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Background: Cannabidiol (CBD) is a natural component of cannabis that possesses 
a widespread and complex immunomodulatory, antioxidant, anxiolytic, and antiepileptic 
properties. Much experimental data suggest that CBD could be used for various purposes 
in alcohol use disorder (AUD) and alcohol-related damage on the brain and the liver.

Aim: To provide a rationale for using CBD to treat human subjects with AUD, based on 
the findings of experimental studies.

Methods: Narrative review of studies pertaining to the assessment of CBD efficiency on 
drinking reduction, or on the improvement of any aspect of alcohol-related toxicity in AUD.

Results: Experimental studies find that CBD reduces the overall level of alcohol drinking 
in animal models of AUD by reducing ethanol intake, motivation for ethanol, relapse, 
anxiety, and impulsivity. Moreover, CBD reduces alcohol-related steatosis and fibrosis in 
the liver by reducing lipid accumulation, stimulating autophagy, modulating inflammation, 
reducing oxidative stress, and by inducing death of activated hepatic stellate cells. Finally, 
CBD reduces alcohol-related brain damage, preventing neuronal loss by its antioxidant 
and immunomodulatory properties.

Conclusions: CBD could directly reduce alcohol drinking in subjects with AUD. Any other 
applications warrant human trials in this population. By reducing alcohol-related steatosis 
processes in the liver, and alcohol-related brain damage, CBD could improve both hepatic 
and neurocognitive outcomes in subjects with AUD, regardless of the individual’s drinking 
trajectory. This might pave the way for testing new harm reduction approaches in AUD, in 
order to protect the organs of subjects with an ongoing AUD. 

Keywords: alcohol use disorder, alcohol-related damage, cannabidiol, liver fibrosis and cirrhosis, neuroprotection, 
addiction
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INTRODUCTION

Alcohol use disorder (AUD) is an addictive disorder characterized 
by a progressive loss of control upon alcohol use. AUD consists of 
several clinical criteria that include alcohol tolerance, withdrawal 
symptoms, craving, as well as medical and psychosocial 
consequences. AUD is responsible for a severe burden of disease. 
Worldwide, AUD causes more than 3 million deaths every year, 
which represents 5% of all deaths (World Health Organization, 
2018). More specifically, subjects with AUD may be affected 
by the consequences of recurrent alcohol abuse on the body, 
including alcohol-related liver disease (ARLD), and alcohol-
related brain injury (ARBI).

ARLD is a progressive alcohol-induced liver injury, which 
starts with an increase in the amount of fat in the liver—a process 
called steatosis—and continues into a progressive cell loss, 
fibrosis, and hepatic insufficiency—a process called cirrhosis 
(O’Shea et al., 2010). ARLD may result in severe liver failure, and 
represents a major risk factor for liver cancer. Overall, alcohol-
attributable liver damage is responsible for 493,300 deaths every 
year, and 14,544,000 disability adjusted life years (DALYs), 
representing 0.9% of all global deaths and 0.6% of all global 
DALYs all over the world (Rehm et al., 2013). In subjects with 
ARLD, preventing the transition from steatosis to cirrhosis is 
a major treatment goal, and this usually requires to stop or to 
dramatically reduce the average amount of consumed alcohol in 
the long term (European Association for the Study of the Liver A 
et al., 2018). AUD also affects the brain, through ARBI. Subjects 
with AUD display reduced gray matter volumes and reduced 
cortical thickness, as well as increased ventricular volumes, 
when compared to matching healthy controls (Bühler and Mann, 
2011). The most significant reductions in grey matter volumes 
are observed in the corticostriatal–limbic circuits, including 
the insula, superior temporal gyrus, dorso-lateral prefrontal 
cortex, anterior cingulate cortex, striatum, and thalamus 
(Bühler and Mann, 2011). Cognitive functions associated with 
these brain areas (e.g., executive functions, working memory, 
emotion recognition, or long-term memory) are impaired in 
subjects with AUD (Stavro et al., 2013). Generally, cognitive 
dysfunctions start to improve quickly after alcohol withdrawal, 
but patients substantially recover only within the first weeks to 
months of alcohol abstinence, and sometimes remain impaired 
(Stavro et al., 2013; Schulte et al., 2014). Similarly, the recovery 
of structural brain alterations can be highly variable depending 
on brain areas and individual features (Durazzo et al., 2015; Zou 
et al., 2018). Overall, both ARLD and ARBI involve alcohol-
related inflammatory processes (Mandrekar and Ambade, 2014; 
Neupane, 2016). Current medications for reducing alcohol 
drinking or supporting alcohol abstinence in AUD subjects 
are still insufficiently effective at a population level, and new 
therapeutic prospects are needed (Rolland et al., 2016; Soyka and 
Müller, 2017). Moreover, no drug for reducing alcohol-related 
harms, either on the brain or the liver, has ever been studied.

Cannabidiol (CBD) is a natural constituent of Cannabis 
sativa. Unlike tetra-hydrocannabinol (THC), CBD has no 
psychotomimetic properties. However, CBD exerts several 
important effects on the central nervous system, including 

anxiolytic, antipsychotic (Iseger and Bossong, 2015), analgesic, 
or antiepileptic effects (Campos et al., 2016; Lee et al., 2017). In 
this respect, an oromucosal spray with CBD and THC in a 1:1 
ratio (SATIVEX®, GW Pharmaceuticals) has been approved in 
Canada as a treatment for multiple sclerosis spasticity (Keating, 
2017) since 2005, and is now approved in 22 countries worldwide.

More recently, CBD has been approved in the US for seizures 
prevention in Dravet and Lennox–Gastaut syndromes, and will 
therefore be available for clinical practice very soon (Food and 
Drugs Administration, 2018). Due to its action on cognitive 
processes and anxiety regulation, CBD is also increasingly 
considered as a potential treatment for other neuropsychiatric 
disorders, including anxiety, depression, and substance use 
disorders (Campos et al., 2016; Lee et al., 2017). In addition to 
its actions on the brain, CBD has systemic effects, through its 
complex immunomodulatory and antioxidant properties (Booz, 
2011). This has raised increasing interest in CBD for various 
inflammatory or immunological diseases, such as cancer (Massi 
et al., 2013), neurodegenerative diseases (Fernández-Ruiz et al., 
2013; Karl et al., 2017), colitis (Jamontt et al., 2010), cardiovascular 
diseases (Stanley et al., 2013), and diabetes (Gruden et al., 2016).

CBD is a weak, noncompetitive, negative allosteric modulator 
of cannabinoid-1 (CB1) receptors (Pertwee, 2008; Laprairie 
et al., 2015; Tham et al., 2019), however, a large part of the 
pharmacological action of CBD seems to be based on mechanisms 
that do not involve cannabinoid receptors. For example, the 
molecular mechanisms through which CBD prevents seizures 
are currently debated on, but several potential molecular 
targets other than cannabinoid receptors have been identified. 
In particular, CBD is a partial antagonist of G protein-coupled 
receptor 55 (GRP55), identified as an endocannabinoid target 
(Ryberg et al., 2009), which could be involved in the decrease of 
neuronal excitability, through an action on gamma-aminobutyric 
acid-ergic (GABAergic) neurotransmission (Devinsky et al., 
2014; Musella et al., 2017; Chen et al., 2018). CBD also regulates 
calcium (Ca2+) homeostasis by acting on mitochondria stores 
(Ryan et al., 2009), and blocks low-voltage-activated (T-type) 
Ca2+ channels, modulating intracellular calcium levels (Ross 
et al., 2008). Other hypotheses include inhibition of anandamide 
hydrolysis via fatty acid amide hydrolase (FAAH) (Watanabe 
et al., 1998; Massi et al., 2008; Leweke et al., 2012), activation of 
peroxisome proliferator-activated receptor γ (PPAR-γ) (Devinsky 
et al., 2014), positive allosteric modulation of serotonin 1A 
receptors (5-HT1A receptors) (Rock et al., 2012), activation 
of transient receptor potential vanilloid type 1 (TRPV1), and 
reduction of adenosine reuptake increasing adenosine levels 
(Carrier et al., 2006; Zhornitsky and Potvin, 2012).

The systemic immunomodulatory and antioxidant properties 
of CBD appear to be based on complex mechanisms. CBD acts 
on many cellular pathways of inflammation, such as the nuclear 
factor kappa-light-chain-enhancer of activated B cells (NF-
κB) pathway (Rajesh et al., 2010; Juknat et al., 2012; Khaksar 
and Bigdeli, 2017), as well as the interferonβ/signal transducer 
and activator of transcription proteins (IFNβ/STAT) pathway 
(Juknat et al., 2012). Through activation of adenosine receptor 
A2a, and inhibition of adenosine reuptake (Carrier et al., 2006; 
Castillo et al., 2010), CBD can modulate the activity of multiple 
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inflammatory cells, including neutrophils, macrophages, or 
T-cells. CBD also decreases the production of inflammatory 
mediators such as interferon-c (IFN-c), interferon-γ (IFN-γ) 
(Lee  and Erdelyi, 2016), tumor necrosis factor α (TNF-α) 
(Magen et al., 2009; Rajesh et al., 2010; Khaksar and Bigdeli, 
2017; Wang et al., 2017), interleukin (IL)-1β (IL-1β) (Pazos et 
al., 2013; Wang et al., 2017), IL-6 (Lee and Erdelyi, 2016), and 
the expression of intercellular adhesion molecule 1 (ICAM1) and 
vascular cell adhesion molecule 1 (VCAM1) (Rajesh et al., 2010). 
Furthermore, CBD decreases caspase 9 (Castillo et al., 2010) and 
caspase 3 activation (Iuvone et al., 2004; Rajesh et al., 2010; Da 
Silva et al., 2014; Santos et al., 2015), which are factors involved 
in apoptosis. CBD up-stimulates anti-inflammatory cytokines 
IL-10 (Kozela et al., 2017). Finally, CBD activates the PPAR-γ, 
a nuclear receptor that plays a central role in the regulation of 
metabolic and inflammatory cell processes, including those 
leading to apoptosis (O’Sullivan and Kendall, 2010).

Because of its various effects on the brain and on systemic 
inflammation, CBD involves a large potential array of 
complementary therapeutic applications in AUD. First, CBD 
could help patients with AUD reduce their level of alcohol 
drinking. Second, by modulating the inflammatory processes in 
the liver, CBD could reduce alcohol-induced liver steatosis and 
fibrosis, thus constituting a novel harm reduction agent among 
subjects with AUD, particularly among those who still exhibit 
heavy drinking. Third, CBD could reduce ARBI. The aim of 
this narrative review is to offer a comprehensive overview of the 
current body of evidence about these three specific applications 
of CBD in subjects with AUD or animal models of AUD, and to 
discuss what should be the next steps of research on these topics.

METHODS

A narrative review was performed after a systematic search on 
PubMed, using the following algorithm: “cannabidiol AND 
(alcohol OR ethanol).”

On the basis of the 143 studies published between 1974 and 
June 2018, 26 original studies were included in the present 
review. Additional articles useful for the rationale of the review 
were selected from the reference list of initially selected studies, 
or using independent search results on PubMed.

Results are sorted in three independent sections: cannabidiol 
for reducing alcohol drinking, cannabidiol for reducing alcohol-
related liver inflammation, and cannabidiol for reducing alcohol-
related brain injuries.

CANNABIDIOL FOR REDUCING ALCOHOL 
DRINKING LEVELS

CBD effects on alcohol drinking were tested in preclinical 
studies using several procedures to investigate AUD, including 
propensity to drink ethanol with the two-bottle choice or 
the operant self-administration procedure, and behavioral 
sensitization. Four main studies have been published so far, and 
they provide thorough and congruent evidence that, in rodents, 

CBD can reduce ethanol intake, motivation for ethanol, relapse, 
reinstatement after extinction, as well as the levels of anxiety and 
impulsivity correlated with ethanol intake.

A first study in male C57BL/6J mice, an ethanol-preferring 
strain, demonstrated that the administration of CBD reduced 
reinforcing properties, motivation, and ethanol relapse (Viudez-
Martínez et al., 2018). Increasing doses of CDB (30, 60, and 
120 mg/kg) administered intraperitoneally (i.p.) progressively 
decreased both ethanol preference (from 75% to 55%) and intake 
(from about 6 g of pure ethanol/kg body weight/day to 3.5 g/kg/
day) in a two-bottle choice paradigm (water versus 8% ethanol 
solution). The results were confirmed in an operant paradigm in 
which mice had to press a lever to get access to 36 mL of 8% 
ethanol solution. In the operant paradigm, animals had to work 
(press a lever) to get access to ethanol; this is useful to assess 
motivation to drink ethanol, because the price to pay (effort) can 
be increased by the experimenter. In the context of this operant 
paradigm that includes a saccharin fading phase, administration 
of the CBD-controlled release microparticle subcutaneous 
(s.c.) formulation (30 mg/kg/day, s.c.) significantly reduced the 
number of active lever presses by about 40% in a fixed-ratio one 
schedule (one press required to get ethanol) as well as in a more 
demanding fixed-ratio three schedule (three presses required to 
get ethanol). It also reduced motivation to drink ethanol by about 
50% in a progressive ratio schedule, and relapse by about 30% after 
an extinction session with a 120 mg/kg i.p. dose. It had no effect 
on water reinforcement or motivation. In addition, CBD reduced 
3.0 g/kg ethanol-induced hypothermia and 4.0 g/kg ethanol-
handling-induced convulsions but did not have any effect on 
blood ethanol concentration. CBD treatment was associated with 
changes in gene expression of key targets closely related to AUD. 
A single administration of CBD (30 mg/kg/day, s.c.) during oral 
ethanol self-administration decreased gene expression of Oprm1, 
GPR55, and CB1 receptor in the nucleus accumbens (NAc), 
while CB2 receptor expression was increased; it also decreased 
gene expression of gene encoding tyrosine hydroxylase (TH) in 
the ventral tegmental area (VTA). In a second study, the same 
authors tested the effect of CBD (20 mg/kg s.c.), of naltrexone 
(0.7 mg/kg, oral), and of their combination in male C57BL/6J 
mice using the same operant paradigm (Viudez-Martínez et al., 
2018). They found that combining CBD and naltrexone reduces 
ethanol consumption and motivation to drink ethanol more 
efficiently than either drug administered alone. 5-HT1A receptor 
gene expression was reduced in the dorsal raphe nucleus after 
CBD treatment.

A third study was carried out in male Wistar rats using 
an operant paradigm in which animals pressed a lever to get 
a 10% ethanol solution during 30-min sessions (Gonzalez-
Cuevas et al., 2018). CBD was administered transdermally 
(gel concentration: 2.5  g CBD/100  g gel) to avoid low oral 
bioavailability (~6%) and conversion into psychoactive 
cannabinoids in gastric fluid. Transdermal CBD produces stable 
and sustained plasma CBD levels. Rats were trained for 2 weeks 
during the sweet solution fading phase, then trained for only 
10 days under a fixed ratio 1 schedule and finally, extinction 
sessions were carried out (i.e., sessions without ethanol 
and ethanol-associated cues). After extinction and baseline 
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(vehicle treatment) reinstatement, the effect of 15 mg/kg CBD 
(delivered every 24 h over a 7-day treatment phase) was tested 
on reinstatement induced either by context, by pharmacological 
stress (yohimbine 1.25 mg/kg i.p.), or by physical stress 
(footshock). CBD reduced the number of responses during 
context-induced reinstatement (~50% decrease) on sessions 
(days) 1, 4, and 7 of the treatment phase. CBD effect was long 
lasting, since the 50% reduction was still visible 3, 18, 48, and 
even 138 days (sessions) after the CBD treatment phase. CBD 
treatment was also efficient on stress-induced reinstatement and 
particularly on the one induced by yohimbine pharmacological 
stress. As for the effect of the context-induced reinstatement, 
the stress-induced reinstatement was strongly reduced 138 
days after CBD treatment. Since the benefit of CBD treatment 
may come from its anxiety prevention properties, the authors 
also tested its effect in the elevated plus maze on rats that had 
consumed ethanol and ethanol-naïve rats. CBD (15 mg/kg) 
decreased anxiety in both groups. CBD effects do seem AUD 
specific since it had no effect on reward seeking motivated by 
palatable sweet solution. Moreover, AUD is associated with 
impulsivity in humans and impaired impulse control is a risk 
factor for relapse. Interestingly, the authors tested the effect of 
CBD (15 mg/kg) on impulsivity in rats with a history of ethanol 
intake using a delay discounting task (preference for delayed 
large over small immediate reward as a function of delay time). 
Preference for delayed large reward was significantly lower in 
rats with ethanol history compared to ethanol-naïve rats and 
this effect was fully reversed by CBD.

A fourth study in male mice tested the effect of CBD on 
behavioral sensitization to the motor stimulant effects of ethanol 
(Filev et al., 2017). Behavioral sensitization is a relevant animal 
model used to study the incentive salience sensitization theory of 
drug addiction. The sensitization to the motor stimulant effects 
of ethanol may reflect the sensitization to the motivation to 
consume ethanol during the development of addiction, and may 
be of particular importance during escalation of drug use and 
during relapse, since it is a very long-lasting phenomenon (even 
after a long period of abstinence). Sensitization is considered to 
be a first step in neuroplasticity associated with drug dependence 
and may mimic the transition from use to abuse and dependence. 
In the sensitization model, CBD (2.5 mg/kg) had no effect on the 
acquisition and expression phases.

In summary, preclinical evidence show that CBD may be of 
strong therapeutic interest in AUD and could have a significant 
action on drinking levels in human subjects with AUD, since it 
is effective on different aspects of the disease (intake, motivation, 
relapse, anxiety, and impulsivity). However, it should be noted 
that there are no available data on CBD efficacy in more relevant 
animal models of AUD, such as binge drinking models (Jeanblanc 
et al., 2018; Jeanblanc et al., 2019) or in models that use more 
chronic exposure to ethanol and behaviors linked to addiction 
(loss of control over intake, compulsive use of ethanol, increased 
motivation) (Meinhardt and Sommer, 2015). Thus, whether CBD 
is effective in animal models such as the postdependent state, in 
which rats drink ethanol for months and are exposed to ethanol 
vapors in order to induce dependence, is unknown.

CANNABIDIOL FOR REDUCING ALCOHOL-
RELATED LIVER INFLAMMATION

Animal studies also demonstrated that CBD could significantly 
reduce liver steatosis and fibrosis that are induced by both chronic 
and binge ethanol administrations, based on its antioxidant, 
immunomodulatory, and lipid metabolic regulation properties.

In ethanol-fed rats and mice hepatic cells (Lim et al., 2011), 
CBD triggered the activation of an endoplasmic reticulum 
stress response, leading to the selective death of activated 
hepatic stellate cells (HSC) through activation of the inositol-
requiring enzyme 1/apoptosis signal-regulating kinase 1/c-Jun 
N-terminal kinase (IRE1/ASK1/JNK) pathway. By contrast, 
CBD had no effect on HSC in control rats. HSC are involved 
in the development and progression of liver cirrhosis. As the 
activation of HSC increases, there is an excessive production 
of type I collagen, leading to a progressive hepatic fibrosis. The 
activation mechanism of this pathway was independent from 
cannabinoid receptors, suggesting that the action of CBD on 
alcohol-induced liver steatosis is not mediated by this specific 
pharmacological pathway.

In another study, CBD was demonstrated to reduce binge-
alcohol-induced liver damage (Yang et al., 2014). Mice were 
force-fed with ethanol (30% v/v in saline, 4 g/kg) every 12 h for 
5 days. They were then divided into two groups, and injected i.p. 
30 min before each ethanol gavage with either CBD (5 mg/kg) or 
vehicle (Tween 80 2% saline). Eventually, mice were sacrificed, 
and their serum and liver were collected. CBD prevented the 
increase in serum aspartate aminotransferase (AST), a marker of 
liver injury, and significantly attenuated the increase in hepatic 
triglycerides (TG) level. CBD also stimulated in vitro and in 
vivo autophagy, which alleviated lipid accumulation. Finally, 
CBD decreased ethanol-induced oxidative stress in the liver, and 
prevented c-Jun N-terminal kinases (JNK) pathway activation, 
by blocking the increase in JNK phosphorylation. Interestingly, 
administration of CBD had no effect on control cells injected 
with vehicle, suggesting a selective mechanism of regulation. 
Similarly, CBD did not alter the activation of cytochrome P450 
E21(CYP2E1), which is supposed to promote steatosis induction. 
This raises the hypothesis that CBD does not act through this 
pharmacological pathway.

In an animal model of chronic ethanol feeding and binge 
ethanol feeding (Wang et al., 2017), mice were fed with a control 
Lieber–DeCarli diet for 5 days to acclimate them to a liquid 
diet. Subsequently, a control group was fed with an isocaloric 
control diet while the other group was fed with a Lieber–
DeCarli diet containing 5% ethanol for 10 days, to mimic a 
chronic ethanol intoxication. On day 11, ethanol and pair-fed 
mice were respectively force fed with a single dose of ethanol 
(5 g/kg) or with isocaloric dextrin–maltose. During the 11 days 
of ethanol exposure, ethanol-fed mice were injected with CBD 
(5 or 10 mg/kg) dissolved in a vehicle solution (one drop of 
Tween 80 in 3 mL 2.5% dimethyl sulfide in saline) while control 
mice were injected with a vehicle solution. Both solutions 
were administered i.p. CBD reduced hepatic lipids and TG 
accumulation, neutrophil infiltration, and neutrophil-mediated 
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oxidative injury and inflammation, and attenuated the increase 
in serum ALT and serum aspartate aminotransferase (AST) 
levels in ethanol-fed mice. In this group, CBD modulated the 
ethanol-induced dysregulation of numerous genes and proteins 
involved in metabolism and liver steatosis, such as key genes of 
fatty acid biosynthetic and oxidation pathway, mitochondrial 
pathway, and transcription factor PPAR-α. Furthermore, in the 
ethanol-fed mice group, CBD attenuated hepatic neutrophils 
infiltration, oxidative and nitrative stress, decreased several 
markers of liver inflammation such as TNF-α, the expression of 
adhesion molecule E-selectin, proinflammatory chemokine and 
cytokines, and thus, attenuated liver injury induced by chronic 
plus binge ethanol exposure. None of these effects were found in 
the pair-fed mice.

Consequently, in both previous studies, CBD reduced ethanol-
induced TG accumulation in the liver. The metabolic regulation 
properties of CBD were also demonstrated in a hepatosteatosis 
model (Silvestri et al., 2015), both in vitro and in vivo. Human 
hepatocyte line 5 cells (HHL-5 cells) were exposed to oleic acid 
for various periods of time, and coincubated at different times 
with tetrahydrocannabivarin (THCV) or CBD. CBD and THCV 
directly reduced accumulated lipids and adipocytes levels in vitro. 
These results were subsequently demonstrated in vivo, as CBD 
(3 mg/kg) was administered for 4 weeks to mice, significantly 
reducing liver TG content. Neither CB1 nor TRPV1 knockdown 
inhibited CBD activity, suggesting a mechanism independent 
from these receptors.

In summary, CBD seems to have valuable therapeutic 
properties for ethanol-induced liver damage, through multiple 
mechanisms such as reduction of oxidative stress, modulation 
of inflammation, death of activated HSC responsible for fibrosis, 
stimulation of autophagy, and reduction of lipid accumulation 
responsible for steatosis. These first results accumulating in 
animal models call for further research in humans.

CANNABIDIOL FOR REDUCING 
ALCOHOL-RELATED BRAIN DAMAGE

Binge and chronic heavy alcohol use are responsible for neuronal 
damage in specific brain areas, such as the frontal lobe, part 
of the limbic system, and cerebellum (Bühler and Mann, 
2011). Moreover, alcohol induces multiple cognitive deficits, 
including memory and executive dysfunction (Stavro et al., 
2013). Neuroprotective, immunomodulatory, and antioxidant 
properties of CBD could thus prevent or alleviate some alcohol-
related brain damage.

CBD was demonstrated to act as a neuroprotective antioxidant 
in a binge-ethanol rats model (Hamelink, 2008), in which rats 
were fed with an alcohol-free diet for 3 days. On day 4, they were 
administered an ethanol diet (10 to 12% ethanol, 9–12 g/kg/day) 
every 8 h for 4 days. At the same time, rats received in a double-
blind manner either CBD (20 or 40 mg/kg) twice a day, or other 
tested neuroprotective substances such as antioxidants (butylated 
hydroxytoluene, α-tocopherol), N-Methyl-D-Aspartate (NMDA) 
receptor antagonists (dizocilpine, nimodipine, memantine), or 
diuretics (furosemide, bumetanide, L-644,711). Animals were 

then sacrificed and the number of degenerating brain cells 
was determined for each brain tissue section. At the end of the 
experiment, binge-ethanol rats had lost a significant number of 
neurons in the hippocampus and in the entorhinal cortex. CBD, 
at dose range 40 mg/kg coadministered with ethanol, significantly 
reduced ethanol-induced cell death for both hippocampal granular 
cells and entorhinal cortical pyramidal cells. Furthermore, CBD 
was demonstrated to have an antioxidant effect comparable to 
butylated hydroxytoluene and tocopherol, which significantly 
decreased ethanol-induced neuronal death in the experiment.

In another study, CBD was delivered transdermally to rats 
as a treatment for ethanol-induced neurodegeneration (Daniel 
Liput, 2008). Rats were either administered ethanol (25% w/v) 
or an isocaloric diet every 8 h for 4 days by intragastric gavage. 
Plasma levels of ethanol and CBD were measured on day 3. 
CBD plasma concentration was also measured in trunk blood 
collected after euthanasia. Fluoro-JadeB (FJB) was used to assess 
neurodegeneration on brains extracted after euthanasia.

In a first experiment, rats received CBD by daily gel application 
with different concentrations of CBD (1.0%, 2.5%, 5%) or vehicle, 
after the third dose of ethanol. Neurodegeneration was visible 
by FJB+ staining in the entorhinal cortex after 4 days of binge-
ethanol intoxication. The 5% CBD gel-treated group showed a 
48.8% reduction in the number of FJB+ cells, what trended to 
statistical significance. In a second experiment, the same model 
of ethanol intoxication was used. Each group received either 
ethanol only, vehicle i.p, CBD i.p., or CBD transdermal delivery. 
CBD administered i.p and transdermally significantly reduced 
FJB+ cells in the entorhinal cortex compared to the ethanol-only 
group. However, this effect did not reach statistical significance 
when compared with the vehicle group.

CBD was also studied in a model of chronic liver disease 
leading to hepatic encephalopathy (Magen et al., 2009). Bile 
duct ligation (BDL) was conducted on mice, to mimic biliary 
liver disease causing elevation of liver enzymes and liver fibrosis, 
responsible for cognitive and motor impairments. CBD (5 mg/
kg) was injected i.p. every day for 4 weeks, starting after surgery. 
An antagonist of A2a adenosine receptors (A2aR), ZM241385, 
was injected i.p. at a 1 mg/kg dose. A2aR is thought to modulate 
multiple inflammatory cells, and to be one of CBD’s target 
receptors. Cognitive and motor functions, assessed 3 weeks after 
the beginning of ethanol intoxication, were markedly impaired 
in BDL mice. CBD significantly improved these BDL-induced 
impairments by down-regulating TNF-α 1 receptor mRNA 
expression (up-regulated in BDL mice), and restoring BDNF 
mRNA expression (down-regulated in BDL mice). Interestingly, 
the effect of CBD on TNF-α receptor 1 mRNA expression was 
blocked by ZM241385, suggesting a CBD reduction of cerebral 
inflammation by regulation of the adenosine system, while it had 
no effect on BDNF mRNA expression.

Finally, in a hepatic encephalopathy model (Avraham et al., 
2011), a single dose of thiocetamide (TAA) was administered 
i.p. (200 mg/kg) to mice, to induce a fulminant hepatic failure 
(FHF), while vehicle was injected in the control group. A single 
dose of either CBD (5 mg/kg) or vehicle was injected 1 day after 
TAA. Neurological and motor functions were assessed on day 2 
and day 3, respectively. A first group of mice was sacrificed on 
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day 4, their brain and liver were removed for histopathological 
analyses, and plasma liver enzymes levels were measured. 
Cognitive functions were tested in a second group of mice 8 
days after liver failure induction, and brain 5-hydroxytryptamine 
(5-HT) levels were measured 12 days after the beginning of 
the experiment. In TAA-mice, CBD restored neurological and 
cognitive functions impaired by the FHF model, and partially 
restored motor functions. CBD restored ammonia, bilirubin and 
liver enzyme levels, increased by FHF, as well as 5-HT levels in 
the brain (increased by FHF).

In conclusion, CBD significantly reduces alcohol-induced 
neuronal loss after binge and chronic ethanol exposure in 
preclinical studies, possibly through immunomodulatory 
properties involving regulation of the cerebral adenosine system, 
and antioxidant properties. Effects of CBD on ethanol-induced 
clinical impairments were also associated with significant 
improvement in cognitive functions.

DISCUSSION

The aim of this review was to highlight, based on preclinical 
literature, the promising therapeutic applications of CBD in the 
reduction of drinking in AUD, and for improving or preventing 

alcohol-related damage on the liver and the brain. The main 
findings on these different topics are displayed in Figure 1. First, 
CBD was able to reduce motivation for alcohol, relapse, and 
the global level of alcohol intake in mice. Next, CBD reduced 
alcohol-induced liver damage, by reducing liver fibrosis via 
its immunomodulatory and antioxidant properties, as well as 
its action on activated HSC, stimulation of autophagy, and via 
regulation of lipid accumulation in the liver. Last, CBD acts as a 
multimodal neuroprotective agent that could decrease alcohol-
induced neuronal damage leading to cognitive and motor 
impairment in animals. This latter effect could be associated with 
CBD antioxidant properties and immunomodulatory action, 
possibly correlated with the cerebral adenosine system.

Although fewer studies are available to assess the effects of CBD 
on cannabinoid type 2 receptors (CB2), there could be another 
mechanism involved in its protective effects on the liver and the 
brain. CB2 receptors are cannabinoid receptors that are mainly 
expressed in the immune system (Lotersztajn et al., 2008). CBD 
seems to have complex interactions with CB2 receptors, acting as a 
negative allosteric modulator (Martínez-Pinilla et al., 2017).

In an experimental study with cultured hepatic myofibroblasts 
and activated HSC from human liver biopsy (Julien et al., 2005), 
CB2 receptors were not detected in normal human liver whereas 
they were highly up-regulated in cirrhotic liver. Activation of 

FIGURE 1 | Explored therapeutic prospects of cannabidiol in previous experimental research on alcohol use disorder (AUD).
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CB2 receptor led to antifibrogenic effects by growth inhibition 
that probably involved cyclooxygenase-2 (COX-2), and to the 
increase in apoptosis by regulating oxidative stress. In the same 
study, mice invalidated for CB2 receptor developed enhanced 
liver fibrosis.

Hepatoprotective properties of CB2 receptors were also 
shown in a mice model of carbon tetrachloride-induced 
acute hepatitis (Teixeira-Clerc et al., 2010). Activation of CB2 
receptors reduced liver injury and accelerated liver regeneration 
by immunomodulation involving TNF-α, IL-6, matrix metallo-
proteinase-2 (MMP-2), and reduction of oxidative stress.

In another animal model (Louvet et al., 2011) of alcohol-
fed mice, CB2 receptors regulated Kupffer cells polarization by 
provoking a switch from a classical proinflammatory program 
of activation (M1) to an alternative anti-inflammatory one 
(M2). This eventually protected the liver from the deleterious 
effects of alcohol. Moreover, in the same study, CB2 receptors 
were shown to reduce steatosis based on paracrine effects of 
Kupffer cells on hepatocytes.

Finally, as far as the brain is concerned, specific 
pharmacological activation of CB2 receptors in a forced alcohol 
consumption rat model rescued alcohol-induced impaired 
neural progenitor cells (NPC) proliferation, thus counteracting 
alcohol-induced neuronal damage (Rivera et al., 2015).

However, all these promising findings come from animal 
models only, and there are currently no results from clinical 
trials studying CBD in human AUD. It should be noted, however, 
that one double-blind randomized clinical trial is currently being 
conducted in the United States. In this ongoing study, CBD is 
administered versus placebo to patients with AUD, with the aim 
of reducing the overall level of alcohol drinking (NCT03252756).

Having a similar effect as drugs such as nalmefene (Mann 
et al., 2016), baclofen (Agabio et al., 2018), or topiramate 
(Palpacuer et al., 2018), CBD might thus be another good 
candidate molecule for reducing drinking in subjects with 
AUD. Furthermore, the antioxidant and immunomodulatory 
properties of CBD constitute additional and valuable features 
in the achievement of harm reduction in subjects with AUD, 
via a reduction or even a prevention of alcohol-related liver or 
brain damage. While specific pharmacological strategies of harm 
reduction have previously been developed in other substance use 
disorders, in particular in opioid use disorder, no other drug has 
been used in AUD for the specific purpose of reducing alcohol-
related damage, even without drinking reduction.

Moreover, CBD seems to have other interesting harm 
reduction properties, which have not been assessed in AUD 
models so far, and thus, could not be investigated in this 
review. CBD has well-known antiepileptic properties: in 2018, 
the Food Drug Administration (FDA) granted an approval to 
CBD (EPIDIOLEX®, GW Pharmaceuticals), for Dravet and 
Lennox–Gastaut syndromes. Given that patients with AUD are 
at increased risk to exhibit alcohol-induced or withdrawal-related 
seizures, CBD could prevent the occurrence or reduce the severity 
of seizures in this population. CBD also possesses anxiolytic and 
analgesic properties (Carrier et al., 2006; Rock et al., 2012; Mori 
et al., 2017). Since subjects with AUD display anxious symptoms 
or chronic pain more frequently than subjects without AUD 

(Schuckit and Hesselbrock, 1994; Witkiewitz and Vowles, 2018), 
CBD could reduce the overall level of anxiety and pain in subjects 
with AUD, which could improve overall outcomes such as stress 
and quality of life. Indeed, 5-HT receptors, which are known to 
regulate anxiety (Ishikawa and Shiga, 2017; Batista and Moreira, 
2019; Wang et al., 2019), are one of CBD’s targets (Russo et al., 
2005; Pazos et al., 2013), and were studied in AUD (Underwood 
et al., 2018). For example, ondansetron, a 5-HT3 receptor 
antagonist, showed some efficacy in both preclinical and clinical 
studies on AUD (Johnson et al., 2013; Moore et al., 2014; Soyka 
and Müller, 2017). More recently, a preclinical study in mice 
(Viudez-Martínez et al., 2018) showed that the 5-HT1a receptor 
antagonist WAY100635, blocked the positive effect of a CBD-
plus-naltrexone combination on motivation and ethanol intake.

Anxiolytic properties of CBD could also be explained by its 
potential ability to regulate endocannabinoid levels. FAAH is an 
enzyme responsible for the degradation of endocannabinoids 
such as anandamide and 2-arachidonoylglycerol (Watanabe 
et al., 1998; Bisogno et al., 2002; Leweke et al., 2012; Deutsch, 
2016), after they have bound to fatty acid binding protein 
(FABP). CBD inhibits FAAH and thus, prevents anandamide 
from being degraded (de Filippis et al., 2008; De Petrocellis 
et al., 2011; Leweke et al., 2012; Stern et al., 2017). Facilitation of 
endocannabinoid signaling by repeated administration of CBD 
led to a decrease of chronic stress in mice (Campos et al., 2013). 
In a human study with a simulated public speaking test in patients 
suffering from social phobia, CBD was found to significantly 
reduce anxiety (Bergamaschi et al., 2011). Contrasting with 
these results, a preclinical study in rats showed an impaired 
FAAH function in the alcohol-preferring phenotype compared 
to the nonpreferring phenotype, causing an overreactive 
endocannabinoid transmission and a compensatory down-
regulation of CB1 signaling (Hansson et al., 2007). However, 
extrapolating all these results in humans seems quite premature: 
for example, an experimental study on human cells found that 
CBD had no action on FAAH but rather targeted several types of 
FABPs (Elmes et al., 2015).

Finally, in addition to hepatic and brain damage, alcohol 
induces many other noxious effects on the body, for example by 
inducing alcohol-related myocarditis, or various types of cancers. 
Because of its immunomodulatory properties, protective effects 
of CBD against these other harms should be further investigated 
in both animals and humans. Overall, CBD safety aspects appear 
to be good, which is another important criterion for extending 
human research to patients with AUD. So far, no severe clinical 
states resulting from CBD intoxication have been reported, 
neither in animal nor in human use. Similarly, to our knowledge, 
no pharmacological tolerance, withdrawal syndrome, abuse, 
or addictive behaviors, have been reported hitherto. This is an 
important factor to consider before using CBD in AUD or other 
addictive disorders.

Despite the multiple prospects of CBD in AUD that have been 
emphasized in this review, many issues and unsolved questions 
remain. The current literature only pertains to animal models, and 
the translational aspects of the findings listed in this review are yet 
to be established. Moreover, CBD effective dose range observed in 
animals is unlikely to be similar in humans. This point is important 
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because the dose–effect relationship of CBD depends on the type 
of effect and is not always linear. For example, some effects of 
CBD seem to have an inverted U-shaped dose–response curve. 
Regarding anxiety, while a dose superior to 20 mg/kg appears to 
be ineffective in animals (Guimarhes et al., 1990), a human study 
with a Simulating Public Speaking Test confirmed this U-shaped 
dose–response, with an efficacy observed with 300 mg of CBD, but 
not with 150 mg or 900 mg (Linares et al., 2016). However, other 
animal studies found an anxiolytic effect with repetitive doses of 
30 mg/kg, which may activate different pathways (Campos et al., 
2013; Fogaça et al., 2018). In animal models of depression, a 
dose of 30 mg/kg of CBD was found to be as effective as tricyclic 
antidepressants whereas a 100 mg/kg one was ineffective (Zanelati 
et al., 2010). With higher doses, activation of TRPV1 reduced the 
anxiolytic/antidepressant effect (Campos and Guimarães, 2009). 
Higher doses of CBD (800 mg/kg, 1,000 mg/day) seem to be 
needed to obtain antipsychotic effect with reduction of positive 
psychotic score in clinical studies (Leweke et al., 2012; McGuire 
et al., 2018). Consistent with its large therapeutic target spectrum, 
sometimes with opposite effects, the therapeutic dose range of 
CBD should be defined specifically for the various symptoms 
that clinicians want to alleviate, in connection with hypothetical 
receptors or secondary pathways.

In conclusion, experimental data underline that CBD offers 
multiple therapeutic prospects in patients with AUD. CBD seems 
to facilitate drinking reduction, making CBD an interesting 

pharmacological option in AUD treatment. Moreover, CBD 
might provide idiosyncratic protection to the liver and the 
brain, which could reduce the development and impact of both 
ARLD and ARBI. In this perspective, CBD treatment could 
be proposed to subjects who are unable to reduce or to stop 
alcohol consumption, in order to prevent or reduce the effects of 
alcohol on the brain and the liver, thus opening new and original 
therapeutic options for harm reduction in AUD. CBD could 
have many more positive effects in subjects with AUD, including 
antiepileptic, cardioprotective, anxiolytic, or analgesic ones. 
Human studies are thus crucially needed to explore the many 
prospects of CBD in AUD and related conditions.

AUTHOR CONTRIBUTIONS

BR conceived the presented idea and supervised the project. 
MNa, MNo, BR, and JD wrote the manuscript. All authors 
provided critical feedback and helped shape the manuscript. All 
authors approved the final version for submission.

FUNDING

Funds for open access publication fees were provided by CH le 
Vinatier.

REFERENCES

Agabio, R., Sinclair, J. M., Addolorato, G., Aubin, H.-J., Beraha, E. M., Caputo, 
F., et al. (2018). Baclofen for the treatment of alcohol use disorder: the 
Cagliari Statement. Lancet Psychiatry 5 (12), 957–960. doi: 10.1016/
S2215-0366(18)30303-1

Avraham, Y., Grigoriadis, N., Poutahidis, T., Vorobiev, L., Magen, I., Ilan, Y., et al. 
(2011). Cannabidiol improves brain and liver function in a fulminant hepatic 
failure-induced model of hepatic encephalopathy in mice. Br. J. Pharmacol. 162 
(7), 1650–1658. doi: 10.1111/j.1476-5381.2010.01179.x

Bühler, M., and Mann, K. (2011). Alcohol and the human brain: a systematic 
review of different neuroimaging methods. Alcohol Clin. Exp. Res. 35 (10), 
1771–1793. doi: 10.1111/j.1530-0277.2011.01540.x

Batista, L. A., and Moreira, F. A. (2019). Cannabinoid CB1 receptors mediate the 
anxiolytic effects induced by systemic alprazolam and intra-periaqueductal 
gray 5-HT1A receptor activation. Neurosci Lett. 703, 5–10. doi: 10.1016/j.
neulet.2019.03.010

Bergamaschi, M. M., Queiroz, R. H. C., Chagas, M. H. N., de Oliveira, D. C. G., 
De Martinis, B. S., Kapczinski, F., et al. (2011). Cannabidiol reduces the anxiety 
induced by simulated public speaking in treatment-naïve social phobia patients. 
Neuropsychopharmacology 36 (6), 1219–1226. doi: 10.1038/npp.2011.6

Bisogno, T., De Petrocellis, L., and Di Marzo, V. (2002). Fatty acid amide hydrolase, 
an enzyme with many bioactive substrates. Possible therapeutic implications. 
Curr Pharm. Des. 8 (7), 533–547. doi: 10.2174/1381612023395655

Booz, G. W. (2011). Cannabidiol as an emergent therapeutic strategy for lessening 
the impact of inflammation on oxidative stress. Free Radic. Biol. Med. 51 (5), 
1054–1061. doi: 10.1016/j.freeradbiomed.2011.01.007

Campos, A. C., and Guimarães, F. S. (2009). Evidence for a potential role for 
TRPV1 receptors in the dorsolateral periaqueductal gray in the attenuation of 
the anxiolytic effects of cannabinoids. Prog. Neuro-Psychopharmacology Biol. 
Psychiatry. 33 (8), 1517–1521. doi: 10.1016/j.pnpbp.2009.08.017

Campos, A. C., Ortega, Z., Palazuelos, J., Fogaça, M. V., Aguiar, D. C., Díaz-
Alonso, J., et al. (2013). The anxiolytic effect of cannabidiol on chronically 
stressed mice depends on hippocampal neurogenesis: involvement of the 

endocannabinoid system. Int. J. Neuropsychopharmacol. 16 (6), 1407–1419. doi: 
10.1017/S1461145712001502

Campos, A. C., Fogaça, M. V., Sonego, A. B., and Guimarães, F. S. (2016). 
Cannabidiol, neuroprotection and neuropsychiatric disorders. Pharmacol Res. 
112, 119–127. doi: 10.1016/j.phrs.2016.01.033

Carrier, E. J., Auchampach, J. A., and Hillard, C. J. (2006). Inhibition of an 
equilibrative nucleoside transporter by cannabidiol: a mechanism of 
cannabinoid immunosuppression. Proc. Natl. Acad. Sci. U S A. 103 (20), 7895–
7900. doi: 10.1073/pnas.0511232103

Castillo, A., Tolón, M. R., Fernández-Ruiz, J., Romero, J., and Martinez-
Orgado, J. (2010). The neuroprotective effect of cannabidiol in an in vitro 
model of newborn hypoxic-ischemic brain damage in mice is mediated by 
CB2and adenosine receptors. Neurobiol. Dis. 37 (2), 434–440. doi: 10.1016/j.
nbd.2009.10.023

Chen, K. A., Farrar, M. A., Cardamone, M., and Lawson, J. A. (2018). Cannabis for 
paediatric epilepsy: challenges and conundrums. Med. J. Aust. 208 (3), 132–
136. doi: 10.5694/mja17.00699

Da Silva, V. K., De Freitas, B. S., Da Silva Dornelles, A., Nery, L. R., Falavigna, 
L., Ferreira, R. D. P., et al. (2014). Cannabidiol normalizes caspase 3, 
synaptophysin, and mitochondrial fission protein DNM1L expression levels in 
rats with brain iron overload: implications for neuroprotection. Mol. Neurobiol. 
49 (1), 222–233. doi: 10.1007/s12035-013-8514-7

Daniel Liput. (2008). Transdermal delivery of cannabidiol attenuates binge 
alcohol-induced neurodenegeneration in a rodent model of an alcohol use 
disorder. Acc. Chem. Res. 45 (6), 788–802. 

de Filippis, D., Iuvone, T., D’amico, A., Esposito, G., Steardo, L., Herman, A. G., 
et al. (2008). Effect of cannabidiol on sepsis-induced motility disturbances 
in mice: involvement of CB receptors and fatty acid amide hydrolase. 
Neurogastroenterol. Motil. 20 (8), 919–927. doi: 10.1111/ j.1365-2982. 
2008.01114.x

De Petrocellis, L., Ligresti, A., Moriello, A. S., Allarà, M., Bisogno, T., Petrosino, 
S., et al. (2011). Effects of cannabinoids and cannabinoid-enriched Cannabis 
extracts on TRP channels and endocannabinoid metabolic enzymes. Br. J. 
Pharmacol. 163 (7), 1479–1494. doi: 10.1111/j.1476-5381.2010.01166.x

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1016/S2215-0366(18)30303-1
https://doi.org/10.1016/S2215-0366(18)30303-1
https://doi.org/10.1111/j.1476-5381.2010.01179.x
https://doi.org/10.1111/j.1530-0277.2011.01540.x
https://doi.org/10.1016/j.neulet.2019.03.010
https://doi.org/10.1016/j.neulet.2019.03.010
https://doi.org/10.1038/npp.2011.6
https://doi.org/10.2174/1381612023395655
https://doi.org/10.1016/j.freeradbiomed.2011.01.007
https://doi.org/10.1016/j.pnpbp.2009.08.017
https://doi.org/10.1017/S1461145712001502
https://doi.org/10.1016/j.phrs.2016.01.033
https://doi.org/10.1073/pnas.0511232103
https://doi.org/10.1016/j.nbd.2009.10.023
https://doi.org/10.1016/j.nbd.2009.10.023
https://doi.org/10.5694/mja17.00699
https://doi.org/10.1007/s12035-013-8514-7
https://doi.org/10.1111/j.1365-2982.2008.01114.x
https://doi.org/10.1111/j.1365-2982.2008.01114.x
https://doi.org/10.1111/j.1476-5381.2010.01166.x


Cannabidiol in Alcohol Use DisorderDe Ternay et al.

9 May 2019 | Volume 10 | Article 627Frontiers in Pharmacology | www.frontiersin.org

Deutsch, D. G. (2016). A personal retrospective: elevating anandamide (AEA) by 
targeting fatty acid amide hydrolase (FAAH) and the fatty acid binding proteins 
(FABPs). Front. Pharmacol. 7, 370. doi: 10.3389/fphar.2016.00370

Devinsky, O., Cilio, M. R., Cross, H., Fernandez-Ruiz, J., French, J., Hill, C., et al. 
(2014). Cannabidiol: pharmacology and potential therapeutic role in epilepsy and 
other neuropsychiatric disorders. Epilepsia 55 (6), 791–802. doi: 10.1111/epi.12631

Durazzo, T. C., Mon, A., Gazdzinski, S., Yeh, P.-H., and Meyerhoff, D. J. (2015). 
Serial longitudinal magnetic resonance imaging data indicate non-linear 
regional gray matter volume recovery in abstinent alcohol-dependent 
individuals. Addict. Biol. 20 (5), 956–967. doi: 10.1111/adb.12180

Elmes, M. W., Kaczocha, M., Berger, W. T., Leung, K., Ralph, B. P., Wang, L., 
et al. (2015). Fatty acid-binding proteins (FABPs) are intracellular carriers for 
D9-tetrahydrocannabinol (THC) and cannabidiol (CBD). J. Biol. Chem. 290 
(14), 8711–8721. doi: 10.1074/jbc.M114.618447

European Association for the Study of the Liver A, Lackner, C., Mathurin, P., 
Moreno, C., Spahr, L., Sterneck, M., et al. (2018). EASL clinical practice 
guidelines: management of alcohol-related liver disease. J. Hepatol. 69 (1), 
154–181. doi: 10.1016/j.jhep.2018.03.018

Fernández-Ruiz, J., Sagredo, O., Pazos, M. R., García, C., Pertwee, R., Mechoulam, 
R., et al. (2013). Cannabidiol for neurodegenerative disorders: important new 
clinical applications for this phytocannabinoid? Br. J. Clin. Pharmacol. 75 (2), 
323–333. doi: 10.1111/j.1365-2125.2012.04341.x

Filev, R., Engelke, D. S., Da Silveira, D. X., Mello, L. E., and Santos-Junior, J. G. 
(2017). THC inhibits the expression of ethanol-induced locomotor sensitization 
in mice. Alcohol. 65, 31–35. doi: 10.1016/j.alcohol.2017.06.004

Fogaça, M. V., Campos, A. C., Coelho, L. D., Duman, R. S., and Guimarães, 
F. S. (2018). The anxiolytic effects of cannabidiol in chronically stressed 
mice are mediated by the endocannabinoid system: role of neurogenesis 
and dendritic remodeling. Neuropharmacology 135, 22–33. doi: 10.1016/j.
neuropharm.2018.03.001

Food and Drugs Administration. (2018). Center for Drug Evaluation and 
Research. Epidiolex®: Approval Letter (2018/06/25). https://www.fda.gov/
news-events/pressannouncements/fda-approves-first-drugcomprised-active-
ingredient-derivedmarijuana-treat-rare-severe-forms

Gonzalez-Cuevas, G., Martin-Fardon, R., Kerr, T. M., Stouffer, D. G., Parsons, L. 
H., Hammell, D. C., et al. (2018). Unique treatment potential of cannabidiol 
for the prevention of relapse to drug use: preclinical proof of principle. 
Neuropsychopharmacology 43 (10), 2036–2045. doi: 10.1038/s41386-018-0050-8

Gruden, G., Barutta, F., Kunos, G., and Pacher, P. (2016). Role of the 
endocannabinoid system in diabetes and diabetic complications. Br. J. 
Pharmacol. 173 (7), 1116–1127. doi: 10.1111/bph.13226

Guimarhes, F. S., Chiaretti, T. M., Graeff, F. G., and Zuardi, A. W. (1990). 
Psychopharmacology antianxiety effect of cannabidiol in the elevated plus-
maze. Psychopharmacology (Berl). 100 (l), 558–559. doi: 10.1007/BF02244012

Hamelink, C. (2008). Comparison of cannabidiol, antioxidant, and diuretics in 
reversing binge ethanol-induced neurotoxicity. Acc. Chem. Res 45 (6), 788–802. 

Hansson, A. C., Bermúdez-Silva, F. J., Malinen, H., Hyytiä, P., Sanchez-
Vera, I., Rimondini, R., et al. (2007). Genetic impairment of 
frontocortical endocannabinoid degradation and high alcohol preference. 
Neuropsychopharmacology 32 (1), 117–126. doi: 10.1038/sj.npp.1301034

Iseger, T. A., and Bossong, M. G. (2015). A systematic review of the antipsychotic 
properties of cannabidiol in humans. Schizophr. Res. 162 (1–3), 153–161. doi: 
10.1016/j.schres.2015.01.033

Ishikawa, C., and Shiga, T. (2017). The postnatal 5-HT 1A receptor regulates 
adult anxiety and depression differently via multiple molecules. Prog. Neuro-
Psychopharmacology Biol. Psychiatry 78, 66–74. doi: 10.1016/j.pnpbp.2017.04.014

Iuvone, T., Esposito, G., Esposito, R., Santamaria, R., Di Rosa, M., and Izzo, 
A. A. (2004). Neuroprotective effect of cannabidiol, a non-psychoactive 
component from Cannabis sativa, on β-amyloid-induced toxicity in PC12 cells. 
J. Neurochem. 89 (1), 134–141. doi: 10.1111/j.1471-4159.2003.02327.x

Jamontt, J., Molleman, A., Pertwee, R., and Parsons, M. (2010). The effects of D 9 
-tetrahydrocannabinol and cannabidiol alone and in combination on damage, 
inflammation and in vitro motility disturbances in rat colitis. Br. J. Pharmacol. 
160 (3), 712–723. doi: 10.1111/j.1476-5381.2010.00791.x

Jeanblanc, J., Sauton, P., Jeanblanc, V., Legastelois, R., Echeverry-Alzate, V., 
Lebourgeois, S., et al. (2018). Face validity of a pre-clinical model of operant 
binge drinking: just a question of speed. Addict. Biol. doi: 10.1111/adb.12631. 
[Epub ahead of print].

Jeanblanc, J., Rolland, B., Gierski, F., Martinetti, M. P., and Naassila, M. (2019). 
Animal models of binge drinking: behavior and clinical relevance. Neurosci. 
Alcohol 57–66. doi: 10.1016/B978-0-12-813125-1.00007-6

Johnson, B. A., Seneviratne, C., Wang, X.-Q., Ait-Daoud, N., and Li, M. 
D. (2013). Determination of genotype combinations that can predict 
the outcome of the treatment of alcohol dependence using the 5-HT 3 
antagonist ondansetron. Am. J. Psychiatry 170 (9), 1020–1031. doi: 10.1176/
appi.ajp.2013.12091163

Juknat, A., Pietr, M., Kozela, E., Rimmerman, N., Levy, R., Coppola, G., et al. (2012). 
Differential transcriptional profiles mediated by exposure to the cannabinoids 
cannabidiol and D 9-tetrahydrocannabinol in BV-2 microglial cells. Br. J. 
Pharmacol. 165 (8), 2512–2528. doi: 10.1111/j.1476-5381.2011.01461.x

Julien, B., Grenard, P., Teixeira-Clerc, F., Van Nhieu, J. T., Li, L., Karsak, M., 
et al. (2005). Antifibrogenic role of the cannabinoid receptor CB2 in the liver. 
Gastroenterology 128 (3), 742–755. doi: 10.1053/j.gastro.2004.12.050

Karl, T., Garner, B., and Cheng, D. (2017). The therapeutic potential of the 
phytocannabinoid cannabidiol for Alzheimer’s disease. Behav. Pharmacol. 28 
(2 and 3-Spec Issue), 142–160. doi: 10.1097/FBP.0000000000000247

Keating, G. M. (2017). Delta-9-tetrahydrocannabinol/cannabidiol oromucosal 
spray (Sativex®): a review in multiple sclerosis-related spasticity. Drugs 77 (5), 
563–574. doi: 10.1007/s40265-017-0720-6

Khaksar, S., and Bigdeli, M. R. (2017). Intra-cerebral cannabidiol infusion-induced 
neuroprotection is partly associated with the TNF-α/TNFR1/NF-кB pathway 
in transient focal cerebral ischaemia. Brain Inj. 31 (13–14), 1932–1943. doi: 
10.1080/02699052.2017.1358397

Kozela, E., Juknat, A., and Vogel, Z. (2017). Modulation of astrocyte activity 
by cannabidiol, a nonpsychoactive cannabinoid. Int. J. Mol Sci. 18 (8). doi: 
10.3390/ijms18081669

Laprairie, R. B., Bagher, A. M., Kelly, M. E. M., and Denovan-Wright, E. M. 
(2015). Cannabidiol is a negative allosteric modulator of the cannabinoid CB 1 
receptor. Br. J. Pharmacol. 172 (20), 4790–805. doi: 10.1111/bph.13250

Lee, W.-S., and Erdelyi, K. (2016). Cannabidiol limits T cell-mediated chronic 
autoimmune myocarditis: implications to autoimmune disorders and organ 
transplantation. Mol. Med. 22 (1), 1. doi: 10.2119/molmed.2016.00007

Lee, J. L. C., Bertoglio, L. J., Guimarães, F. S., and Stevenson, C. W. (2017). 
Cannabidiol regulation of emotion and emotional memory processing: 
relevance for treating anxiety-related and substance abuse disorders. Br. J. 
Pharmacol. 174 (19), 3242–3256. doi: 10.1111/bph.13724

Leweke, F. M., Piomelli, D., Pahlisch, F., Muhl, D., Gerth, C. W., Hoyer, C., et al. 
(2012). Cannabidiol enhances anandamide signaling and alleviates psychotic 
symptoms of schizophrenia. Transl. Psychiatry 2 (3), e94. doi: 10.1038/tp.2012.15

Lim, M. P., Devi, L. A., and Rozenfeld, R. (2011). Cannabidiol causes activated 
hepatic stellate cell death through a mechanism of endoplasmic reticulum 
stress-induced apoptosis. Cell Death Dis. 2 (6), 1–11. doi: 10.1038/cddis. 
2011.52

Linares, I., Zuardi, A. W., Pereira, L. C. G., Queiroz, R. H. C., Mechoulam, R., 
Guimarães, F. S. et al., (2016). Cannabidiol presents an inverted U-shaped 
dose-response curve in the simulated public speaking test. Braz. J. Psychiatry 
41 (1), 9–14. doi: 10.1590/1516-4446-2017-0015

Lotersztajn, S., Teixeira-Clerc, F., Julien, B., Deveaux, V., Ichigotani, Y., Manin, S., 
et al. (2008). CB2 receptors as new therapeutic targets for liver diseases. Br. J. 
Pharmacol. 153 (2), 286–289. doi: 10.1038/sj.bjp.0707511

Louvet, A., Teixeira-Clerc, F., Chobert, M.-N., Deveaux, V., Pavoine, C., Zimmer, 
A., et al. (2011). Cannabinoid CB2 receptors protect against alcoholic liver 
disease by regulating Kupffer cell polarization in mice. Hepatology 54 (4), 
1217–1226. doi: 10.1002/hep.24524

Magen, I., Avraham, Y., Ackerman, Z., Vorobiev, L., Mechoulam, R., and Berry, 
E. M. (2009). Cannabidiol ameliorates cognitive and motor impairments 
in mice with bile duct ligation. J. Hepatol. 51 (3), 528–534. doi: 10.1016/j.
jhep.2009.04.021

Mandrekar, P., and Ambade, A. (2014). Immunity and inflammatory signaling 
in alcoholic liver disease. Hepatol Int. 8 (S2), 439–446. doi: 10.1007/
s12072-014-9518-8

Mann, K., Torup, L., Sørensen, P., Gual, A., Swift, R., Walker, B., et al. (2016). 
Nalmefene for the management of alcohol dependence: review on its 
pharmacology, mechanism of action and meta-analysis on its clinical 
efficacy. Eur. Neuropsychopharmacol. 26 (12), 1941–1949. doi: 10.1016/j.
euroneuro.2016.10.008

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.3389/fphar.2016.00370
https://doi.org/10.1111/epi.12631
https://doi.org/10.1111/adb.12180
https://doi.org/10.1074/jbc.M114.618447
https://doi.org/10.1016/j.jhep.2018.03.018
https://doi.org/10.1111/j.1365-2125.2012.04341.x
https://doi.org/10.1016/j.alcohol.2017.06.004
https://doi.org/10.1016/j.neuropharm.2018.03.001
https://doi.org/10.1016/j.neuropharm.2018.03.001
https://www.fda.gov/news-events/pressannouncements/fda-approves-first-drugcomprised-active-ingredient-derivedmarijuana-treat-rare-severe-forms
https://www.fda.gov/news-events/pressannouncements/fda-approves-first-drugcomprised-active-ingredient-derivedmarijuana-treat-rare-severe-forms
https://www.fda.gov/news-events/pressannouncements/fda-approves-first-drugcomprised-active-ingredient-derivedmarijuana-treat-rare-severe-forms
https://doi.org/10.1038/s41386-018-0050-8
https://doi.org/10.1111/bph.13226
https://doi.org/10.1007/BF02244012
https://doi.org/10.1038/sj.npp.1301034
https://doi.org/10.1016/j.schres.2015.01.033
https://doi.org/10.1016/j.pnpbp.2017.04.014
https://doi.org/10.1111/j.1471-4159.2003.02327.x
https://doi.org/10.1111/j.1476-5381.2010.00791.x
https://doi.org/10.1111/adb.12631
http://doi.org/10.1016/B978-0-12-813125-1.00007-6
https://doi.org/10.1176/appi.ajp.2013.12091163
https://doi.org/10.1176/appi.ajp.2013.12091163
https://doi.org/10.1111/j.1476-5381.2011.01461.x
https://doi.org/10.1053/j.gastro.2004.12.050
https://doi.org/10.1097/FBP.0000000000000247
https://doi.org/10.1007/s40265-017-0720-6
https://doi.org/10.1080/02699052.2017.1358397
https://doi.org/10.3390/ijms18081669
https://doi.org/10.1111/bph.13250
https://doi.org/10.2119/molmed.2016.00007
https://doi.org/10.1111/bph.13724
https://doi.org/10.1038/tp.2012.15
https://doi.org/10.1038/cddis.2011.52
https://doi.org/10.1038/cddis.2011.52
http://doi.org/10.1590/1516-4446-2017-0015
https://doi.org/10.1038/sj.bjp.0707511
https://doi.org/10.1002/hep.24524
https://doi.org/10.1016/j.jhep.2009.04.021
https://doi.org/10.1016/j.jhep.2009.04.021
https://doi.org/10.1007/s12072-014-9518-8
https://doi.org/10.1007/s12072-014-9518-8
https://doi.org/10.1016/j.euroneuro.2016.10.008
https://doi.org/10.1016/j.euroneuro.2016.10.008


Cannabidiol in Alcohol Use DisorderDe Ternay et al.

10 May 2019 | Volume 10 | Article 627Frontiers in Pharmacology | www.frontiersin.org

Martínez-Pinilla, E., Varani, K., Reyes-Resina, I., Angelats, E., Vincenzi, F., 
Ferreiro-Vera, C., et al. (2017). Binding and signaling studies disclose a 
potential allosteric site for cannabidiol in cannabinoid CB2 receptors. Front. 
Pharmacol. 8, 744. doi: 10.3389/fphar.2017.00744

Massi, P., Valenti, M., Vaccani, A., Gasperi, V., Perletti, G., Marras, E., et al. (2008). 
5-Lipoxygenase and anandamide hydrolase (FAAH) mediate the antitumor 
activity of cannabidiol, a non-psychoactive cannabinoid. J. Neurochem. 104 (4), 
1091–1100. doi: 10.1111/j.1471-4159.2007.05073.x

Massi, P., Solinas, M., Cinquina, V., and Parolaro, D. (2013). Cannabidiol as 
potential anticancer drug. Br. J. Clin. Pharmacol. 75 (2), 303–312. doi: 
10.1111/j.1365-2125.2012.04298.x

McGuire, P., Robson, P., Cubala, W. J., Vasile, D., Morrison, P. D., Barron, R., 
et  al. (2018). Cannabidiol (CBD) as an adjunctive therapy in schizophrenia: 
a multicenter randomized controlled trial. Am. J. Psychiatry 175 (3), 225–231. 
doi: 10.1176/appi.ajp.2017.17030325

Meinhardt, M. W., and Sommer, W. H. (2015). Postdependent state in rats as a 
model for medication development in alcoholism. Addict. Biol. 20 (1), 1–21. 
doi: 10.1111/adb.12187

Moore, C. F., Lycas, M. D., Bond, C. W., Johnson, B. A., and Lynch, W. J. (2014). 
Acute and chronic administration of a low-dose combination of topiramate and 
ondansetron reduces ethanol’s reinforcing effects in male alcohol preferring (P) 
rats. Exp. Clin. Psychopharmacol. 22 (1), 35–42. doi: 10.1037/a0035215

Mori, M. A., Meyer, E., Soares, L. M., Milani, H., Guimarães, F. S., and de 
Oliveira, R. M. W. (2017). Cannabidiol reduces neuroinflammation and 
promotes neuroplasticity and functional recovery after brain ischemia. 
Prog. Neuro-Psychopharmacology Biol. Psychiatry 75, 94–105. doi: 10.1016/j.
pnpbp.2016.11.005

Musella, A., Fresegna, D., Rizzo, F. R., Gentile, A., Bullitta, S., De Vito, F., et al. 
(2017). A novel crosstalk within the endocannabinoid system controls 
GABA transmission in the striatum. Sci. Rep. 7 (1), 7363. doi: 10.1038/
s41598-017-07519-8

Neupane, S. P. (2016). Neuroimmune interface in the comorbidity between alcohol 
use disorder and major depression. Front. Immunol. Dec 7, 655. doi: 10.3389/
fimmu.2016.00655

O’Shea, R. S., Dasarathy, S., and McCullough, A. J. (2010). Practice Guideline 
Committee of the American Association for the Study of Liver Diseases, 
Practice Parameters Committee of the American College of Gastroenterology. 
Alcoholic liver disease. Hepatology 51 (1), 307–328. doi: 10.1002/hep.23258

O’Sullivan, S. E., and Kendall, D. A. (2010). Cannabinoid activation of peroxisome 
proliferator-activated receptors: potential for modulation of inflammatory 
disease. Immunobiology 215 (8), 611–616. doi: 10.1016/j.imbio.2009.09.007

Palpacuer, C., Duprez, R., Huneau, A., Locher, C., Boussageon, R., Laviolle, B., 
et al. (2018). Pharmacologically controlled drinking in the treatment of alcohol 
dependence or alcohol use disorders: a systematic review with direct and 
network meta-analyses on nalmefene, naltrexone, acamprosate, baclofen and 
topiramate. Addiction 113 (2), 220–237. doi: 10.1111/add.13974

Pazos, M. R., Mohammed, N., Lafuente, H., Santos, M., Martínez-Pinilla, E., 
Moreno, E., et al. (2013). Mechanisms of cannabidiol neuroprotection 
in hypoxic-ischemic newborn pigs: role of 5HT(1A) and CB2 receptors. 
Neuropharmacology 71, 282–291. doi: 10.1016/j.neuropharm.2013.03.027

Pertwee, R. G. (2008). The diverse CB 1 and CB 2 receptor pharmacology of 
three plant cannabinoids: D 9-tetrahydrocannabinol, cannabidiol and D 
9-tetrahydrocannabivarin. Br. J. Pharmacol. 153 (2), 199–215. doi: 10.1038/
sj.bjp.0707442

Rajesh, M., Mukhopadhyay, P., Btkai, S., Patel, V., Saito, K., Matsumoto, S., 
et  al. (2010). Cannabidiol attenuates cardiac dysfunction, oxidative stress, 
fibrosis, and inflammatory and cell death signaling pathways in diabetic 
cardiomyopathy. J. Am. Coll. Cardiol. 56 (25), 2115–2125. doi: 10.1016/j.
jacc.2010.07.033

Rehm, J., Samokhvalov, A. V., andShield, K. D. (2013). Global burden of alcoholic 
liver diseases. J. Hepatol. 59 (1), 160–168. doi: 10.1016/j.jhep.2013.03.007

Rivera, P., Blanco, E., Bindila, L., Alen, F., Vargas, A., Rubio, L., et al. (2015). 
Pharmacological activation of CB2 receptors counteracts the deleterious effect 
of ethanol on cell proliferation in the main neurogenic zones of the adult rat 
brain. Front. Cell Neurosci. 9, 379. doi: 10.3389/fncel.2015.00379

Rock, E. M., Bolognini, D., Limebeer, C. L., Cascio, M. G., Anavi-Goffer, S., 
Fletcher, P. J., et al. (2012). Cannabidiol, a non-psychotropic component of 
Cannabis, attenuates vomiting and nausea-like behaviour via indirect agonism 

of 5-HT(1A) somatodendritic autoreceptors in the dorsal raphe nucleus. Br. J. 
Pharmacol. 165 (8), 2620–2634. doi: 10.1111/j.1476-5381.2011.01621.x

Rolland, B., Paille, F., Gillet, C., Rigaud, A., Moirand, R., Dano, C., et al. (2016). 
Pharmacotherapy for alcohol dependence: the 2015 Recommendations of the 
French Alcohol Society, Issued in Partnership with the European Federation of 
Addiction Societies. CNS Neurosci. Ther. 22 (1), 25–37. doi: 10.1111/cns.12489

Ross, H. R., Napier, I., and Connor, M. (2008). Inhibition of recombinant human 
T-type calcium channels by delta9-tetrahydrocannabinol and cannabidiol. 
J. Biol. Chem. 283 (23), 16124–16134. doi: 10.1074/jbc.M707104200

Russo, E. B., Burnett, A., Hall, B., and Parker, K. K. (2005). Agonistic properties 
of cannabidiol at 5-HT1a receptors. Neurochem. Res. 30 (8), 1037–1043. doi: 
10.1007/s11064-005-6978-1

Ryan, D., Drysdale, A. J., Lafourcade, C., Pertwee, R. G., and Platt, B. (2009). 
Cannabidiol targets mitochondria to regulate intracellular Ca2+ levels. 
J. Neurosci. 29 (7), 2053–2063. doi: 10.1523/JNEUROSCI.4212-08.2009

Ryberg, E., Larsson, N., Sjögren, S., Hjorth, S., Hermansson, N.-O., Leonova, J., et 
al. (2009). The orphan receptor GPR55 is a novel cannabinoid receptor. Br. J. 
Pharmacol. 152 (7), 1092–1101. doi: 10.1038/sj.bjp.0707460

Santos, N. A. G., Martins, N. M., Sisti, F. M., Fernandes, L. S., Ferreira, R. S., 
Queiroz, R. H. C., et al. (2015). The neuroprotection of cannabidiol against 
MPP+-induced toxicity in PC12 cells involves trkA receptors, upregulation 
of axonal and synaptic proteins, neuritogenesis, and might be relevant to 
Parkinson’s disease. Toxicol. Vitr. 30 (1), 231–240. doi: 10.1016/j.tiv.2015.11.004

Schuckit, M. A., and Hesselbrock, V. (1994). Alcohol dependence and anxiety 
disorders: what is the relationship? Am. J. Psychiatry 151 (12), 1723–1734. doi: 
10.1176/ajp.151.12.1723

Schulte, M. H. J., Cousijn, J., den Uyl, T. E., Goudriaan, A. E., van den Brink, W., 
Veltman, D. J., et al. (2014). Recovery of neurocognitive functions following 
sustained abstinence after substance dependence and implications for 
treatment. Clin. Psychol. Rev. 34 (7), 531–550. doi: 10.1016/j.cpr.2014.08.002

Silvestri, C., Paris, D., Martella, A., Melck, D., Guadagnino, I., Cawthorne, M., 
et al. (2015). Two non-psychoactive cannabinoids reduce intracellular lipid 
levels and inhibit hepatosteatosis. J. Hepatol. 62 (6), 1382–1390. doi: 10.1016/j.
jhep.2015.01.001

Soyka, M., and Müller, C. A. (2017). Pharmacotherapy of alcoholism—an update 
on approved and off-label medications. Expert Opin Pharmacother. 18 (12), 
1187–1199. doi: 10.1080/14656566.2017.1349098

Stanley, C. P., Hind, W. H., and O’Sullivan, S. E. (2013). Is the cardiovascular 
system a therapeutic target for cannabidiol? Br. J. Clin. Pharmacol. 75 (2), 313–
322. doi: 10.1111/j.1365-2125.2012.04351.x

Stavro, K., Pelletier, J., and Potvin, S. (2013). Widespread and sustained cognitive 
deficits in alcoholism: a meta-analysis. Addict. Biol. 18 (2), 203–213. doi: 
10.1111/j.1369-1600.2011.00418.x

Stern, C. A. J., da Silva, T. R., Raymundi, A. M., de Souza, C. P., Hiroaki-Sato, V. 
A., Kato, L., et al. (2017). Cannabidiol disrupts the consolidation of specific and 
generalized fear memories via dorsal hippocampus CB 1 and CB 2 receptors. 
Neuropharmacology 125, 220–230. doi: 10.1016/j.neuropharm.2017.07.024

Teixeira-Clerc, F., Belot, M.-P., Manin, S., Deveaux, V., Cadoudal, T., Chobert, M.-N., 
et al. (2010). Beneficial paracrine effects of cannabinoid receptor 2 on liver injury 
and regeneration. Hepatology 52 (3), 1046–1059. doi: 10.1002/hep.23779

Tham, M., Yilmaz, O., Alaverdashvili, M., Kelly, M. E. M., Denovan-Wright, 
E. M., and Laprairie, R. B. (2019). Allosteric and orthosteric pharmacology of 
cannabidiol and cannabidiol-dimethylheptyl at the type 1 and type 2 cannabinoid 
receptors. Br. J. Pharmacol. 176 (10), 1455–1469. doi: 10.1111/bph.14440

Underwood, M. D., Kassir, S. A., Bakalian, M. J., Galfalvy, H., Dwork, A. J., Mann, 
J. J., et al. (2018). Serotonin receptors and suicide, major depression, alcohol 
use disorder and reported early life adversity. Transl. Psychiatry 8 (1), 279. doi: 
10.1038/s41398-018-0309-1

Viudez-Martínez, A., García-Gutiérrez, M. S., Navarrón, C. M., Morales-Calero, 
M. I., Navarrete, F., Torres-Suárez, A. I., et al. (2018). Cannabidiol reduces 
ethanol consumption, motivation and relapse in mice. Addict. Biol. 23 (1), 
154–164. doi: 10.1111/adb.12495

Viudez-Martínez, A., García-Gutiérrez, M. S., Fraguas-Sánchez, A. I., Torres-
Suárez, A. I., and Manzanares, J. (2018). Effects of cannabidiol plus naltrexone 
on motivation and ethanol consumption. Br. J. Pharmacol. 175 (16), 3369–
3378. doi: 10.1111/bph.14380

Wang, Y., Mukhopadhyay, P., Cao, Z., Wang, H., Feng, D., Haskó, G., et al. 
(2017). Cannabidiol attenuates alcohol-induced liver steatosis, metabolic 

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.3389/fphar.2017.00744
https://doi.org/10.1111/j.1471-4159.2007.05073.x
https://doi.org/10.1111/j.1365-2125.2012.04298.x
https://doi.org/10.1176/appi.ajp.2017.17030325
https://doi.org/10.1111/adb.12187
https://doi.org/10.1037/a0035215
https://doi.org/10.1016/j.pnpbp.2016.11.005
https://doi.org/10.1016/j.pnpbp.2016.11.005
https://doi.org/10.1038/s41598-017-07519-8
https://doi.org/10.1038/s41598-017-07519-8
https://doi.org/10.3389/fimmu.2016.00655
https://doi.org/10.3389/fimmu.2016.00655
https://doi.org/10.1002/hep.23258
https://doi.org/10.1016/j.imbio.2009.09.007
https://doi.org/10.1111/add.13974
https://doi.org/10.1016/j.neuropharm.2013.03.027
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.1016/j.jacc.2010.07.033
https://doi.org/10.1016/j.jacc.2010.07.033
https://doi.org/10.1016/j.jhep.2013.03.007
https://doi.org/10.3389/fncel.2015.00379
https://doi.org/10.1111/j.1476-5381.2011.01621.x
https://doi.org/10.1111/cns.12489
https://doi.org/10.1074/jbc.M707104200
https://doi.org/10.1007/s11064-005-6978-1
https://doi.org/10.1523/JNEUROSCI.4212-08.2009
https://doi.org/10.1038/sj.bjp.0707460
https://doi.org/10.1016/j.tiv.2015.11.004
https://doi.org/10.1176/ajp.151.12.1723
https://doi.org/10.1016/j.cpr.2014.08.002
https://doi.org/10.1016/j.jhep.2015.01.001
https://doi.org/10.1016/j.jhep.2015.01.001
https://doi.org/10.1080/14656566.2017.1349098
https://doi.org/10.1111/j.1365-2125.2012.04351.x
https://doi.org/10.1111/j.1369-1600.2011.00418.x
https://doi.org/10.1016/j.neuropharm.2017.07.024
https://doi.org/10.1002/hep.23779
https://doi.org/10.1111/bph.14440
https://doi.org/10.1038/s41398-018-0309-1
https://doi.org/10.1111/adb.12495
https://doi.org/10.1111/bph.14380


Cannabidiol in Alcohol Use DisorderDe Ternay et al.

11 May 2019 | Volume 10 | Article 627Frontiers in Pharmacology | www.frontiersin.org

dysregulation, inflammation and neutrophil-mediated injury. Sci. Rep. 7 (1), 
1–12. doi: 10.1038/s41598-017-10924-8

Wang, Y., Lin, W., Wu, N., Wang, S., Chen, M., Lin, Z., et al. (2019). Structural 
insight into the serotonin (5-HT) receptor family by molecular docking, 
molecular dynamics simulation and systems pharmacology analysis. Acta 
Pharmacol. Sin. 0, 1–19. doi: 10.1038/s41401-019-0217-9

Watanabe, K., Ogi, H., Nakamura, S., Kayano, Y., Matsunaga, T., Yoshimura, H., et al. 
(1998). Distribution and characterization of anandamide amidohydrolase in mouse 
brain and liver. Life Sci. 62 (14), 1223–1229. doi: 10.1016/S0024-3205(98)00052-6

Witkiewitz, K., and Vowles, K. E. (2018). Alcohol and opioid use, co-use, and 
chronic pain in the context of the opioid epidemic: a critical review. Alcohol 
Clin. Exp. Res. 42 (3), 478–488. doi: 10.1111/acer.13594

World Health Organization (2018). Global status report on alcohol and health 2018. 
WHO. World Health Organization. https://www.who.int/substance_abuse/
publications/global_alcohol_report/en/

Yang, L., Rozenfeld, R., Wu, D., Devi, L. A., Zhang, Z., and Cederbaum, A. (2014). 
Cannabidiol protects liver from binge alcohol-induced steatosis by mechanisms 
including inhibition of oxidative stress and increase in autophagy. Free Radic. 
Biol. Med. 68, 260–267. doi: 10.1016/j.freeradbiomed.2013.12.026

Zanelati, T. V., Biojone, C., Moreira, F. A., Guimarães, F. S., and Joca, S. R. L. 
(2010). Antidepressant-like effects of cannabidiol in mice: possible 

involvement of 5-HT 1A receptors. Br. J. Pharmacol. 159 (1), 122–128. doi: 
10.1111/j.1476-5381.2009.00521.x

Zhornitsky, S., and Potvin, S. (2012). Cannabidiol in humans—the quest for 
therapeutic targets. Pharmaceuticals (Basel) 5 (5), 529–552. doi: 10.3390/
ph5050529

Zou, X., Durazzo, T. C., and Meyerhoff, D. J. (2018). Regional brain volume 
changes in alcohol-dependent individuals during short-term and long-term 
abstinence. Alcohol Clin. Exp. Res. 42 (6), 1062–1072. doi: 10.1111/acer.13757

Conflict of Interest Statement: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2019 De Ternay, Naassila, Nourredine, Louvet, Bailly, Sescousse, 
Maurage, Cottencin, Carrieri and Rolland. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology/
www.frontiersin.org
https://doi.org/10.1038/s41598-017-10924-8
https://doi.org/10.1038/s41401-019-0217-9
https://doi.org/10.1016/S0024-3205(98)00052-6
https://doi.org/10.1111/acer.13594
https://www.who.int/substance_abuse/publications/global_alcohol_report/en/
https://www.who.int/substance_abuse/publications/global_alcohol_report/en/
https://doi.org/10.1016/j.freeradbiomed.2013.12.026
https://doi.org/10.1111/j.1476-5381.2009.00521.x
https://doi.org/10.3390/ph5050529
https://doi.org/10.3390/ph5050529
https://doi.org/10.1111/acer.13757
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Therapeutic Prospects of Cannabidiol for Alcohol Use Disorder and Alcohol-Related Damages on the Liver and the Brain

	Introduction

	Methods

	Cannabidiol for Reducing Alcohol Drinking Levels

	Cannabidiol for Reducing Alcohol-Related Liver Inflammation

	Cannabidiol for Reducing Alcohol-Related Brain Damage

	Discussion

	Author Contributions

	Funding

	References



