 O Seale ureiq d1gW1j0d11I090SaW
u1 JoIneyaq ax1|-A1a1Xue sasealdap pue ‘asdejal . .
Y Sluanalt oot reiq passasse oy Ui Sabyey | 1 0T 10 ddo HdINY sjes ut sjena] Jo1daoai-zQ pue -Tq sayeinpow pue | (1202) ‘e 18 ZIeW
oiBiauiedop au) S[ans] [eseq 1e sate|Npow ago asdeas auiwelaydwe syuansid joipigqeuue)
Aemuyred Buieubis aseury 950,d/40LW [aAou
"UOIBZI}ISUSS PAdNPUI-HAINY uonezIISUasS sied Ag|meq e ybnoayr Aemyred suiwedop d1qwijossw .
sarenualle g9 40 UoIsnul 9N JO [[ays-enu] 6u ot 10J0WOY2ASH HdINV anbeids afelN 3U} JO UOIIBZIIISUSS [BIOIABYSQ PUE [BUOINBU (9702) '[e 30 pieusy
paonpul-aulwelayduie s}oeIa)unod jolpiqeuue)
"uondnusip dl 109
1dd 4O UoITenuaYIe 8y} 40} JUIIDIYNS ag 0} SWaas | pue ‘0g ‘ST Juswiredw! |dd aolW aulwelaydwe Ag paonpur uondnisip (s102)
9N 8y} ojul uoisnjul ago ‘os|y "uondnusip | owN 8y} paonpuI-HdINY HdNV SSIMS 3[eN uomqiyur esindaud ayp ui s19a8 |oIpIgeULED ‘[e 19 1zeipad
Idd P8dnpul- HAIN'V 3yl sejenuse agd | Ul jowu 09
(6/6w) poylaw asnge
$3LL021N0 Atewlid 2500 ag9 uonenjeng souRISANS a|dwes S|ML sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript



Page 32

Karimi-Haghighi et al.

"OWN 8} Ul YzgD saseadul
pue OWN 83 Ul G54dD pue ¥T1gD ‘Twido
‘WLA 83U} Ul H JO uoissaidxa auab sasealoap

. » dl ‘02T 801040 sl r 801W uj 8sdejal pue uopeAnow (L102) "B
1] “asde|al paonpul-JouBy1d pue ‘WS [oURYlS [eI0 ; [[ollek]\% , }
al Ut sasuodsal SAI0AL 40 JagLIN B ‘aeIl pue 09 3[N0g-0M] V'S [eI0 9/19.252 8[eN uondwnsuod joueyls saonpal [oIpigeuue) | 18 ZaujuBN-ZapnIA
JouBRYId ‘821042 3]110G-0M] 8} Ul 3dualajaid
pue uondwnsuod joueryld sarenusne Ago
‘ddO-HL3IN
susguinaoe
ay} Jo aseyd uonisinbae sy uo 10edwi s,agD ayr sjed
paugiyur apiding 1snf aj1ym ‘aseyd uoisseldxa or ddo EN JEISIM oulg[e Snajonu 8L Ul 810148031 AIDIUIWEAOP | 1 .o 15 1 ey
0S pue o1 JO JUBWaAjoAU| BulWElBydweylaw Jo
aup uo 1oedwn Aionqyut 5,089 patedw spuiding Slew 1Py s10ay3a Buipsemal ayp sitedwi joIpigeuue)
10 06EEZHOS J3y}is JO Uone.SIuILPE OYN-BAU| : S
uoibai
'saseyd uoissaldxa pue uonisinboe Bri sied d dd d d
4100 Ut ddO-HLIN U0 8D JO SIaya bulsealosp | o o ddO HL3W JEISIV, oulq[E mm_ﬂwmm cﬁmﬁmwﬁ mwuc%wwm_hwNwmwmommﬂrmﬁmcwm Te Hmﬁwmmwmm:
3y} pasianal apuIdins Jo uonensiuiWpe Ty D-ehu| ajew Jnpy DOONPUI-HL TN 3U1 SOIEINPOL [OIPIGELUES
8ouaJayaid
'ddD-HL3IN Jo seseyd uoissaidxa Bl sjel 90e|d pauonIpUOd paanpul-aulwelsyduweyiaw
pue uonisinbae yioq uo 1oedwi aaissaiddns 05 puUe 0T ddd HL13In JeISIAN oulgfe 10 uoissaldxa pue uonisinbae uo joipigeuurd (T202) 'Ie 18 LINON
s,@dgD siredwi 0EEZHOS J0 UOISNJUI TV D-BIU| afew Jnpy JRLENE] bs_ga_sc_ 9%%_ $101da231 auiwedop
a1]-1Q [edweooddiy 40 JUBWAAJOAU]
. sjeJ a[ew ul aouaisyald
S0P JAMO| © PJemo] 6r 0oz siel )
ddD-HLIW J0 Wuawiyst|qelsa ays payiys ‘eseyd | - pue ‘00T ddd HL3W sesip ouigre | 22919 pauonIpuod paonput-auumdydureiaw - (1202)
uoneznIsuas sy} Bulinp gD Jo uonensiulwpe AD| '0S ‘0T ajew Jnpy 40 uoissaudxs sl o) uoflezisuss Jo [ 18 tutaybaueLy
e : R Juawdojanap ay} paoueyus [oIpIqeuue)
(6/6w) poylaw asnge
$3LL021N0 Atewlid 2500 ag9 uonenjeng souRISANS a|dwes S|ML sioyiny

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript



Page 33

Karimi-Haghighi et al.

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript

‘Aiowaw pue ‘Bulures|
. : |eL [eaiul|d |agel-uado onjewbheld e
Jequan ‘BulydlIMs [euonusle Ul Siuswwanocsdwi .
[eu [eauno [age| :s19sn sigeuued Jejnbal ul uogouny aAiubod (8102)
pue w%%wwﬁ_\mmmﬂw%%m_ﬁmm mmm %mNm%ummw 00e -uado onewbeid Slgeuued S19SN siqeuue) pue swoidwAs [earbojoyaAsd uo Juswiess ‘e 18 imojos
u co_«u:ce.toae ﬂc&_o_tmu cmgmm.:-n_m_o Joipigeuued pabuojoid Jo s10844e onnadesay |
. pul|g Siqeuued payows
QgD 40 uondun, e s 008 -a|gnop ‘paziwopuel sigeuue SI)OWS siqeuue 0 5108448 Jejnasenolptes o Burdlojulal (9102)
Asen jou pip sBunel siqeuued pue s siqeuued | pue ‘00v ‘002 19 ,mm_%::.__\,_ P a & A a 0 .o>:omm:%mc%\_$_m_ 10U mmaw OIpIGeUUE %_SO ‘e 18 AsueH
. leuy .
[eMEIPUNM Ul SaSealaul (@90 N S3149s ased e :9ouapuadap
0U Y1IM $8Sea108p 2SN SIgeuued JO Junowe ay | 10 Bw 50T vm__%_::.wo mwwow \d sigeuue) mmﬂhm%:c%%% sigeuued Joj Juswieal) se ABajens uonuanaid . mﬁmmﬁwmw_
‘sjuedionued (e Aq paleajol [|am st xaAles | 01 dn) xannes w o.%mc_m_ ) o_m d 9 S asde|al-|eI0INRYSQ UNM Pa]RIJoSSE XBAIRS I UL
‘sBuineld
B aouspuadap |eL [eaiun|o
Se [|am Se Juawieal) Juairedul Burinp sayel 08 asop Ajiep |eLy [eaiunfo siqeueD SIqeULED POZILIOPUEI © [BMBIDUIA SIGRULED BuLNp . ¥102)
uoNUalal sanoldwi pue [emelpylIM siqeuued Jo winwixen paziwopuel YL-AFNST Adesau Juawwaoe|dal 1siuobe ue se sjoWIXIqeN le 10 dos||v
uorreInp pue AJ1IaAsS 8y} S39Npal SJOWIXIGeN : o
BWOIPUAS
'S3IIPIIOW0d dLeIYIASd ou [eMeIpyiim .
Yy sjuaired uj ISes| Je ‘aWOIPUAS [emelpyim 009 - 00€ Modai ase) sigeuue) Slgeuue? sl Qm:&wﬂw_umwmcwm%moﬁ%m %meﬂﬁw - MMH%_MV_ )
sigeuued Ul 1088 annadelay) aney Aew g UM UBWIOM : 4 otp! I ;
plo-1esh-6T
‘dIH [eJa¥e[ig 8y} Ul UOII_IIU3dUO0D
S13sn Siqeuued |oIpIqeUURd
. Jouew Aeib yim salejaiioo Ajaaisod agd sigeuue) [euorlealal 10 S)0a)43 9A119310.d 8]qISSOd :SJash siqeuued | . (1102)
PaAIBSq0 SI dIH JUBLI 81 J0 BLUNJOA B3 LI 21U0IYD BN 40 sndweooddiy ayy ur Janew Aeib paysiuiwig B30 ERRAWEA
ago/OH.L 01184 38U} JO UOIIR|31I0D 3SIaAUI Uy ! 1 1 1w
. Japiosip lei
1apJosIp asnqe . .
asn 8Janas Pa]1043u02-0ga2e|d PazIWOopUe & :IapJosIp (1202) ' 18
mc\mmoow %,. wmﬁﬂ.ﬁmm%m Lﬂ_mn%m \Wﬂwfmm_mowo 008 asdejas pue buies) 8uIRI0) 0} ayelapowl Yim asn auILd0d UM sfenpiAlpul ul asdejas | assniad-nesbuoiy
q P18y ! | ! 18300 UBWOM NPy pue Buineld 10} JusLWIRA) B SE |oIpIqeuuRD
‘suoless)fe souspuadap A Al d 6 (0202)
, . : aUIed0d 2UIBI02-YJRI0 pnis puljg-ajgnop Asolesoldxa ue :Buineld 0202) 'Ie
daa|s pue ‘uoissaidap ‘A1aIxue Jo Ssio1edlpul 00g Buinesn
DUE S1oA9] BUIABID U0 105113 OU peYy g0 DRLTle) %%H__%c:mﬂw_\_,ﬂ. 3UIBI02-XJ.1D JO JUBWIEaI] B} Joj [oIpIqeuue) | 18 eARS)-Sasaus|N
. . leu [el} paj|0u02-0qade|d paziwopuel puljq
S1981J2 8SI5ADE mmo:mm OU 313y “S[ENPIAIpUL pajjoJu02-0gade|d 49pi0sIp -3|gnop ® :13pJoSIP asn U104y YIIM S[enplIAipul .
JUBUIISGe-UI0IBY Ul AJBIXUE pue BuiAeld paonpul 008 pue 00Y DazILIOpUE] uloJaH asn ul0Jay yum JUBUINSGE-BRIp U A13IXUE pUE BUIARID (6102) "l 18 PANH
-anJ $3dNpaJ uoesIulWpe qg) 8Ny pUING-319N0Q UBWOM pue U3\ P3ONPUI-aNY J0 UOIIONPaI 3} 10 [OIPIGEULED
"AjaA1108dsal ‘g pue T SuoIssas Ul Sinoy
: . S Jan0-55019 suewny Ul [Aueua) SNouaAeul YIM
¥ PUE € J€ PALINOD0 Xeul} QgD 8sop uby oYy 008 pue 00Y pajjosu02-0gade|d JAuBlusS sisejunjon AUBNWOUO0D PaIAISIUILPE U3YM |OIpIgRUUERD . (102)
Al9A119adsal ‘g pue T SUuoIssas Ul sinoy §'T DUIg-21nog AyljeaH €10 10 SONAUI{0IEWLEYd pUE A1aIES 1e 38 lUlUeN
pue € T Palind20 Xewsl ‘qgD aSop-Mo| JaYy : O
S3WO09IN0 Atewld (0d “6o4/Bu) powsw asnqe a|dwes L sioyiny
: 9sog agDd uolrenjens aoueIsqns ;
asnge Bnip uo 1988 s,ag) Buipaebal saipnis [ealul}d Jo Arewwing
‘¢ 9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 34

Karimi-Haghighi et al.

*90UBUIISTe 020B(0} 19A0SS049 193 0WS Juapuadap ( )
Buunp Anaisindwi Jo ‘Alowsw Buryiom 008 paj10J1u02-0gade|d 000Bq0L siaows anasebly ana.e610 ul souaunsge Bulnp Alowsw pue - amwmaww ul
Jeeds Jo [egJan anoidwi Jou ssop 49D puig-ajgnog Aunisindwi uo |o1pigeuuRd JO S19a48 ay | _ YoopuUIH
‘ago Aq
paloageun ase [emespyim pue Buinesd sabewi JaN0SS04D [emeIpUNM 032€]0} JO ( )
anatehId o ssaujueses|d 1o1jdxa saonpal 008 pui|g-ajgnop 020e00] siayjows analebin ]apow [eluswLIadxa uewny e ul sand analehio - Hmwﬁww ul
@ago 'send apatebio woly Aeme paroallp ‘paziwopuey 0} Selq [euoiluale SasIanal |oIpiqeuue) _ U20PUIH
SI Selq [euofjusle d1jewolne sasianal gD
“JuawWieal] Burinp 940t~ Aq payows senetebio pajj041u09 ogaoeld sBuipuly Aleulwijald :Siexows 039eqo} (€T02)
10 Jaquinu 8y} saanpal Ajpuediyiubls ago bri 00w puig-sjgnog 092eqoL Siaxjows aaiedio u1 uondwnsuod anasehld saonpal [oIpIgeuuR) ‘e 18 uefioN
" "S]an9|
uBisap paziwopues S133)UnjoA
J0Y09Je PO0|q S8sealdsp ggo "Uolesie 002 : ;memwoau 1040y Emuamam_:usm suewiny (6.6T)
aAnoalgns pue sasuodsas an1ubod pue Jojow ‘OUING-51aN0 wsod Aues U1 |oyode pue |0IpIqeuUeD JO UoJBIaU| ‘e 18 90JSU0D
10 SsjuaWaldap sadnpoid dgo snid joyod|y putig-signed LHESH
- pasiwopuel . , lei
JuawiIeal) Buunp asn siqeuued Buionpal oy 008 ‘0311011U09-003221d Jp— sJasn ueisaAeg anndepe ‘pasiwopuel ‘pajjoauod (0z02)
uonia1o Julodpus Arewnid ay) speaoxa dgD | pue ‘00v ‘002 p .__c_ﬁ i %o I 1q 0 sigeuurd G-NSa -0gaoe|d ‘purjg-ajgnop ‘ez aseyd e :Japlosip ‘e 18 Uewaal
putig-sianod SN SIgeuuEd JO JuaWleal} 8y J0) [OIpIgeuuR)
. uonouny
ag) 01 asuodsal a10yaAsd JAA0SS01D
-[)Ue paiun|g e moys Aew siash siqeuue) *Ajuo HNI 9T pui|g-ajgnop sigeuue) $13sn sigeuue) _%%%M:Ec%ocwcm%“M%mﬁﬁwcwwwﬁﬁmﬁﬁ%m_mm - um.mmm%os_
s1asn Jybi| ul $8109s |Sd S8INpal suole ago pasiwopuel "398 J0 S198113 PAUIGUID PUE [ENPIAIDU]
'slasn Aneay ui Arenaiured
. : : sJasn siqeuued
| mc%mumww wﬁ_ﬂmmm%_ﬁn_ﬁmm mrmww_ﬂ_rm%ﬁ_m 002 _m"w%__u.wﬁ%wa siqeuue) $13SN sigeuue) JUS.1INJ U1 SBWNjoA playgns jedwesoddiy ._mﬁwﬁm_wm g
18IN21NS 161 Ja1ealB UBIMISQ SUOHERIDOSSY U0 $103}43 JUaLLYER) |OIPIGRUUED P3BUOjOId
S3W021N0 Adewlid (od “oy/Bu) poulaw asnqe a|dwes AL sioyiny
: 8s0g agd uolrenjeng aoueIsqns ;

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2023 April 01.

Neuropharmacology. Author manuscript



	Abstract
	Introduction
	A brief history of cannabidiol medicinal uses
	Mechanism of cannabidiol’s action in the treatment of drug abuse
	Cannabidiol used in addiction medicine
	Opioids
	Psychostimulants
	Marijuana
	Alcohol
	Nicotine

	Conclusion
	References
	Fig. 1.
	Table 1.
	Table 2.

