
Off-label and investigational
drugs in the treatment of alcohol
use disorder: A critical review

Pascal Valentin Fischler1*, Michael Soyka2, Erich Seifritz3 and
Jochen Mutschler4

1Department for Gynecology and Obstetrics, Women’s Clinic Lucerne, Cantonal Hospital of Lucerne,
Lucerne, Switzerland, 2Psychiatric Hospital University of Munich, Munich, Germany, 3Director of the
Clinic for Psychiatry, Psychotherapy and Psychosomatics, Psychiatric University Clinic Zürich, Zürich,
Switzerland, 4Meiringen Private Clinic, Meiringen, Switzerland

Compounds known to be successful in the treatment of alcohol use disorder

include the aversive agent, Disulfiram, the glutamatergic NMDA receptor

antagonist, Acamprosate, and the opioid receptor antagonists, Naltrexone

and Nalmefene. Although all four are effective in maintaining abstinence or

reduction of alcohol consumption, only a small percentage of patients receive

pharmacological treatment. In addition, many other medications have been

investigated for their therapeutic potential in the treatment of alcohol use

disorder. In this review we summarize and compare Baclofen, Gabapentin,

Topiramate, Ondansetron, Varenicline, Aripiprazole, Quetiapine, Clozapine,

Antidepressants, Lithium, Neuropeptide Y, Neuropeptide S, Corticotropin-

releasing factor antagonists, Oxytocin, PF-05190457, Memantine, Ifenprodil,

Samidorphan, Ondelopran, ABT-436, SSR149415, Mifepristone, Ibudilast,

Citicoline, Rimonabant, Surinabant, AM4113 and Gamma-hydroxybutyrate

While some have shown promising results in the treatment of alcohol use

disorder, others have disappointed and should be excluded from further

investigation. Here we discuss the most promising results and highlight

medications that deserve further preclinical or clinical study. Effective,

patient-tailored treatment will require greater understanding provided by

many more preclinical and clinical studies.
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1 Introduction

Alcohol use disorder imposes a large medical risk on affected patients and represents

an enormous medical and economic burden for society, as well as being the world’s most

prevalent substance use disorder (age-standardized worldwide prevalence 1,321 cases per

100,000 people) (GBD 2016; Alcohol and Drug Use Collaborators, 2018). The lifetime risk

for development of alcohol use disorder (AUD) is estimated at 5.1%–8.6%. Alcohol-

associated liver disease is globally the major cause of liver-related morbidity and mortality

(Asrani et al., 2021), and alcohol use disorder is the most common substance use-related
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reason for emergency department presentation (Xierali et al.,

2021). Furthermore, there is a potentiation of harm due to

frequent co-occurrence of alcohol disorder with depression

and other comorbid psychiatric disorders (McHugh and

Weiss, 2019), in addition to the association with other

substance use disorders (Alcover et al., 2021). The

pathophysiology of alcohol use disorder is still not completely

understood due to the enormous complexity of neuronal network

system and multigenetic influences. Many different

neurotransmitter systems are involved in the

pathophysiological genesis and maintenance of alcohol use

disorder, such as the mesolimbic dopamine system,

GABAergic neurotransmitter system, serotoninergic-, acetyl

cholinergic-, adrenergic- and NMDA-receptor systems, as well

as the endogenous opioid receptors and the endocannabinoid

system. As well as neuroendocrine hormones and the

hypothalamic-pituitary-adrenal axis of central stress system,

intraneuronal pre- and postsynaptic regulation systems also

seem to play a role. Therefore, many different

pharmacological target points have been investigated in

relation to the treatment of alcohol use disorders (Spanagel,

2009). As the epidemiology, symptomatology, pathophysiology

and diagnosis of alcohol use disorder are all well described, we

only refer to the relevant literature and national guidelines

(Spanagel, 2009; Sommer and Spanagel, 2013; Günthner et al.,

2018). Data suggests that alcohol use disorder is still heavily

underreported and that many cases go undetected. Amongst

diagnosed cases, only a small proportion receives adequate

psychotherapeutic treatment and an even smaller percentage

is allocated to pharmacological treatment and anti-craving

medication (Wallhed Finn et al., 2021; Larsen et al., 2022).

Despite the fact that some medications are well-proven and

many new substances are currently under investigation,

pharmacologic treatment of alcohol use disorder remains

underutilized and undervalued (Cohen et al., 2022).

1.1 Current pharmacological treatment of
alcohol use disorder

Besides psychotherapeutic treatment methods for relapse

prophylaxis in patients with alcohol use disorder, which have

proven effective in supporting abstinence and preventing relapse

(Miller and Wilbourne, 2002), there are four established options

for the pharmacological treatment of alcohol use disorder. These

four medications, the aversive agent disulfiram, the glutamatergic

NMDA receptor antagonist acamprosate, and the opioid

receptor antagonists naltrexone and nalmefene, are currently

approved for the treatment of alcohol use disorders (Soyka and

Lieb, 2015). Disulfiram is an aversive drug causing nausea and

vomiting in case of alcohol consumption due to its irreversible

inhibition of hepatic aldehyde dehydrogenases and production of

toxic acetaldehyde. It is therefore used to maintain strict

abstinence and should prevent relapse (Mutschler et al., 2016).

The other two medications for which the main therapeutic goal is

to maintain abstinence due to reduction of alcohol-craving are

the NMDA receptor antagonist acamprosate (Kiefer and Mann,

2010), and the long-acting opioid receptor antagonist naltrexone

(Kirchoff et al., 2021). Various meta-analyses and reviews have

described the effectiveness of these medications in treating

alcohol use disorder (Garbutt et al., 1999; Kenna et al., 2004a,

2004b; Soyka and Roesner, 2006; Jonas et al., 2014; Soyka and

Mutschler, 2016). Despite convincing data, only 30% of patients

with alcohol use disorder (AUD) receive any treatment and less

than 10% are treated with pharmacological anti-craving

medications for alcohol consumption relapse prophylaxis

(Hasin et al., 2007; Jonas et al., 2014).

1.2 The search for additional anti-craving
drugs

Even though established pharmacological treatments of

alcohol use disorder have been shown to be effective in

relapse prophylaxis, these medications have not yet found

widespread success and acceptance in affected patient

populations, mainly due to treatment-related side effects.

Therefore, the search for new pharmacological substances for

treatment of alcohol use disorder should be encouraged (Shen,

2018a). As shown in the case of Baclofen, the promotion of this

anti-craving drug by Olivier Ameisen attracted public attention

regarding the inadequate pharmacological treatment options

provided by currently approved drugs for the treatment of

alcohol use disorder (Ameisen, 2011). Therefore, studies of

off-label anti-craving medications are justified. When seeking

new pharmacological substances to treat alcohol use disorders,

we should take into account the characteristics of an optimal

anti-craving drug as proposed by M. Soyka. These include a low

relapse potential, no psychotropic effect or dependence potential

of the drug itself, no interaction with alcohol, no hepatotoxic

effects, few side effects, lack of an unfavorable side-effect profile,

and suitability in patients with a reduced general health.

Understandably these criteria cannot all be met, but any new

pharmacological treatment should be evaluated in light of these

criteria. In order to find new anti-craving drugs more research is

needed to understand pathogenesis of alcohol use disorder

(Lundberg et al., 2021), and an animal model is now available

that can be used for screening potential treatments for alcohol

use disorder (Bell et al., 2017).

2 Methods of literature research

The objective of this paper is to provide an overview of new

developments in the pharmacological treatment of alcohol use

disorders, with a thematic focus on off-label medications and
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pharmacogenetic applications. This paper is intended to broaden

clinician and researcher horizons regarding medication classes

not currently in use in clinical practice. Some show promising

initial results and may become future clinical standards in first-

or second-line pharmacotherapy of alcohol use disorders. This

review paper mainly concerns the clinical research setting and as

such will help evaluate the benefit of the further research effort on

specific off-label medications. Equally, it may also provide input

for preliminary preclinical studies searching for new anti-craving

drugs that could be tested in an animal model of alcohol use

disorder.

This paper is based on systematic review, literature research

and data extraction from the PubMed database concerning

current therapeutic standards and existing publications on the

topic of off-label medications. In addition, ClinicalTrials.gov was

analyzed for recent developments, new pharmacological

substances and upcoming research publications. We also

considered several national clinical guidelines and meta-

analyses concerning various specific anti-craving drugs.

The following key words were used in literature research of

PubMed: alcohol, alcohol use disorder, alcohol dependence,

alcohol consumption, relapse prophylaxis, anti-craving,

pharmacological treatment and off-label use. These terms were

used in combination with the different medications discussed in

this review. Approximately 1,200 papers were found and

reviewed.

3 Off-label medication for relapse
prophylaxis

A variety of different medications with a diverse range of

actions have been preclinically or clinically assessed in the

treatment of alcohol use disorder (Hartwell et al., 2022). Some

gave promising results, while others were ineffective or produced

inconclusive results. In this overview we review and discuss the

latest data on the various medications in order to prioritize

ongoing or future clinical investigations.

3.1 Baclofen

Baclofen is a selective agonist of the B-subunit of the

metabotropic GABA receptor (GABA-B) and is approved as a

muscle relaxant in the treatment of neurological spasticity in

patients with spinal cord lesions or multiple sclerosis (Dario and

Tomei, 2004; Bowery, 2006). Due to the active promotion of

baclofen as an anti-craving drug by the cardiologist Olivier

Ameisen, who used high-dose baclofen to treat his personal

alcohol use disorder, this medication has received a lot of

public interest (Ameisen, 2005). The therapeutic effect of

baclofen in patients with alcohol use disorder is not

completely understood, but likely involves two pathways.

Baclofen impacts the regulation of emotional behavior

through activation of GABA-B receptors in the limbic system,

which leads to improved control of anxiety, a frequent

comorbidity of alcohol use disorder (Addolorato et al., 2009;

Holtyn andWeerts, 2022). Due to the ability of GABA-B receptor

agonists and GABA-B receptor allosteric modulators to

downregulate the neuronal stress circuit, these medications

have been investigated for therapeutic use in stress-related

psychiatric disorders including anxiety, mood-disturbances

and alcohol use disorder (Morley et al., 2014; Felice et al.,

2022). In addition, through the local suppression of

dopaminergic neurons baclofen reduces the positive

reinforcement of alcohol, which is mediated through trigger-

stimulated dopamine release in the limbic system (Addolorato

and Leggio, 2010).

Upon oral administration baclofen is rapidly and almost

entirely absorbed via the gastrointestinal tract and reaches

plasma peak concentrations after 2–3 h (El-Husseini et al.,

2011). Due to a relatively short half-life of 2–6 h and its

unaltered elimination via the kidneys, the drug has to be

taken 3–4 times daily (Soyka and Lieb, 2015). Additional

pharmacokinetic studies found a linear relationship between

administered oral dose and plasma concentration, even at

doses of over 120 mg/day (Chevillard et al., 2017). A very

high inter-individual variability could not be explained by

demographic factors. In view of its unaltered renal excretion,

baclofen has potential applications even in patients with

compromised hepatic function (Addolorato et al., 2007; El-

Husseini et al., 2011; Chevillard et al., 2017).

Although baclofen received temporary approval by the

French drug agency (ANSM) in 2014 for the new indication

of alcohol use disorder, conflicting study results have led to

scientific controversy (Soyka et al., 2017). Results from

preclinical and small preliminary clinical trials have shown

that baclofen is effective in reducing alcohol intake and

craving in patients with alcohol use disorder (Addolorato

et al., 2000; Colombo et al., 2000). These early results were

reproduced in several randomized clinical trials conducted in

Italy using baclofen doses of 10–30 mg/day (Addolorato et al.,

2000, 2002, 2007, 2009, 2011; Addolorato and Leggio, 2010). In

contrast to these results, a double-blind, placebo-controlled,

randomized clinical study conducted in the US failed to find

evidence that baclofen (30 mg/day) is superior to placebo in the

treatment of alcohol use disorder (Garbutt et al., 2010). These

differences may be attributable to methodological variation such

as study design, male/female ratio, treatment duration, intensity

of psychological support and patient characteristics. The Italian

studies appear to have includedmore patients with severe alcohol

use disorder (Addolorato and Leggio, 2010). Nevertheless, other

studies have also reported negative results (Ponizovsky et al.,

2015; Hauser et al., 2017). A small double-blind, randomized,

placebo-controlled clinical trial with 50 mg/day (Krupitsky et al.,

2015) and a double-blind, randomized, 3-arm clinical trial
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comparing baclofen 30 mg/day and 60 mg/day against placebo

also failed to show that baclofen was effective in reducing alcohol

intake in alcohol use disorder (Morley et al., 2014).

Interestingly, a secondary analysis of this 3-arm clinical trial,

with stratification for anxiety comorbidity, showed a significant

reduction of relapse risk in patients with alcohol use disorder and

comorbid anxiety disorder (Morley et al., 2014). These secondary

findings partially agree with the results of the Italian studies,

where baclofen was not only effective in reducing alcohol intake

and craving, but also reduced symptoms of anxiety and stress.

Baclofen is thought to interact with the stress circuit in the brain

and other neuroendocrine systems, resulting in the regulation of

stress and emotional behavior (Addolorato et al., 2009).

A retrospective study of patients with alcohol use disorder

found that baclofen reduced alcohol craving, even though no

decrease in alcohol consumption was seen. The most interesting

finding of this study was the identification of two subpopulations

that differ in their response time to baclofen treatment. While the

early-responders show a medication effect within days, late-

responders require baclofen treatment for several weeks before

an anti-craving effect becomes evident (Imbert et al., 2015).

However, it was not possible to predict from patient data

which subpopulation a patient might belong to. This

phenomenon could be one explanation for inconsistent study

results between the various clinical trials, besides the widely

varying study designs and medication dosages.

Due to the extremely high baclofen dose (up to 270 mg/d)

used by Olivier Ameisen in his experimental self-treatment

(Ameisen, 2005), and the inconsistent study data produced in

previous clinical trials with low or intermediate baclofen

concentrations, researchers have recently performed studies

with high dosages (Müller et al., 2015; Beraha et al., 2016;

Reynaud et al., 2017). This tendency towards higher dosages

also relates to the suspected dose-response effect of baclofen

described in previous studies (Addolorato et al., 2011). However,

a randomized, placebo-controlled study of 320 patients with

AUD, attending a treatment program with a target dose of

180 mg/d during a 26-week clinical trial and a follow-up of

20 weeks, did not find a significantly higher abstinence rate in

the baclofen group compared to the placebo control.

Nevertheless, a tendential reduction of alcohol consumption

and a significant anti-craving effect of baclofen could be

demonstrated (Reynaud et al., 2017). Even more disappointing

results were reported in a multicenter, double-blind placebo-

controlled clinical trial with baclofen doses of 30 mg/d and

130 mg/d. Neither the low-dose nor the high-dose group

showed a significant effect of treatment compared to placebo.

Furthermore, frequent drug side effects, especially in the high-

dose group, were reported (Beraha et al., 2016). In complete

contrast to the findings above, a randomized double-blind,

placebo-controlled clinical trial at the Berlin Charité, including

56 patients with individual titration of baclofen up to 270 mg/d,

reported significantly higher total abstinence and abstinence

duration in patients treated with baclofen. Perhaps due to the

individual titration of baclofen, no serious adverse treatment

effects were reported (Müller et al., 2015).

Nevertheless, this trend towards the administration of high-

dose baclofen leads to important safety concerns (Akosile and

Klan, 2016; Boels et al., 2017), and serious self-poisoning due to

baclofen treatment in AUD is being increasingly reported (Léger

et al., 2017; Tyson et al., 2022). A serious safety risk is the

occurrence of major sedation, especially in high baclofen doses

up to 300 mg/d. The sedation risk is directly related to the dose of

baclofen and the amount of consumed alcohol. This is especially

concerning in patients without successful abstinence, as alcohol

consumption increases during relapse (Rolland et al., 2015). One

report even described baclofen overdose as mimicking brain

death in a case of deep coma (Sullivan et al., 2012). Besides

secondary effects, baclofen use also poses the problem of

withdrawal symptoms, including delirium and seizure in the

event of rapid discontinuation (Leung et al., 2006; Franchitto

et al., 2014; Kapil et al., 2014).

Despite these safety concerns, baclofen has a relatively high

acceptance among patients with AUD, suggesting that baclofen

could potentially become an accepted alternative strategy for

patients with treatment-refractory alcohol use disorder,

especially in heavy-drinkers (Pierce et al., 2018; Leggio and

Litten, 2021). To ensure an efficient and safe administration

more clinical studies are needed to specify indications and patient

selection, as well as to refine individual titration of baclofen dose

(Morley et al., 2018; Rose and Jones, 2018; Garbutt et al., 2021).

Even though data on baclofen are conflicting, this medication

appears to have the potential to become a valid alternative

treatment, especially in patients with severely reduced liver

function or comorbid anxiety disorder (de Beaurepaire et al.,

2018).

3.2 Anticonvulsants

3.2.1 Gabapentin
Gabapentin belongs to the pharmacological group of

anticonvulsants and can be used for treatment of epileptic

diseases and neuropathic pain due to its inhibition of

presynaptic voltage-gated Na+ and Ca2+ cannels in neuronal

cells (Rogawski and Löscher, 2004; Dickenson and Ghandehari,

2007; Landmark, 2007). Furthermore, gabapentin affects the

regulation of neurotransmitter release, preventing the release

of neurotransmitters such as glutamate (Bonnet et al., 1999;

Coderre et al., 2007; Prisciandaro et al., 2021). In a rat model,

gabapentin led to the inhibition of K + -triggered glutamate

release in the neocortical and hippocampal brain area (Dooley

et al., 2000; Cunningham et al., 2004). Gabapentin is also effective

in treating somatic symptoms during alcohol withdrawal (Voris

et al., 2003; Mariani et al., 2006), as well as in reducing

withdrawal-induced CNS hyperexcitability (Watson et al.,
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1997). The same effects can be seen not only in alcohol

withdrawal, but also in the symptomatic treatment of opiate

withdrawal (Martı´;nez-Raga et al., 2004).

Comparing gabapentin to the established therapeutic

lorazepam in the treatment of alcohol withdrawal, a double-

blind clinical trial showed that gabapentin was statistically

superior but clinically similar to lorazepam (Myrick et al., 2009).

While gabapentin has shown promising results regarding

symptomatic treatment, craving and anxiety reduction during

alcohol withdrawal, further studies on gabapentin dosage are

needed due to insufficient titration data (Berlin et al., 2015; Leung

et al., 2015). With regard to relapse prophylaxis of alcohol use

disorder, gabapentin significantly reduced heavy drinking in a

number of clinical trials, but failed to show any difference from

placebo as concerns craving reduction or preservation of

abstinence (Pani et al., 2014). The same results were

reproduced in a recent meta-analysis where gabapentin was

effective in reducing the percentage of heavy drinking days,

but did not change any other measurement endpoint

compared to placebo (Kranzler et al., 2019).

Contrasting findings were reported by a randomized, double-

blind, placebo-controlled clinical trial. This 12-week, three-arm

trial included 150 participants, with oral gabapentin

administration of 0 mg (placebo), 900 mg/d or 1800 mg/d, and

noted both a significant reduction of heavy drinking, mood

stabilization and improvement of sleep quality, together with

a significant reduction of craving. However, the most important

result was perhaps the significant increase in abstinence rate in

patients undergoing gabapentin treatment. The abstinence rate

showed a dose-dependent increase from 4.1% for placebo to

11.1% abstinence in the 900 mg/d group and 17.0% in the

1800 mg/d group. Even though there were no reports of

serious side effects or drug-related adverse events, at 57%

(85 of 150 participants) the study completion rate was very

low. This low completion rate likely caused a bias in study

results, despite similarities in completion across the three

groups (Mason et al., 2014).

Due to the dose-dependent effect of gabapentin, as shown in

this study, there are safety concerns regarding overdose and

abuse (Mersfelder and Nichols, 2016; Smith et al., 2016; Haukka

et al., 2018). In a study of intentional drug overdose based on data

from a national self-harm registry, a strong increase in

emergency department presentation was found for gabapentin

overdose. While only 0.5% of intentional drug overdoses in

2007 involved gabapentin, this increased to 5.5% by 2015.

Over one third (37.2%) of patients were found to be co-

intoxicated with alcohol (Daly et al., 2017). On the other

hand, in a study of gabapentin safety in the treatment of

substance use disorders, gabapentin was not found to be

especially harmful or lethal compared to other prescribed

psychotropic drugs (Howland, 2014). Therefore, gabapentin

treatment can be considered safe based on rare drug-related

adverse events (Mason et al., 2018).

Even though gabapentin can significantly reduce heavy

drinking, data concerning craving and abstinence are

conflicting (Ahmed et al., 2019; Kranzler et al., 2019).

Therefore, new therapies based on different gabapentin

dosages or formulas, as well as possible combination therapies

with established anti-craving medications, are still under

investigation. In a randomized, double-blind, placebo-

controlled multisite clinical trial of Gabapentin Enacarbil

Extended-Release (GE-XR), a gabapentin-prodrug with

intracorporal enzymatic activation into bio-active gabapentin,

GE-XR 600 mg twice a day was not found to be effective in

reducing alcohol consumption or craving compared to placebo.

Furthermore, no beneficial clinical effect could be found for other

drinking-behavior measurements, sleep problems, smoking,

depression or anxiety symptoms. Therefore GE-XR does not

reduce alcohol consumption or craving in patients with alcohol

use disorder (Falk et al., 2019b).

In a randomized, double-blind, placebo-controlled, three-

arm clinical trial on co-medication with naltrexone and

gabapentin, 150 patients with alcohol use disorder were

randomized to either double-placebo, naltrexone-only (50 mg/

d) or to combined naltrexone (50 mg/d)–gabapentin (up to

1200 mg/d) co-therapy. The addition of gabapentin to the

naltrexone treatment protocol resulted in a significant

improvement in heavy drinking compared to the naltrexone

alone (Anton et al., 2011).

Overall, data on gabapentin use in the treatment of alcohol

use disorder are conflicting. Even though gabapentin has shown

good results concerning alcohol withdrawal (Anton et al., 2020),

but does not seem to be effective as a first line therapy for relapse

prophylaxis, and while it can reduce heavy drinking behavior, it

does not increase abstinence. In summary, use of gabapentin as

an adjunct to established anti-craving medications such as

naltrexone seems more promising than single-therapy use of

gabapentin.

3.2.2 Topiramate
Topiramate is an antiepileptic drug, approved for the

treatment of migraine and epilepsy (French et al., 2004;

Wenzel et al., 2006), which promotes GABAergic inhibition of

its non-benzodiazepine receptor and reduces glutamate

excitatory action at kainate receptors and the AMPA receptor

(alpha-amino-3 hydroxy-5 metylisoxazole-4 propionic receptor)

(White et al., 2000; Angehagen et al., 2005). As regards

pharmacokinetic and pharmacodynamic properties, topiramate

has 80% bioavailability and maximal plasma drug concentrations

are reached 1.3–1.7 h after oral administration. Exhibiting low

plasma-protein binding (15%) and with a half-life of 19–23 h,

with repetitive drug ingestion a steady state plasma concentration

is reached after approximately 4 days. Around 80% of topiramate

is renally excreted in an unchanged state, while approximately

20% undergoes metabolic inactivation (Perucca and Bialer, 1996;

Garnett, 2000; Shank et al., 2000; Johnson and Ait-Daoud, 2010).
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Besides its use in epilepsy and migraine, topiramate has been

investigated in relation to other medical conditions such as

smoking (Robinson et al., 2022), metabolic syndrome (Roy

Chengappa et al., 2001; Bray et al., 2003) and a variety of

psychiatric disorders including binge-eating and PTSD (post-

traumatic stress disorder) (McElroy et al., 2003; Alderman et al.,

2009). Furthermore, topiramate reduces neuronal dopamine

activity in the mesolimbic cortical area and may therefore be

useful in the treatment of alcohol use disorder due to a reduction

of the rewarding effects of consumption (Weiss and Porrino,

2002; Johnson et al., 2004). Early randomized, double-blind,

placebo-controlled clinical studies of topiramate in alcohol use

disorder showed very promising results, with a significant

reduction of alcohol consumption parameters and alcohol

craving compared to placebo if topiramate was used as an

adjunct to standardized anti-craving medication (Johnson

et al., 2003a) or even as a first-line medication (Johnson et al.,

2007). However, a subsequent randomized, placebo-controlled

clinical study was not able to reproduce these results and did not

find any significant effect of topiramate in the treatment of

alcohol use disorder (Likhitsathian et al., 2013). To complicate

matters further, a study of veterans with PTSD and comorbid

alcohol use disorder reported that topiramate effectively reduced

hyperarousal PTSD symptoms, as well as alcohol craving and

consumption (Batki et al., 2014). In a meta-analysis including

seven randomized placebo-controlled clinical trials of topiramate

as a treatment for alcohol use disorder, a small to moderate

overall effect in favor of topiramate was found, together with

good results for abstinence and reduced heavy drinking, although

not reaching significance for a reduction of alcohol craving

(Blodgett et al., 2014). These promising results were

confirmed in a Cochrane review, which showed a reduction of

drinking parameters such as heavy drinking days and drinks per

drinking day, as well as superiority in maintaining abstinence

compared to placebo, even though craving reduction again did

not reach significance. In addition to these hopeful clinical

results, no difference in drop-out rate was found between

topiramate and placebo despite the higher level of adverse

events in the topiramate group (Pani et al., 2014). Topiramate

has a relatively favorable adverse event profile, with mild to

moderate reported symptoms mainly consisting of transient

paraesthesia, anorexia, taste perversion, and memory

impairment and concentration disorder (Johnson, 2005, 2008;

Johnson and Ait-Daoud, 2010; Batki et al., 2014).

Conflicting or ambiguous study results, such as a failure to

reach significance in the case of craving reduction, may be due to

insufficient patient-therapy allocation. A pharmacogenetic study

found that a single nucleotide polymorphism (rs2832407) in

GRIK1, a gene encoding a subunit of the glutamatergic kainate

GluK1 receptor, influenced the therapeutic outcome of

topiramate. A patient subgroup carrying homozygous C alleles

of rs2832407 showed a significantly greater response to

topiramate as regards fewer heavy drinking days compared to

other genotype subgroups (Kranzler et al., 2014a; 2014b, 2016).

In another study the moderating effect of the rs2832407 genotype

could unfortunately not be replicated in a prospective trial

(Kranzler et al., 2021). On the other hand, further studies

have shown the pharmacogenetic influence of single

nucleotide polymorphisms (SNP’s), not only on treatment

response but also on the post-treatment period following

discontinuation of the medication (Kranzler et al., 2022).

Therefore, introduction of personalized medicine, with

consequent improved patient-therapy allocation, may deliver

useful improvements in therapeutic responses. Furthermore,

topiramate might also support concept anti-craving therapies

as an adjunct medication, as shown in preclinical studies for

combined treatment with ondansetron and topiramate (Moore

et al., 2014).

Overall, the results to date for topiramate in the treatment of

alcohol use disorder are very promising. Nevertheless, further

clinical studies are needed in order to allow topiramate to be

incorporated into existing therapeutic standards as a second-line

or adjunct medication, a role in which it has shown great

promise.

3.3 Ondansetron

Ondansetron is a selective serotonin 5-HT3 receptor

antagonist with affinity for central as well as peripheral

serotonin receptors in the gastrointestinal tract where it shows

strong antiemetic effect. Ondansetron is now used to treat severe

nausea and vomiting, especially after oncologic radiation therapy

and chemotherapy, or in cases with opioid-induced

postoperative nausea and vomiting (PONV). In contrast to

other antiemetic medications, ondansetron shows no

antidopaminergic or anticholinergic proprieties (Christofaki

and Papaioannou, 2014).

Besides an antiemetic effect, ondansetron is an effective

treatment for alcohol use disorder in patients with early

onset alcoholism (EOA) (Soyka and Müller, 2017). A

preliminary, double-blind, randomized, placebo-controlled

study including healthy male volunteers addressed the

psychological effects of alcohol ingestion. Pre-treatment with

4 mg oral ondansetron led to a significant reduction in the

subjective pleasurable effect of alcohol, together with an

attenuated desire to drink alcohol (Johnson et al., 1993).

These initial findings were later confirmed in a large

multicenter, double-blind, randomized placebo-controlled

clinical trial that included 271 patients with diagnosed alcohol

use disorder. Patients were assigned 1 µg/kg, 4 µg/kg or 16 µg/kg

ondansetron twice a day or an identical placebo for a treatment

duration of 11 weeks, with concomitant cognitive behavioral

psychotherapy. Self-reported alcohol consumption was verified

by quantitative measurement of carbohydrate-deficient

transferrin (CDT) in plasma, a sensitive marker for alcohol
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consumption. Results showed a significant reduction of alcohol

consumption in patients with EOA and superiority to placebo in

terms of abstinence rate. A dosage of 4 µg/kg twice a day is

particularly recommended for EOA (Johnson et al., 2000b).

Interestingly, the therapeutic effect of ondansetron is only

apparent in patients with EOA and fails to reduce craving or

alcohol consumption in patients with late-onset alcoholism

(LOA). This difference in therapeutic outcome is based on

serotoninergic disturbance in EOA, which is regulated by

ondansetron (Johnson et al., 2002; Kranzler et al., 2003).

Even without stratification for EOA or LOA, a placebo-

controlled, double-blind clinical study of ondansetron 16 mg/d

showed a modest but still significant reduction in heavy drinking

days (Corrêa Filho and Baltieri, 2013). Besides an anti-craving

effect, ondansetron has been shown to alleviate symptoms of

anxiety, depression and hostility in patients with EOA (Johnson

et al., 2003b).

In an effort to improve therapeutic outcomes, several clinical

studies were conducted using pharmacological combination

therapies such as ondansetron and naltrexone, and a

significant superiority to placebo in reduction of craving,

decreased automaticity of drinking and alcohol consumption

was reported (Johnson et al., 2000a; Ait-Daoud et al., 2001a,

2001b).

Preliminary studies in rodents, with a focus on a combination

of ondansetron and topiramate, have also shown promising

results, especially as regards heavy drinkers (Lynch et al.,

2011; Moore et al., 2014). In a within-subject, double-blind,

placebo-controlled human laboratory study comparing

ondansetron and sertraline, a genetic polymorphism of the

serotonin 5-HT3 transporter (5-HTTLRP) was shown to be

responsible for alterations in the effective strength of anti-

craving ondansetron therapy. The results of this study

demonstrated a direct interaction between a genetic

polymorphism and a response to pharmacological therapy

(Kenna et al., 2014a).

Several other studies have attempted to find genetic

polymorphisms with predictive value for pharmacological

treatment outcomes (Johnson et al., 2011, 2013; Kenna et al.,

2014b; Müller et al., 2014; Hou et al., 2015; Thompson and

Kenna, 2016). In a pharmacogenetic trial of ondansetron that

included 251 participants with full genotype information,

118 specific genetic or other prognostic factors for therapy

response were identified (Hou et al., 2015). A

pharmacogenetic study looking at the association of genotypes

with treatment responses found evidence that a five-marker

genotype panel of single-nucleotide polymorphisms could

predict effectiveness of ondansetron therapy (Johnson et al.,

2013). Future progress in pharmacogenetics will allow better

patient allocation to optimal pharmacological treatments.

In summary, ondansetron has shown promising results and

could potentially be incorporated into standard therapies for

treating alcohol use disorder, especially as a combination therapy

with established anti-craving medicines (Soyka et al., 2017).

3.4 Varenicline

Varenicline is a derivate of the quinolizidine-alkaloid

cytosine and acts as a partial agonist at the α4β2 and as a full

agonist of α7 nicotinic acetylcholine receptors (nAChR) in the

ventral tegmental area of the mesencephalon (Crunelle et al.,

2010; Nocente et al., 2013). Varenicline is approved for smoking

cessation in patients with nicotine dependence and is effective in

the treatment of AUD and other substance dependences such as

cocaine (McKee et al., 2009; Fucito et al., 2011; Hays et al., 2011;

Childs et al., 2012; Mitchell et al., 2012; Plebani et al., 2012, 2013;

Litten et al., 2013; Meszaros et al., 2013; Erwin and Slaton, 2014).

In patients with alcohol use disorder, varenicline modifies

endogenous dopamine pathways that are affected by

exogenous substances and thus reduces alcohol-induced

dopamine release in the nucleus accumbens. Although the

precise mechanism of action is still unclear, inhibition of

triggered dopamine release reduces rewarding effects and

thereby disrupts maintenance of alcohol consumption (Ait-

Daoud et al., 2006a, 2006b; Crunelle et al., 2010, 2011;

Nocente et al., 2013). The 80%–85% comorbidity rate for

nicotine dependence in patients with AUD illustrates the great

potential of a medication able to treat both dependence diseases

(Ait-Daoud et al., 2006a; Mitchell et al., 2012; Nocente et al.,

2013).

For treatment of nicotine or alcohol use disorder, 0.5–1.0 mg

of varenicline is administered twice daily and shows a nutrition-

independent bioavailability of nearly 100%, facilitating rapid

attainment of maximal plasma peak concentration.

Varenicline shows only a negligible hepatic metabolism and

few drug interactions (Foulds et al., 2006; Steinberg et al.,

2011). The most often manifested drug side effects were

gastrointestinal symptoms such as nausea, constipation or

vomiting, but these were often only mild or intermediate in

intensity. Further adverse effects, such as headache, insomnia,

abnormal dreams and dry mouth were more often reported

compared to placebo (Erwin and Slaton, 2014; Raich et al.,

2016). Overall, varenicline can be considered safe, even in

patients with psychiatric comorbidities, where no evidence

was found for remarkable exacerbations or increased

occurrence of adverse effects (Raich et al., 2016). In early

studies, the anti-craving effect of varenicline was seen as a

positive side-effect in patients treated for nicotine dependence,

and even though the study population was a mix of alcohol-

dependent and non-alcohol-dependent patients, the study results

nevertheless showed a significant reduction of alcohol

consumption in smokers treated with varenicline (McKee

et al., 2009; Childs et al., 2012; Mitchell et al., 2012).
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This observation could be reproduced in several preclinical

studies on rats, which showed reduced alcohol consumption after

administration of varenicline. Interestingly, pharmacological

treatment seems to decrease the rewarding effect of alcohol

rather than seeking behavior in rats, corresponding to similar

cravings in humans, and lasted only as long as the substance was

administered (Crunelle et al., 2010; Froehlich et al., 2017b;

Czachowski et al., 2018).

Human clinical trials with 1 mg varenicline twice a day in

alcohol-dependent patients gave similar results, producing a

significant reduction of alcohol consumption (Litten et al.,

2013; Meszaros et al., 2013; Plebani et al., 2013; de Bejczy

et al., 2015). In one randomized, double-blind, placebo-

controlled clinical trial, varenicline was found to be more

effective in reducing craving and mood instabilities than in

decreasing alcohol intake. Varenicline seemed to have a

greater impact in patients with nicotine dependence

comorbidity than in non-smokers (Plebani et al., 2013). In

contrast, a large double-blind, randomized, placebo-controlled

clinical study of 200 alcohol dependent participants showed a

significant reduction in consumption of alcohol (heavy drinking

days, drinks per day and drinks per drinking day) as well as

reduced craving for alcohol. No difference was found between

smokers or non-smokers (Litten et al., 2013).

Other double-blind, placebo-controlled clinical trials that

included participants with the dual behavioral health risks of

nicotine and alcohol-dependency showed that varenicline is an

effective co-therapy for both comorbidities, reducing both

drinking and smoking. Varenicline is an interesting new

therapeutic option in that a single pharmacological substance

impacts combined behavioral health risks (McKee et al., 2009;

O’Malley et al., 2017; Hurt et al., 2018). Encouragingly, no direct

correlation between the effects of varenicline on alcohol and

nicotine consumption was found, indicating that varenicline can

still be effective even when effects of the other comorbidity are

absent (McKee et al., 2009).

Most studies of varenicline in AUD showed a significant

reduction of alcohol craving (Roberts et al., 2017) and

consumption, measured in heavy drinking days, drinks per

day and drinks per drinking day, but did not show an

increased abstinence rate. This could be due to the specific

mechanism of interaction with the endogenous dopaminergic

system, where varenicline decreases stimuli-triggered dopamine

release and thus averts a rewarding alcohol effect (McKee et al.,

2009; Fucito et al., 2011; Hays et al., 2011; Mitchell et al., 2012;

Litten et al., 2013; Meszaros et al., 2013). On the other hand, not

all studies were able to reproduce these results, and in some cases

varenicline could not be shown to attenuate cue-induced alcohol

craving relative to placebo (Miranda et al., 2020).

New therapeutic strategies tend to combine the advantages of

varenicline with the established standard therapy for alcohol use

disorder. In a study of rats carrying a genetic mutation conveying

risk of alcohol use disorder, a combination of naltrexone and

varenicline showed promising results that deserve further study

(Froehlich et al., 2017a).

A preclinical double-blind, randomized, placebo-controlled

study, including subjects who were both heavy drinkers and

smokers, used functional neuroimaging (fMRI) to show the

influence of combinations of pharmacological substances on

neurological activity in region of interest (ROI) analysis and

exploratory whole-brain analysis. The alcohol and nicotine

dependent patients were either assigned to varenicline (2 ×

1 mg) alone, naltrexone (25 mg) alone, a combination of

naltrexone and varenicline or placebo. The study results

showed a better response to combination therapy, suggesting

that this could be a promising new strategy in AUD or comorbid

alcohol-nicotine dependency (Ray et al., 2015).

In conclusion, varenicline appears to be a good alternative

strategy, especially for patients with less-severe alcohol use

disorder. In these patients it can reduce alcohol consumption

and improve psychosocial functioning (Donato et al., 2021), and

it may also be useful in patients with dual behavioral health risks

due to alcohol and nicotine dependence. Thanks to these

promising results and rare adverse effects, varenicline has a

real chance to become a new standard therapy, particularly in

combination with established therapies such as naltrexone or

nalmefene (Erwin and Slaton, 2014; Soyka and Lieb, 2015; Soyka

et al., 2017).

3.5 Antipsychotics

3.5.1 Aripiprazole
Aripiprazole is an antipsychotic drug and is classified as an

atypical neuroleptic for treatment of schizophrenia and manic or

mixed episodes in bipolar-I-disorder. In some countries it is also

approved for therapy of major depression. Aripiprazole is a

partial agonist of dopamine D2 and serotoninergic 5-HT1A

receptors, and an antagonist of serotonin 5-HT2A receptors,

besides its effects on several other neurotransmitter systems in

the central nervous system. Due to the involvement of

dopaminergic mechanisms in the control of motivation,

motivational behavior and reward control, they play a crucial

role in the reinforcement of substance abuse and are therefore an

interesting therapeutic target in alcohol use disorder (Brunetti

et al., 2012).

In a preclinical study of an animal model with alcohol-

preferring AA (Alko, Alcohol) rats, repeated treatment with

aripiprazole significantly reduced alcohol drinking, while

having no effect on the drinking of saccharine solution

(negative control). However, aripiprazole dosages had to be

quite high in order to reduce alcohol drinking and were

therefore accompanied by side effects such as reduced

locomotor activity (Ingman et al., 2006).

Reduction of alcohol consumption following aripiprazole

treatment was observed in another animal study, and showed
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an higher striatal dopamine D2 receptor occupancy in case of

alcohol consumption under aripiprazole treatment (Nirogi et al.,

2013). In addition to these findings, in a preclinical study of

prenatally stressed rats, an animal model for schizophrenia,

aripiprazole led to a significant reduction in anxiety levels and

even achieved effective anxiolysis (Ratajczak et al., 2016).

In a meta-analysis of antipsychotics in the treatment of

primary alcohol use disorder, besides the mainly disappointing

results for other antipsychotics, aripiprazole was associated with

a significant reduction of alcohol consumption regarding heavy

drinking days compared to placebo (Kishi et al., 2013). In a

randomized, double-blind, comparison study of aripiprazole

(5–15 mg) against the established anti-craving agent

naltrexone (50 mg) over a study period of 16 weeks, craving

reduction was found to be better with naltrexone treatment but

alcohol abstinence was of longer duration with aripiprazole. By

the end of the study there was no significant difference in relapse

rate between the two groups and therefore aripiprazole and

naltrexone were considered to be equally effective (Martinotti

et al., 2009). In a review of aripiprazole in the treatment of alcohol

use disorder, it was not only found to be effective for promoting

alcohol abstinence, but also performed well in the reduction of

craving, improved control of impulsive behavior and reduced

alcohol-related psychic symptoms and anxiety (Martinotti et al.,

2016).

On the other hand, a clinical study comparing aripiprazole

against placebo reported negative findings. This multicenter

randomized, double-blind, placebo-controlled study included

295 patients and had a treatment duration of 12 weeks.

Despite aripiprazole titration from 2 mg/d up to a maximum

dose of 30 mg/d at 28 days, no significant difference was found in

abstinence rate between the aripiprazole and placebo groups.

Furthermore, time to first drinking day and heavy drinking day

rate were comparable between groups. Treatment-related side

effects, as well as study discontinuation, were more common in

the aripiprazole group. Even though these results were

disappointing, alcohol consumption per drinking day

decreased in the aripiprazole group, as did the subjective

severity of dependence, and this was accompanied by greater

subjective positive treatment effects with aripiprazole (Anton

et al., 2008). Data on aripiprazole therefore remain insufficient

and conflicting (Brunetti et al., 2012).

However, it seems likely that these conflicting results are a

result of inadequate or incorrect patient-therapy allocation. In a

study of the influence of impulsivity and self-control in patients

with alcohol use disorder using aripiprazole, aripiprazole therapy

was found to be especially beneficial for a subgroup of patients

with poor self-control and high impulsivity (Anton et al., 2017).

Similar results were found in a small randomized, double-blind,

placebo-controlled study of non-treatment seeking alcohol-

dependent patients, where aripiprazole was most effective in

reducing alcohol consumption in the most impulsive patients

with least self-control (Voronin et al., 2008).

These findings are further supported by a pharmacogenetic

study of dopaminergic genetic variations. This study was posited

on the strong interaction between dopamine regulation and

substance abuse, and therefore considered the effect of

variants on treatment outcomes of aripiprazole therapy for

alcohol use disorder. VNTR polymorphisms (variable number

tandem repeat polymorphism) in DAT1/SLC6A3, a gene coding

for a dopamine transporter protein (DAT), as well as functional

polymorphisms in COMT (catechol-O-methyltransferase),

DRD2 (dopamine D2 receptor) and DRD4 (dopamine

D4 receptor) were analyzed in 94 non-treatment seeking

patients with alcohol use disorder. Following randomization

to aripiprazole 15 mg/d or placebo, an fMRI alcohol-cue

reactivity test and alcohol consumption test were conducted.

Aripiprazole was found to reduce alcohol consumption and

alcohol-triggered brain area activation in patients with a

DAT1 9-repeat allele or in patients carrying a high number of

variant alleles for DAT1, COMT, DRD2 and DRD4. All of these

genetic variants are responsible for higher dopamine release and

therefore stronger reward-related brain area activation. To

summarize, these data have unequivocally demonstrated the

influence of dopaminergic genetic variants on the probability

of therapy success with aripiprazole. Therefore, aripiprazole

seems to be a promising therapeutic strategy for patients with

a genetic predisposition for elevated synaptic dopamine tone

(Schacht et al., 2018).

Even though data are still conflicting and more placebo-

controlled clinical trials and pharmacogenetic patient-allocation

studies are needed, aripiprazole seems to have potential as a

second-line therapy for patients with impulsivity and low self-

control or for patients with a genetic predisposition.

3.5.2 Quetiapine
Quetiapine is an atypical antipsychotic drug that undergoes

multiple receptor interactions and modulates several

neurotransmitter pathways. Quetiapine is not only an

antagonist of serotonin 5-HT1A and serotonin 5-HT2A

receptors, but is also an antagonistic of dopamine D1 and

D2 receptors, the histamine H1 receptor and adrenergic

α1 and α2 receptors. Quetiapine is approved for treatment of

schizophrenia, bipolar disorder and unipolar depression. Besides

these approvals, quetiapine is often used off-label in various

therapy trials such as treatment of insomnia, and has been

discussed as a possible treatment for alcohol use disorder (Ray

et al., 2010).

However, while some smaller or open-label studies reported a

decrease in craving and alcohol consumption (Martinotti et al.,

2008; Ray et al., 2011; Brunette et al., 2016), most placebo-

controlled studies or meta-analyses found no evidence that

quetiapine is effective in the treatment of alcohol use disorder

(Kishi et al., 2013). In two different randomized, double-blind,

placebo-controlled clinical trials including patients with bipolar-

disorder and alcohol use disorder, additional quetiapine titrated
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up to 600 mg/d over a study duration of 12 weeks had no effect

on alcohol consumption (Brown et al., 2008, 2014). Although

quetiapine did not influence alcohol consumption, a significant

reduction in depressive symptoms was found in one of the

studies (Brown et al., 2008). In the other study neither alcohol

consumption nor depressive symptoms were reduced by

quetiapine therapy (Brown et al., 2014). Similar results were

found in another randomized, double-blind, placebo-controlled

clinical trial of quetiapine fumarate XR in very heavy drinking

alcohol-dependent patients. While quetiapine had no effect on

craving or drinking, depressive symptoms and sleep disturbances

were significantly reduced (Litten et al., 2012).

Due to the widespread off-label use or misuse of quetiapine

for sleep disturbances, a study was initiated on the subject of sleep

quality in alcohol-dependent patients undergoing quetiapine

fumarate XR therapy and found improved sleep continuity

and reduced insomnia (Chakravorty et al., 2014). In a

secondary analysis of data from a clinical study on patients

with alcohol use disorder, quetiapine was found to

significantly reduce craving but only in a subgroup with

comorbid insomnia (He et al., 2019).

A very interesting subgroup was identified in a randomized,

double-blind, placebo-controlled clinical trial of quetiapine

400 mg/d in the treatment of Type A and Type B alcoholism.

Type B alcoholism is defined as early-onset high severity

dependence, with elevated psychopathology and treatment-

resistance. While quetiapine had no influence on Type A

alcoholism, a significant reduction of craving and alcohol

consumption was found in a subgroup of patients with Type

B alcoholism (Kampman et al., 2007).

Conversely, a double-blind, placebo-controlled study

comparing combined quetiapine-naltrexone therapy with

naltrexone alone did not find any additional effect of

quetiapine on craving or alcohol consumption (Guardia et al.,

2011). Furthermore, due to the widespread off-label use of

quetiapine for sleep disturbances there are now serious safety

concerns regarding the use and frequent misuse of quetiapine

(Kim et al., 2017; Montebello and Brett, 2017).

To summarize, quetiapine shows little promise as a treatment

for alcohol use disorder, even though it may be beneficial in

certain subgroups. Most placebo-controlled clinical trials failed

to produce any evidence supporting a beneficial role of

quetiapine in craving reduction, reduction of alcohol

consumption or in maintaining abstinence (Brown et al.,

2008, 2014; Guardia et al., 2011; Litten et al., 2012). We can

therefore firmly conclude that quetiapine has no application in

the therapy of alcohol use disorder.

3.5.3 Clozapine
Clozapine is an atypical neuroleptic with antipsychotic

effects and multiple neurotransmitter circuit interactions

where clozapine influences not only serotoninergic and

dopaminergic neurotransmission, but also cholinergic,

adrenergic and histaminergic transmission. Due to its

superiority above other antipsychotic medications, clozapine is

mainly used as second-line antipsychotic drug for treatment of

therapy-resistant schizophrenia (Nucifora et al., 2017).

There is weak evidence derived from small retrospective

studies that clozapine may have some benefit in the treatment

of schizophrenia with comorbid substance use disorder, resulting

in a reduction of alcohol consumption due to inhibition of

dysfunctional brain reward circuits (Drake et al., 2000; Green,

2006; Kim et al., 2008). In a retrospective study of alcohol

consumption in schizophrenia, patients treated with clozapine

were more likely to remain abstinent than a group treated with

risperidone (Green et al., 2003). In another non-randomized

clinical study on patients with schizophrenia and substance use

disorder, clozapine was more effective than other antipsychotic

drugs in significantly reducing relapse risk (Brunette et al., 2006).

To date, clozapine has not been evaluated in a randomized,

double-blind, placebo-controlled clinical study for treatment of

alcohol use disorder, but only as a secondary treatment target in

patients with schizophrenia. Although clozapine has beneficial

effects when used for the treatment of schizophrenia with

comorbid alcohol use disorder, the medication is certainly not

a legitimate therapy for the treatment of primary alcohol use

disorder.

3.5.4 Other antipsychotic drugs
Several other antipsychotic drugs such as misulpride,

flupenthixol decanoate, olanzapine and tiapride have been

tested for use in the treatment of alcohol use disorder but

have shown largely disappointing results (Kishi et al., 2013;

Grunze et al., 2021). For better evaluation more studies

should be conducted (Salloum and Brown, 2017).

3.6 Antidepressants

In patients with alcohol use disorder and comorbid

depression, and vice versa, both psychiatric disorders require

psychotherapeutic and pharmacological intervention because

therapeutic progress or relapse in one may influence

treatment outcomes of the other psychiatric disorder. Besides

this obvious recommendation regarding treatment of the

comorbidity and a very vague indication for SSRIs that may

result in a small reduction of alcohol consumption, the overall

evidence for use of antidepressants in the treatment of alcohol

use disorder in non-depressed patients is very limited (Le Fauve

et al., 2004; Nunes and Levin, 2004).

In a retrospective population-based cohort study, the use of

selective serotonin reuptake inhibitors (SSRI’s) was associated

with a reduction of hepatocellular carcinoma (HCC) risk in

patients with alcohol use disorder in a cumulative dose effect

manner (Chen et al., 2021). In another cohort study of patients

with post-traumatic stress disorder (PTSD) and alcohol use
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disorder (AUD), the use of SSRIs resulted in a significant

reduction of alcohol-related emergency department visits and

alcohol-related medical hospitalization (Naglich et al., 2019). In a

comparative study of noradrenergic versus serotonergic

antidepressants on drinking and depressive outcomes for

patients with alcohol use disorder (AUD) and co-occurring

depression and/or PTSD, the study results showed that

drinking outcome depended on the comorbid psychiatric

disorder (Na et al., 2021). Beneficial effects of antidepressants

for treatment of alcohol use disorder with co-occurring

depression have been shown in several meta-analyses (Agabio

et al., 2018). The antidepressants considered in the studies of this

meta-analyses were amitriptyline, citalopram, desimipramin,

doxepin, escitalopram, fluoxetine, fluvoxamine, imipramine,

mianserine, mirtazapine, nefazodone, paroxetine, sertraline,

tianepine, venlafaxine and vilofaxine (Agabio et al., 2018). In

a meta-analysis of SSRIs for treatment of depression, anxiety and

PTSD in patients with substance use disorder, a significant

reduction was found for anxiety and depressive symptoms, in

addition to a reduced alcohol craving and consumption (Fluyau

et al., 2022). In contrast to the results of a meta-analysis of

antidepressants in the treatment of substance use disorders,

isolated treatment of alcohol use disorder in the absence of

comorbid depression was not felt to be justified (Torrens

et al., 2005).

These conflicting results could be due to the different

treatment responses to serotonergic pharmacotherapy of type

A and type B alcohol use disorder patients. In a placebo-

controlled study with sertraline (200 mg/d over a 3-month

treatment period), a significant effect was only detectable in

type A alcohol use disorder, but not in type B (Dundon et al.,

2004). Therefore, further preclinical and clinical studies,

especially regarding serotonergic pharmacotherapy (e.g., SSRI)

and differentiation by patient subtype such as type A versus type

B alcohol use disorder, should be performed in the future

(Pettinati et al., 2000; Kranzler et al., 2012b). Furthermore,

pharmacogenetic differences may also play a role and deserve

further consideration in studies of improved treatment allocation

via personalized medicine (Kranzler et al., 2012a). Results for use

of antidepressants in treatment of alcohol use disorder are still

conflicting and needs further investigation, especially for better

treatment allocation with differentiation for type A and B alcohol

use disorder or depending on psychiatric comorbidity.

3.7 Lithium

Even though lithium, a monovalent cation from the group of

alkali metals, is an effective treatment for bipolar disorder,

depression (generally in combination with antidepressants),

psychosis and schizophrenia, several studies and a meta-

analysis did not find a significant effect of lithium on alcohol

consumption and craving. Lithium is therefore not an effective

treatment for alcohol use disorder (Lejoyeux and Adès, 1993),

and no further investigations regarding alcohol use disorder have

been undertaken.

3.8 Neuropeptides

Neuropeptides are endocrine neurosecretory peptide

hormones and paracrine-acting co-transmitters in the central

and peripheral nervous systems. Due to their neuromodulation

of stress- and anxiety-related behavior and interactions with

pathogenetic factors of alcohol use disorder, they may well be

useful in the treatment of alcohol use disorder. Several

neuropeptides have been identified as potential treatments of

alcohol use disorder, including neuropeptide Y, corticotropin-

releasing factor, neuropeptide S, and atrial natriuretic peptide

(ANP) (Thorsell, 2010; Rodriguez and Coveñas, 2017; Hauser

et al., 2020).

3.8.1 Neuropeptide Y
Neuropeptide Y is involved in the modulation of several

different effector systems, such as water and food intake

regulation, control of mood and anxiety-related behavior, as

well as vascular vasoconstriction and central autonomic

functions. Neuropeptide Y acts on Y1-Y6 receptors, a group

of at least six different G-protein coupled receptors, and co-

secretion of neuropeptide Y with common neurotransmitters

such as GABA, adrenaline and noradrenaline has a variety of

modulating effects on neurotransmission (Grundemar and

Håkanson, 1994; Boric et al., 1995). By activating Y1 and

Y2 receptors in the central and basolateral amygdala,

neuropeptide Y reduces the sensation of fear (Tasan et al.,

2016). Due to the effects of neuropeptide Y on stress-level

regulation, emotionality and mood control, as well as its

anxiolytic properties as shown in several preclinical studies,

together with its involvement in neurobiological responses to

alcohol consumption and the pathogenesis of alcohol use

disorder and withdrawal, neuropeptide Y may be a new

treatment strategy not only for alcohol use disorders but also

for depression and emotional and anxiety disorders (Heilig and

Thorsell, 2002; Carvajal et al., 2006; Tasan et al., 2016).

In preliminary rodent studies, neuropeptide Y suppressed

alcohol-induced inhibitory GABA release in central amygdala

neurons and thus reduced the alcohol-reinforcement response

in alcohol use disorder (Gilpin et al., 2011). The importance of

neuropeptide Y for the pathology of this disease became

evident in mice with a neuropeptide Y (NPY) gene

deletion, as these mice exhibited high anxiety levels and a

high alcohol-drinking phenotype (Gilpin, 2012).

Furthermore, chronic alcohol consumption, as well as

withdrawal, produces changes in neuropeptide Y release

and Y receptor expression in the central nervous system

such as the basal neuropeptide Y secretion deficits seen in
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the central amygdala of alcohol-preferring rats (Gilpin, 2012;

Robinson and Thiele, 2017). In several preliminary rodent

studies, infusion of neuropeptide Y, a Y1 receptor (Y1R)

agonist and a Y2 receptor (Y2R) antagonist, into the

central and extended amygdala significantly reduced

alcohol consumption and binge-like ethanol drinking in

treated rodents. Neuropeptide Y and its derivates therefore

seem to be a promising new therapeutic strategy for reducing

binge-like alcohol consumption, preventing progression from

harmful alcohol use towards alcohol use disorder, as well as

for the treatment of alcohol use disorder (Gilpin, 2012;

Sparrow et al., 2012; Robinson and Thiele, 2017). In view

of these promising results, more preclinical studies are needed

in order to further evaluate the therapeutic potential of

neuropeptide Y in the treatment of alcohol use disorder.

Because no clinical study results are currently available,

clinical studies in humans may also be justified.

3.8.2 Neuropeptide S
Neuropeptide S is produced by neurons in many different

human brain areas, but mainly in the amygdala region.

Neuropeptide S binds specifically to the neuropeptide S

receptor (NPSR), a G-protein coupled receptor (Reinscheid

and Xu, 2005). Besides its stimulatory effect, expressed as

reinforced wakefulness, hyperactivity and suppression of

appetite, neuropeptide S also showed an anxiolytic effect in

several rodent studies (Rizzi et al., 2008). In addition,

neuropeptide S seems to play a role in the pathogenesis of

alcohol use disorder and relapse risk after alcohol

detoxification. In a rodent study, alterations in neuronal

neuropeptide S receptor (NPSR) expression after alcohol

intoxication were found, with an especially strong NPSR

upregulation during alcohol withdrawal and prolonged

abstinence. Furthermore, intracerebroventricular

administration of neuropeptide S showed a more pronounced

anxiolytic effect in alcohol-dependent rodents undergoing

prolonged abstinence compared to control animals (Ruggeri

et al., 2010). Genetic variants of NPSR1 in humans, such as

the functional polymorphism p (Asn107lle) (rs324981, A>T),
have a significant effect on alcohol consumption and risk of

alcohol use disorder, effects that can be modified by sex, age and

environmental factors (Laas et al., 2015). Taken together, these

results suggest that the neuropeptide S regulation system and its

receptors may be of interest in the treatment of alcohol use

disorder. On the other hand, a study in which rodents were

administered neuropeptide S found divergent results regarding

alcohol seeking and consumption, with outcomes dependent on

the genetic background of the rodent. Neuropeptide S may

therefore only find use in the context of genetic variants

predisposing to high alcohol consumption and, due to its

anxiolytic activity, with comorbid high anxiety and

depression-like symptoms (Cannella et al., 2016). Due to still

limited data, no firm conclusions can be drawn at the moment,

but further investigation of neuropeptide S and NPSR genetic

variants in relation to alcohol use disorder appears justified.

3.8.3 Corticotropin-releasing
factor–antagonists

Corticotropin-releasing factor (or corticotropin-releasing

hormone) is a peptide hormone involved in the regulation of

the physiological stress response, and is released by neurons in

the paraventricular nucleus of the hypothalamus. Corticotropin-

releasing factor (CRF) binds two distinct corticotropin-releasing

factor receptors, CRF1R and CRF2R, which can also bind other

peptide ligands including three urocortins, Ucn1, Ucn2 and

Ucn3, belonging to the corticotropin-releasing factor family

(Ryabinin and Giardino, 2017). Preclinical data has

demonstrated the relevance of the CRF signaling system to

alcohol consumption and the pathophysiology of dependence,

especially in relation to the transition from alcohol binge-

drinking towards alcohol use disorder. As this appears to be

related to the neuronal plasticity of CRF regulation, these

neuroadaptative changes are a promising treatment target in

alcohol use disorder (Phillips et al., 2015; Ryabinin and Giardino,

2017). Furthermore, genetic polymorphism of the CRF system

have been linked to a human phenotype characterized by a risk of

drug use that interacts with a stress stimulus or a stressful

personal history, a risk especially relevant to alcohol use

disorder (Zorrilla et al., 2014). Various antagonistic ligands of

CRF receptors have been identified that can now be evaluated in

preclinical studies for possible applications in the treatment of

alcohol use disorder (Zorrilla et al., 2013). Indeed, preclinical

studies have shown that CRF antagonists can significantly reduce

emotionality, excessive drinking behavior and stress-induced

alcohol seeking in animals with alcohol dependence (Heilig

and Koob, 2007). Furthermore, a significant reduction of

excessive alcohol consumption, as well a reduced relapse risk

in case of occurrence of a stressful event, could be shown. Even

though investigations have mainly focused on CRF1R

antagonists, some evidence suggests that CRF2R may also be

useful in the treatment of alcohol use disorder (Lowery and

Thiele, 2010). However, despite promising preclinical results in

animal models, translation to humans was not successful, as

shown by initial small clinical studies. One double-blind,

placebo-controlled clinical study of verucerfont (GSK-

561,679), a CRF1 receptor antagonist, 350 mg/day, found no

significant reduction of alcohol craving related to stress-, alcohol-

or neutral stimuli. Besides a higher discontinuation rate in

patients treated with verucerfont, no other clinical efficacy in

the treatment of alcohol use disorder was evident (Schwandt

et al., 2016). A randomized, double-blind, placebo-controlled

clinical inpatient study, including 54 patients with alcohol use

disorder, examined the CRF1 antagonist pexacerfont (BMS-

562,086) at 300 mg/day for 7 days, followed by 100 mg/day

23 days, but found no effect on alcohol craving, emotional

response or anxiety. According to the authors of the study,
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this lack of efficacy could be due to the fast dissociation of the

antagonist from the receptor, and led to a proposal to evaluate

slow-offset CRF1 antagonists in clinical trials (Kwako et al.,

2015). Despite the discrepancies between preclinical and

clinical studies, which may be due to study design or the

pharmacokinetics of the antagonist in question, the CRF

regulation system seems to play a crucial role in alcohol use

disorder. Further investigations and preclinical and clinical trials

are now needed in order to better evaluate the therapeutic

potential of the CRF system as a treatment target for alcohol

use disorder (Pomrenze et al., 2017; Schreiber and Gilpin, 2018).

The role of neurobiological sex differences in alcohol use disorder

also deserves more attention (Flores-Bonilla and Richardson,

2020).

3.8.4 Oxytocin
The neuropeptide hormone oxytocin is mainly produced

in the paraventricular nucleus of the hypothalamus and

released by its neuronal axons in the posterior pituitary.

Oxytocin plays a crucial role in childbirth during the

peripartal and postpartal period, promoting uterine

contraction and breastfeeding. It also has roles in social

and sexual behavior, emotional control, and regulation of

the stress response via the hypothalamic-pituitary-

adrenocortical axis (Froemke and Young, 2021; Marsh

et al., 2021). Besides these known effects, oxytocin may be

useful in alcohol use disorder, potentially reducing alcohol

craving and relapse risk by lowering anxiety and stress levels,

as well as by reducing social withdrawal and enhancing

prosocial behavior. The mechanism of action is still largely

unknown, but may be due to inhibition of the interaction of

growth hormone-releasing factor with GABAergic

interneurons in the amygdala (Lee and Weerts, 2016;

Faehrmann et al., 2018). The involvement of oxytocin in

the pathogenesis of alcohol use disorder has been shown in

post-mortem analysis of human brain, where disruption of the

oxytocin regulation system was found (Lee et al., 2017).

Another study on rat and human brain showed an

upregulation of oxytocin receptor in the frontal and striatal

brain area and a reduction of oxytocin expression in the

hypothalamus of individuals with alcohol use disorder

(Hansson et al., 2018). Furthermore, besides typical alcohol

embryopathy, alcohol consumption during pregnancy may

disrupt the fetal oxytocin system and therefore confer a

prenatal risk for development of alcohol use disorder in

later life (Holman et al., 2018). In light of these data,

oxytocin seems to present an interesting new therapeutic

opportunity.

In a study using a binge-like alcohol-drinking mouse

model, oxytocin produced a dose-dependent reduction in

alcohol-consumption of up to 45%, and appeared to reduce

alcohol seeking behavior without altering general fluid intake

(King et al., 2017). In another study of mice with alcohol use

disorder, a dose-dependent reduction of alcohol seeking and

reduced relapse risk upon stress stimulus was shown after

intraperitoneal injection of oxytocin (King and Becker,

2019). These results were reproduced in a rat model that

showed a significant reduction of alcohol consumption

following intraperitoneal or intranasal application of

oxytocin (Tunstall et al., 2019). Conversely, a study on

prairie voles found a detectable reduction of alcohol

consumption lasting only 1 h after oxytocin

administration (Stevenson et al., 2017).

In contrast to the very promising preliminary results of

animal studies, translation to human studies of alcohol use

disorder has so far been difficult and has produced

inconclusive or conflicting results. For example, one

randomized, double-blind, placebo-controlled study

reported a significant reduction of withdrawal symptoms

with intranasal oxytocin (24 IE) as well as a reduced need

for lorazepam (Pedersen et al., 2013). However, no such effect

was detectable in another randomized, double-blind, placebo-

controlled study (Mitchell et al., 2016). In a laboratory study

of healthy social drinkers, oxytocin caused a reduction of

functional connectivity in the nucleus accumbens visualized

by fMRI during the alcohol-cue reactivity test, and had an

inhibitory effect on craving (Bach et al., 2019). Furthermore,

in a placebo-controlled clinical trial including patients with

post-traumatic stress disorder (PTSD) and comorbid alcohol

use disorder, intranasal oxytocin 40 IE caused a reduction of

cortisol hormone reactivity during a stress test, but did not

show any effect on subjective alcohol craving (Flanagan et al.,

2019). In a randomized, double-blind, placebo-controlled

clinical study of oxytocin in alcohol use disorder, patients

showed a better social perception but no general reduction of

craving. Nevertheless, if only a subgroup of patients with

alcohol use disorder and comorbid anxiety disorder were

considered, a significant reduction of alcohol craving was

achieved (Mitchell et al., 2016). During no study were

significant side effects reported concerning oxytocin

compared with placebo, and a review on the safety and side

effects of general use concluded that oxytocin has an excellent

safety profile (MacDonald et al., 2011).

In conclusion, the failure to demonstrate an effect of

oxytocin in humans in relation to treatment of alcohol use

disorder, despite the very promising results from rodent

studies, may be due to problems with study designs or due

to the extremely short half-life of oxytocin (5–30 min). A

reduction of craving and alcohol consumption may only be

detectable shortly after oxytocin administration, as suggested

by one rodent study (Stevenson et al., 2017). Despite these

failures, oxytocin may still have considerable potential in the

treatment of alcohol use disorder if pharmacokinetic

problems can be solved (Ryabinin and Zhang, 2022), or if

oxytocin could find use as an “as needed”medication for rapid

reduction of alcohol consumption.
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3.9 PF-05190457: Ghrelin receptor inverse
agonist

Ghrelin is an orexigenic gastrointestinal peptide hormone,

produced in neuroendocrine gastric parietal cells, with a role

in the regulation of appetite, food intake, energy homeostasis

and blood sugar control (Leggio, 2010; Farokhnia et al., 2018).

Ghrelin also modulates reward and stress-regulatory

pathways implicated in the pathogenesis of substance use

disorder, suggesting that it may be useful in the treatment

of alcohol use disorder (Zallar et al., 2017). Furthermore,

several preclinical tests have shown a connection between

the ghrelin regulation system and ethanol. Alcohol

administration affects ghrelin serum levels and, inversely, a

high ghrelin level leads to intensified alcohol craving. This

finding points to a possible new pharmacological target in the

treatment of alcohol use disorder (Leggio, 2010; Zallar et al.,

2017). An inverse ghrelin receptor agonist, such as PF-

05190457, which binds to the growth hormone

secretagogue receptor (GHSR), may be useful for

therapeutic purposes. Preliminary human pharmacokinetic

and pharmacodynamic studies of PF-05190457, the first

oral ghrelin receptor inverse agonist, showed that the

compound is well tolerated in daily oral dosing and shows

fast intestinal absorption, with plasma peak concentrations at

0.5–3 h and a half-life of 0.5–3 h following oral

administration. PF-05190457 mediates the dose-dependent

blockade of ghrelin action and leads to a reduction of

gastric emptying and postprandial glucose levels. Besides a

discrete elevation of heart rate of 13.4/min and occasional

somnolence, PF-05190457 was well tolerated and did not

show any severe adverse events (Denney et al., 2017).

Furthermore, alcohol did not influence the pharmacological

proprieties and plasma concentration of PF-05190457, and

conversely, PF-05190457 did not alter alcohol absorption,

concentration or elimination (Lee et al., 2020b). A placebo-

controlled human laboratory study of heavy drinkers showed

that PF-05190457 has no other endocrine effects and does not

disturb any other blood hormone level (Lee et al., 2020a). In

preclinical rodent studies, ghrelin administration increased

alcohol consumption, whereas genetic ghrelin receptor

knockout reduced alcohol consumption, while

pharmacological ghrelin receptor blockade using PF-

05190457 caused a significant reduction of alcohol craving

and consumption (Farokhnia et al., 2019). In a placebo-

controlled, single-blind, within-subject human laboratory

study of heavy alcohol-drinking individuals, oral

administration of 100 mg PF-05190457 significantly

reduced alcohol craving during the alcohol cue-reactivity

test (Lee et al., 2020b). Despite the very limited preclinical

and clinical data, the ghrelin system seems to be a quite

interesting potential target for further studies, and use of

an inverse ghrelin receptor antagonist has shown promising

preliminary results in the treatment of alcohol use disorder.

Further preclinical rodent studies, as well as clinical studies,

are needed to fully evaluate therapeutic potential.

3.10 NMDA receptor modulators

The NMDA receptors (N-methyl-D-aspartate receptors), a

special subgroup of glutamate receptors, play a crucial role in

regulation of alcohol drinking behavior. Several medications that

modulate NMDA receptors activity are have been investigated

for therapeutic use in alcohol use disorder (Vengeliene et al.,

2005).

3.10.1 Memantine
Memantine is a selective, non-competitive NMDA receptor

antagonist, with moderate binding affinity, that also shows

interactions with several other neurotransmitter systems.

Memantine is approved for symptomatic treatment of

Alzheimer’s disease. Besides its use in dementia, memantine

has been investigated in relation to several other psychiatric

disorders such as major depression, schizophrenia, bipolar

disorder or anxiety disorder, mainly with disappointing or

inconclusive results (Sani et al., 2012).

A variety of preclinical rodent studies of memantine for

treatment of alcohol use disorder have been performed. These

showed that memantine successfully reduces alcohol

consumption but not impulsivity in alcohol-preferring mice

(Oberlin et al., 2010), disrupts conditioned behavior to drug-

related stimuli, (Vengeliene et al., 2015), and can reduce anxiety-

like behavior of rats during alcohol withdrawal (Yuanyuan et al.,

2018). In a rodent study of alcohol-dependent and non-

dependent rats, memantine achieved a long-lasting (30 h)

reduction in alcohol consumption in alcohol-dependent rats,

as well as short-lasting (6 h) complete alcohol cessation in non-

dependent rats. Because memantine seems to show a

potentiation of alcohol effect but does not affect motivational

behavior, this medication is unlikely to be suitable for the

prevention of alcohol relapse but may have a role in alcohol-

replacement therapy (Alaux-Cantin et al., 2015). In humans,

memantine seems to be well tolerated, even in combined

consumption with alcohol, and appears to mimic an alcohol-

like effect (Bisaga and Evans, 2004).

Unfortunately, data from human clinical trials are very

inconsistent. In a study of healthy, non-alcohol-dependent

volunteers receiving memantine under electroencephalography

(EEG) control, altered NMDA receptor function was found in

non-alcohol-dependent volunteers with a positive family history

of alcoholism versus volunteers without alcoholism in the family

(Narayanan et al., 2013). Conversely, another placebo-controlled

clinical study, using 20 mg/d memantine, found no effect of

family history on treatment outcome. In this study, memantine

was unable to reduce alcohol consumption despite a significant
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reduction in craving. Interestingly, patients with high impulsivity

drank more alcohol under memantine treatment despite a

subjective reduction in craving (Krishnan-Sarin et al., 2015).

Even in the case of craving, data is conflicting. While in the

former study a significant reduction of craving was found

(Krishnan-Sarin et al., 2015), in a randomized, double-blind,

placebo-controlled clinical study comparing memantine 20 mg/d

and 40 mg/d against placebo, a significant alcohol cue-induced

craving reduction was evident, but no effect on craving was found

prior to alcohol-cue stimulus under memantine treatment

(Krupitsky et al., 2007).

Divergent results have also been reported concerning alcohol

consumption and abstinence. While one open-label study (without a

placebo control) of memantine as an supplementary treatment for

bipolar disorder with comorbid alcohol use disorder found a

significant reduction in alcohol consumption (Lee et al., 2018),

other studies have reported an inverse effect. In a randomized,

double-blind, placebo-controlled treatment trial of memantine

40 mg/d versus placebo in 34 patients with alcohol use disorder

(duration 16 weeks), memantine showed no effect at all. Conversely,

a significantly higher abstinence rate and fewer heavy drinking days

were noted in the placebo group. Apart from significantly more side

effects, memantine failed to show any other effect (Evans et al., 2007).

In conclusion, memantine appears to have no application in the

reduction of alcohol consumption or in the general treatment of

alcohol use disorder. However, memantine might find a use in

psychotherapeutic alcohol-cue stimuli deconditioning therapy that

aims to pharmacologically disrupt conditioned behavior due to

drug-related stimuli. Although further clinical trials are justified,

memantine is clearly not useful as a classic anti-craving drug.

3.10.2 Ifenprodil
Ifenprodil is a non-competitiveNMDA receptor antagonist with

particular binding affinity for the GluN1 and GluN2B subunits

(glycine-binding NMDA receptor subunit), as well as a G-protein-

activated inwardly rectifying potassium (GIRK) channel inhibitor

(GIRK inhibitor). Furthermore, ifenprodil interacts with several

other neurotransmitter regulation systems and receptors such as

alpha1-adrenergic receptors, serotonin receptors and sigma

receptors (Kobayashi et al., 2006).

In an early rodent model study, ifenprodil successfully

suppressed the severity of alcohol withdrawal and reduced

alcohol-related behavioral changes in mice, which led to

proposed clinical trials for treatment of alcohol use disorder

(Malinowska et al., 1999).

Similar results were found in a study on NMDA receptor

antagonists, where ifenprodil has shown to effectively reduce

relapse-related behavior in long-term alcohol drinking rats

during an alcohol deprivation experiment (Vengeliene et al.,

2005). In a prospective, randomized, controlled, rater-blinded

study of 68 patients with alcohol use disorder, ifenprodil

60 mg/d for 3 months significantly reduced both alcohol

consumption and heavy drinking days (Sugaya et al., 2018).

In order to evaluate the clinical applicability and effectiveness

of ifenprodil in alcohol-dependent patients, further randomized,

double-blind, placebo-controlled clinical trials are needed.

3.10.3 Other NMDA receptor modulators
Several other NMDA receptor modulators such as

hemantane (Kolik et al., 2017) or ketamine (Jones et al., 2018)

have been preclinically or clinically tested in alcohol use disorder

or are still under investigation. Hemantane, a low-affinity non-

competitive NMDA-receptor antagonist, was evaluated in DBA/

2 mice model of alcoholism and was found to attenuate alcohol-

seeking behavior after acute withdrawal (Kolik et al., 2017). In a

systematic review on ketamine in treatment of substance use

disorder, data suggests ketamine to facilitate abstinence across

multiple substances, as well as in alcohol use disorder (Jones

et al., 2018). For better evaluation more studies should be

conducted (Ivan Ezquerra-Romano et al., 2018).

3.11 Opioid system modulators

Besides the already well-established first-line anti-craving

opioid receptor antagonists naltrexone and nalmefene, several

other substances with opioid receptor activity or interactions

with the endogenous opioid system are under investigation for

treatment of alcohol use disorder (Hillemacher et al., 2011).

3.11.1 Samidorphan
Samidorphan (ALKS-33) is a μ-opioid receptor antagonist

developed and investigated for the treatment of various

psychiatric disorders such as major depression,

schizophrenia, binge-eating disorder and alcohol use

disorder (Chaudhary et al., 2019).

While the medication shows promising effects for

treatment of major depression, especially as a combination

product (ALKS-5461) of buprenorphine/samidorphan,

(Ehrich et al., 2015), the results with binge-eating disorder

were disappointing, showing no significant effect of

samidorphan (McElroy et al., 2013). Due to its favorable

side effect profile, where somnolence was found to be the

most common treatment-related adverse event, together with

a small abuse risk, samidorphan is an interesting candidate for

clinical trials on alcohol use disorder (Turncliff et al., 2015;

Pathak et al., 2019). In a phase 2, randomized, double-blind,

placebo-controlled clinical trial, patients with alcohol use

disorder were treated with samidorphan (1, 2.5, 10 mg/d or

placebo) over a study duration of 12 weeks. Even though the

primary endpoint, the percentage of subjects with no heavy

drinking days, did not show any difference compared to

placebo, samidorphan treatment led to a significant reduction of

alcohol craving and consumption, as well as a lower drinking risk

level (O’Malley et al., 2018). For treatment of schizophrenia with

comorbid alcohol use disorder, a phase 2, randomized, double-blind
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clinical trial of olanzapine-samidorphan combined therapy is still

ongoing (Citrome et al., 2019).

In order to evaluate the therapeutic potential of samidorphan

as an anti-craving drug in the treatment of alcohol use disorder,

as well as to compare it to established therapeutic options, further

randomized, placebo-controlled, clinical trials are needed.

3.11.2 Ondelopran
Ondelopran (LY2196044) is a non-selective opioid

receptor antagonist that interacts with endogenous opioid-

mediated reward pathways and was therefore developed for

treatment of alcohol use disorder.

In order to assess its anti-craving potential, a multicenter,

randomized, double-blind, placebo-controlled phase 2 clinical

trial was conducted over a period of 16 weeks with

375 treatment-seeking patients with alcohol use disorder. The

patients were either treated with LY2196044 at dosages of

125 mg/g or 150 mg/d, or received placebo. Even thought there

was no significant difference in the percentage of heavy drinking

days between treatment or placebo groups, a significant reduction of

alcohol consumption (number of drinks per day) was found.

An even better response to LY2196044 treatment was

detected in patients who were previously identified as carriers

of a genetic VNTR-L (variable number tandem repeat) in the

dopamine D4 receptor, a receptor mainly located in frontal lobe,

hippocampus and amygdala. In this study the safety profile of

LY2196044 was evaluated and found to be equivalent to other

opioid receptor antagonists (Wong et al., 2014).

In contrast, pharmacokinetic-pharmacodynamic investigations

with physiologically-based absorption modeling found that

LY2196044 shows a very high intersubject variability. The

variability of plasma concentration time profiles in the

absorption phase could not be explained by prior in vitro

measurements. It was therefore concluded that the negatively-

affected permeability and gastrointestinal transit was likely due to

opioid receptor antagonism of intestinal receptors by the drug itself,

explaining high intersubject variability (Ding et al., 2013).

To date, no further investigations or clinical trials have been

undertaken to re-evaluate possible clinical use of LY2196044 for

treatment of alcohol use disorder.

3.12 Vasopressin receptor antagonists

3.12.1 ABT-436
ABT-436 is a potent and orally-active arginine vasopressin

type 1B receptor antagonist (V1B antagonist) with high binding

selectivity. ABT-436 was developed for the treatment of anxiety

disorders, major depression and alcohol use disorder due to its

modulatory effect on HPA axis activity and stress level

regulation.

Evaluating its anti-depressive properties, a randomized,

placebo-controlled, phase 1b clinical trial showed rather

disappointing results, finding significantly more drug-related

adverse effects than placebo but with no measurable anti-

depressive effect according to the Hamilton Depression Rating

Scale (HAM-D-17) (Katz et al., 2017). Despite its impact on blood

pressure and pulse rate regulation, as well as causing several HPA

axis hormone interactions, ABT-436 was found to be safe for use in

humans (Katz et al., 2016a). ABT-436 also showed no

pharmacokinetic or pharmacodynamic interactions with alcohol

(Katz et al., 2016b).

In a phase 2, randomized, double-blind, placebo-

controlled 12-week clinical trial including 150 patients with

alcohol use disorder, ABT-436 was titrated up to 800 mg/d for

evaluation of impact on alcohol consumption. While the

primary study outcome, percentage of heavy drinking days,

was lower, it did not reach statistical significance upon ABT-

436 treatment compared to placebo, whereas the secondary

endpoint, the percentage of abstinent days, significantly

increased with ABT-436 treatment. Unfortunately, no other

alcohol drinking measure, alcohol craving or alcohol-related

outcome differed between the therapeutic and placebo

group. In a subgroup analysis, the medication showed a

better performance for high stress level alcohol-dependent

patients (Ryan et al., 2017).

Probably due to these not entirely convincing results, further

development and testing beyond phase 2 was discontinued.

3.12.2 SSR149415
SSR149415 is a selective and orally-active non-peptide

vasopressin type 1B receptor antagonist (V1B antagonist) that

has shown anxiolytic and antidepressant effects in

preliminary rodent model trials (Griebel et al., 2002;

Overstreet and Griebel, 2005). In an animal model of

alcohol-preferring rats, the stress-responsive arginine

vasopressin (AVP)/V1B receptor system was found to play

a crucial role in the regulation of alcohol-drinking behavior.

SSR149415 blocked stress-induced drug-seeking behavior in

treated rats and therefore caused a significant reduction of

alcohol consumption (Zhou et al., 2011). In another rodent

model of excessive alcohol-drinking mice, SSR149415 was

again shown to reduce alcohol consumption and was

furthermore tested in combination with the established

anti-craving medication naltrexone. The combined

administration of SSR149415 and naltrexone reduced

alcohol consumption much more efficiently, and at

therapeutic doses lower than the individual single doses

needed to achieve the same reduction in consumption.

SSR149415 has therefore proven effective for treatment of

excessive alcohol drinking in a mouse model, and has also

shown a synergistic effect in co-therapy with naltrexone

(Zhou et al., 2018).

Nevertheless, clinical trials have never been conducted in

humans and further investigation and development of

medications has been discontinued.
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3.13 Mifepristone

Glucocorticoid hormones such as cortisol play a crucial role not

only in the dysregulation of stress-response regulating systems like the

hypothalamic-pituitary-adrenal (HPA) axis, they also play a crucial role

in the genesis of several psychiatric diseases (Howland, 2013). This led

to the evaluation of the progesterone and type II glucocorticoid

receptor antagonist, mifepristone, for potential in the therapy of

alcohol use disorder (Vendruscolo et al., 2012; Repunte-Canonigo

et al., 2015). In several preclinical studies of a rat model of alcohol use

disorder, administration of mifepristone significantly reduced alcohol

withdrawal symptoms and hyperexcitability (Jacquot et al., 2008;

Sharrett-Field et al., 2013) as well as reducing alcohol-induced

neurodegeneration, resulting in lower memory deficits (Jacquot

et al., 2008; Cippitelli et al., 2014). Furthermore, a dose-dependent

reduction of voluntary alcohol consumption following pre-treatment

with mifepristone was shown in another rodent study, whereas pre-

treatment with the mineralocorticoid receptor antagonist

spironolactone had no effect (Koenig and Olive, 2004). In contrast

to these promising results, a non-human primate study of the effects of

mifepristone on alcohol-seeking and self-administration in adult

baboons produced very disappointing results. Not only did the

pharmacokinetics of mifepristone prove non-linear and appeared

capacity-limited, no effect on alcohol seeking and consumption

behavior was noted (Holtyn and Weerts, 2019). On the other hand,

a double-blind, placebo-controlled clinical trial with 56 alcohol-

dependent patients found that mifepristone 600mg/d was effective

in the reduction of alcohol cue-induced craving and alcohol

consumption during the 1-week treatment and 1-week post-

treatment phase (Vendruscolo et al., 2015). Despite the small

number of participants and short study duration, the results are

interesting and deserve further investigation. Indeed, new and larger

studies of mifepristone are currently being conducted

(NCT02243709 and NCT02989662) (Donoghue et al., 2016).

Even though some study results seem promising and deserve

further investigation, concerns regarding misuse of mifepristone

should be considered when determining clinical applicability. In

gynaecology, the progesterone antagonist effect of mifepristone is

exploited to achieve drug-mediated abortion of pregnancy, and at the

same dosage (600mg) used in the treatment of alcohol use disorder.

Uncontrolled supply of mifepristone to the alcohol-dependent, with

the concomitant risk of unintended use, would lead to a significant

rise in illegal abortion of pregnancy. Therefore, this drug should only

be taken under visual supervision of a medical expert.

3.14 Ibudilast

Ibudilast is a non-selective phosphodiesterase (PDE)

inhibitor that mainly inhibits the PDE4 subtype, but also acts

on PDE3, PDE10 and PDE11. Its anti-inflammatory property is

based on suppression of pro-inflammatory cytokines,

upregulation of anti-inflammatory cytokines and interaction

with several other immune-active cells and transmitters.

Ibudilast is mainly used for treatment of bronchial asthma

(Schwenkgrub et al., 2017).

In several studies, drugs of abuse have been found to induce

neuroinflammatory signals through interaction with microglia

and astrocytes and therefore disrupt glutamate homeostasis

(Bachtell et al., 2017). Due to its anti-neuroinflammatory

properties, ibudilast has been proposed and investigated for

treatment of substance use disorders (Crews et al., 2017;

Schwenkgrub et al., 2017; Kohno et al., 2019).

The ability of ibudilast to reduce alcohol consumption has

been investigated in several preliminary rodent studies, where it

was shown that heavy-alcohol drinking rats reduce alcohol

consumption by approximately 50% with dosages that did not

affect non-dependent animals (Bell et al., 2015).

In humans, ibudilast was first tested in a randomized, double-

blind, placebo-controlled clinical study of non-treatment seeking

patients with mild to severe alcohol use disorder. Participants

received 50 mg ibudilast twice a day or a corresponding placebo,

but unfortunately no medication effect was found regarding

subjective responses to alcohol stimulus such as a reduction of

alcohol craving. In a secondary data analysis for depressive

symptomatology, ibudilast was found to significantly reduce

alcohol craving (Ray et al., 2017).

Even though the available evidence is still weak and only one

randomized, double-blind, placebo-controlled study has been

conducted in humans, further investigation of the use of ibudilast

in the treatment of alcohol use disorder seemsworthwhile, especially

in patients with comorbid depressive symptomatology.

3.15 Citicoline

Citicoline (cytidine 5′-diphosphocholine) is an intermediate

product in the biosynthetic pathway of structural cell membrane

phospholipids such as phosphatidylcholine, a major component of

biological membranes. Due to its importance in neuronal cells,

citicoline increases brain metabolism and interacts with several

different neurotransmitters, leading to an increase of dopamine

levels in the central nervous system. Furthermore, citicoline

influences neuronal membrane Na+/K + ATPase and

mitochondrial ATPase, as well as inhibiting cellular apoptosis

and potentiating neuroplasticity (Secades and Lorenzo, 2006).

In addition to many other therapeutic applications, citicoline

has been investigated as a treatment for substance use disorder

(Wignall and Brown, 2014; Shen, 2018b). In various randomized,

double-blind, placebo-controlled clinical studies of patients with

bipolar disorder and comorbid cocaine addiction, citicoline was

shown to significantly reduce cocaine consumption, although in one

study a habituation effect with continual effect reduction was shown

(Brown et al., 2007, 2015). Citicoline has also been tested in other

substance use disorders, such as methamphetamine dependence

with comorbid bipolar or unipolar depression, although the drug did
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not lead to a reduction of methamphetamine consumption (Brown

and Gabrielson, 2012).

As regards alcohol use disorder, citicoline was clinically

investigated in a randomized, double-blind, placebo-controlled

trial with 62 patients over a study duration of 12 weeks. After

randomization, patients were treated with citicoline 2000 mg/d

or placebo and underwent several tests for alcohol consumption

and craving, as well as other neurological and psychiatric

examinations. Regrettably, citicoline failed to show any effect

on alcohol consumption, craving or depressive symptoms

(Brown et al., 2019).

In summary, while clinical evidence is perhaps still insufficient,

at present citicoline seems to be both inappropriate and ineffective

for treatment of alcohol use disorder.

3.16 Endocannabinoid system modulators

The endocannabinoid system is a receptor-ligand signaling

system triggered by endogenous lipid transmitters derived from

arachidonic acid, such as arachidonylethanolamide (AEA), 2-

arachidonylglycerol (2-AG), 2-arachidonylglycerol ether (noladin

ether) and O-arachidonoyl ethanolamine (O-AEA, virodhamine).

Endocannabinoids are synthesized and released upon demand

by receptor-activated stimuli and act on G-protein-coupled

cannabinoid receptors on the target cell. Cannabinoid receptor 1

(CB1R) is expressed in the central nervous system, mainly on

cerebellar and hippocampal neurons, as well as basal ganglia.

CB1R is therefore not only important for motor control but is

also strongly associated with emotional control mechanisms and

motivational behavior. CB1R is also expressed in the peripheral

nervous system in the gastrointestinal tract where it plays a role in

autonomic regulation, and further in many different tissues such as

pancreas, liver, adipose tissue, heart muscle, skeletal muscle and the

reproductive system (Mouslech and Valla, 2009). In the central

nervous system, CB1R is present on excitatory neurons as well as

inhibitory interneurons and is therefore not only important to

postsynaptic transmission but also has a crucial role in

retrograde signaling in glutamatergic and GABAergic synapses.

Furthermore, endocannabinoids interact with many different

neurotransmitters and signaling pathways. Cannabinoid receptor

2 (CB2R) is present in several neuronal subpopulations, as well as in

astrocytes, microglia cells and immune cells, where it helps regulate

immune system function (Basavarajappa, 2019). Endocannabinoid

reuptake into neuronal cells is performed by a specialised

endocannabinoid uptake system, leading to inactivation and

degradation by the enzymes monoacylglycerol lipase (MAGL)

and fatty acid amide hydrolase (FAAH) (Basavarajappa and

Hungund, 2005; Rodríguez de Fonseca et al., 2005; Mouslech

and Valla, 2009; Basavarajappa, 2019).

Because the endocannabinoid system is important for regulation

of emotional control andmotivational behavior,modulation of these

pathways may well provide an interesting starting point for

development of new medications for alcohol use disorder

(Basavarajappa and Hungund, 2005; Mouslech and Valla, 2009;

Maccioni et al., 2010; Turna et al., 2019).

3.16.1 Rimonabant
Rimonabant (SR141716) is a selective CB1 receptor blocker

effective in the treatment of obesity, tobacco smoking and

cardiometabolic risk factors such as hyperlipidaemia and

hyperglycaemia in diabetes (Curioni and André, 2006; Gelfand

and Cannon, 2006).

Because rimonabant can significantly reduce cigarette

smoking and improve abstinence rate compared to placebo,

similar effects might be expected with other substance use

disorders (Gelfand and Cannon, 2006). In several preclinical

studies, rimonabant reduced alcohol-related behaviors in mice

and rats such as alcohol seeking, drinking and self-

administration (Colombo et al., 2007).

Despite these promising preliminary results, rimonabant failed

to show any significant effect on alcohol consumption in the only

human clinical study with a therapy target of abstinence. In this 12-

week, randomized, double-blind, placebo-controlled study of

260 patients with alcohol use disorder, 2 × 10 mg/d rimonabant

showed only a minimal, non-statistically significant reductions in

the relapse rate (41.5% vs. 47.7% with placebo) and relapse to heavy

drinking (27.7% vs. 35.6% in placebo group). This study also

reported good tolerability but slightly higher depression-related

adverse events (3.8% rimonabant group vs. 1.6% in placebo

group) (Soyka et al., 2008). In a small, randomized, double-blind,

placebo-controlled study on non-treatment seeking heavy alcohol

drinkers, rimonabant 20 mg/d failed to show any effect on alcohol

consumption (George et al., 2010).

Due to suspected safety risks reported in several clinical studies,

especially those concerning severe depression-related adverse events,

anxiety disorders and suicidal tendencies, rimonabant had to be

withdrawn from clinical use (Gelfand and Cannon, 2006; Steinberg

and Cannon, 2007; Maccioni et al., 2010).

Even though rimonabant failed in the treatment of alcohol

use disorder, the knowledge gained concerning depression-

related side effects has suggested the endocannabinoid system

as a target for the development of novel anxiolytic and

antidepressant drugs (Gaetani et al., 2009).

3.16.2 Surinabant
Surinabant (SR147778), a CB1 receptor antagonist similar to

rimonabant, led to a significant reduction of alcohol consumption in

preclinical studies of alcohol-dependent rats (Gessa et al., 2005;

Lallemand and De Witte, 2006). Compared to rimonabant,

surinabant led to an even more dramatic decrease in alcohol

consumption in alcohol-dependent rats and showed a longer-

lasting effect in a free drinking choice experiment (Lallemand and

De Witte, 2006). Due to the withdrawal of rimonabant following

recognition of anxiety symptoms and depression-related adverse

events, clinical trials of surinabant in alcohol use disorder have
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never been conducted. However, a randomized controlled clinical

study of surinabant in smoking cessation reported no improvement

of smoking cessation rate, but did report elevated adverse side effects

such as insomnia and anxiety symptoms in the surinabant group

compared to the placebo group (Tonstad and Aubin, 2012).

Although no clinical trial data on surinabant in alcohol use

disorder are available, we suspect that the anxiety and depression-

related adverse event profile of surinabant would resemble that of

rimonabant. Further clinical trials of surinabant for alcohol use

disorder are therefore unlikely to yield promising results.

3.16.3 AM4113
The new CB1 receptor neutral antagonist, AM4113, has proven

to be effective for treatment of tobacco and cannabis dependence in

a squirrel monkey model, without showing the severe side effects

evident for rimonabant (Schindler et al., 2016).

In a preclinical study using nicotine-dependent rats,

AM4113 not only showed an absence of anxiety and depression-

related adverse events, but even seemed to have an antidepressant-

like effect (Gueye et al., 2016). In another preclinical study of binge-

drinking mice, pretreatment with AM4113 led to a reduction of

alcohol-induced dopamine release in the nucleus accumbens, as well

as a significant suppression of alcohol consumption in a free choice

two-bottle experiment (Balla et al., 2018). Clinical studies of patients

with alcohol use disorder have not been conducted to date. Due to

the promising preclinical results, together with the absence of

anxiety and depression-like side effects and perhaps even an

antidepressant effect, further preclinical and clinical investigations

for treatment of alcohol use disorder are recommended.

3.16.4 Other endocannabinoid system
modulators

Many other medications with specific binding affinities for or

modulating effects on endocannabinoid receptors are being

developed or are under investigation (Vasiljevik et al., 2013).

For example, the diacyl glycerol lipase inhibitor DO34 reduces

alcohol searching behavior and habitual responses to ethanol, likely

due to the inhibition of endocannabinoid 2-arachidonoyl glycerol

(2-AG) biosynthesis. Similar results were found following

administration of the cannabinoid receptor type 1 antagonist

AM251 and the endocannabinoid transport inhibitor AM404

(Gianessi et al., 2019).

In another study, URB597, an inhibitor of fatty acid amide

hydrolase (FAAH), causes an increase in the brain level of

endocannabinoid anandamide (AEA) and therefore protects the

brain of adolescent rats from alcohol-induced neuromodulation and

neurotoxicity due to chronic alcohol consumption (Bellozi et al.,

2019). Furthermore, URB597 does not show the full profile of

behavioral responses, such as anxiety and depression-like

symptoms, found with modulators that have a direct affinity for

CB1 receptors, e.g., rimonabant. The elevated level of brain AEA

caused by URB597 even shows an anxiolytic and antidepressant

effect (Gaetani et al., 2009).

Two new aminoalkylindole derivates, TV-5-249 and TV-

6-41, have proven effects on alcohol-dependent mice due to

their dual action as CB1 receptor antagonists and

CB2 receptor agonists, mediating a reduction of alcohol

abuse-related behavioral responses in one study. This

preclinical study also reported differences in adverse side

effects regarding TV-5-249 and TV-6-41 compared to

rimonabant (Tai et al., 2018).

Another promising future therapy concept is the use of dual

receptor ligands for cannabinoid targets, such as NF 10–360, a

dual PPARα/γ agonist, and OLHHA, a dual CB1 receptor

antagonist/PPARα agonist. In a preclinical study in a rat

model, both drugs achieved a significant reduction of alcohol

intake and alcohol self-administration, and with an absence of

toxicological effects or tolerance effects following repetitive

administration of the drug (Alen et al., 2018).

If these new endocannabinoid system modulators are to be

used in future therapies of alcohol use disorder, further

investigation is needed, including preclinical trials and clinical

studies on alcohol-dependent patients.

3.17 Gamma-hydroxybutyrate (GHB)

Gamma-hydroxybutyrate (GHB, also known as gamma-

hydroxybutyric acid) is an endogenous neurotransmitter

with a depressant action on the central neural system. It

is also a psychotropic relaxant with a euphoric effect

attributable to its strong affinity for GHB receptors on

pre- and postsynaptic neurons, as well as partial agonism

at GABA-B receptors (Schep et al., 2012; Brennan and Van

Hout, 2014). Due to its binding of synaptic GABA-B

receptors and extra synaptic GABA-A receptors, GHB

shows an alcohol mimetic effect (van den Brink et al., 2018).

Whereas GHB is directly bioactive, its precursors, gamma-

butyrolactone (GBL) and 1,4-butanediol (1,4-BD), first need

bioenzymatic transformation into active GHB. After oral

administration, GHB shows rapid intestinal absorption and

reaches peak plasma concentrations within 1 h. Due to the

relatively small distribution volume and a fast passage across

the blood-brain barrier, GHB produces a relatively fast

narcotic-psychotropic effect after administration. Fast

hepatic metabolism and rapid elimination means that GHB

has a short duration of action, with a half-life of 20–60 min

(Schep et al., 2012).

Because of the narcotic and psychotropic effect, GHB and

GBL (“liquid ecstasy”) are known drugs of abuse and have

achieved notoriety due to an association with drug-facilitated

sexual assault (“date-rape drug”) (Grela et al., 2018). Sodium

oxybate is the sodium salt of gamma-hydroxybutyrate, and in

contrast to its abusive use, has been shown to be effective in

treatment of narcolepsy and cataplexy, as well as nocturnal sleep

disturbances (Abad, 2019).
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Sodium oxybate is approved as a liquid formulation

(Alcover) in Italy and Austria for therapy of alcohol

withdrawal syndrome (AWS) and in relapse prophylaxis of

alcohol use disorder for the maintenance of abstinence

(Keating, 2014). In a randomized, double-blind,

comparative study of alcohol withdrawal syndrome, sodium

oxybate was shown to be as effective as oxazepam, the gold

standard benzodiazepine in AWS treatment. Furthermore,

sodium oxybate has proven to be safe, with good

tolerability and an absence of significant side effects

(Caputo et al., 2014).

Sodium oxybate is also effective in relapse prophylaxis of

patients with alcohol use disorder. Several studies have shown

a significant reduction of craving, as well as an increase in

abstinence rate (Keating, 2014; Skala et al., 2014; Mannucci

et al., 2018). Another meta-analysis found that sodium

oxybate was superior to disulfiram and placebo in craving

reduction and had an even stronger effect on abstinence

maintenance than naltrexone and disulfiram (Leone et al.,

2010).

Conversely, sodium oxybate did not influence abstinence in

heavy drinkers when given as a monotherapeutic medication

(Mannucci et al., 2018).

Investigations of a combination of sodium oxybate with

established relapse prophylaxis therapy protocols have been

reported. Administration of additional nalmefene, 18 mg as

needed, in sodium oxybate non-responder patients found that

craving and alcohol consumption were reduced and abstinence

improved. Nalmefene seems to have a modulating impact on the

excessive reward effect of sodium oxybate and therefore reduces

alcohol craving and persistent alcohol intake, as well as sodium

oxybate craving (Caputo et al., 2016).

Despite these promising results, serious safety concerns

due to the very high addiction and abuse risk of sodium

oxybate induced the WHO to advise against the widespread

use of GHB in the treatment of alcoholism (World Health

Organization, 2012b; 2012a). Besides risks of illicit

administration in order to commit crimes, GHB shows a

high addiction potential and is often abused due to its

psychotropic effects. GHB also shows dramatic

potentiation of neuro-depressant effects in combination

with alcohol ingestion, leading to a severe reduction in

consciousness. This combination has led to considerable

resistance to use of sodium oxybate without strict regulation

and control (Miró et al., 2017; Galicia et al., 2019).

Despite these serious reservations, sodium oxybate has

been under investigation in Italy and Austria for more than

25 years and has produced excellent results, especially in

patients with a very high drinking risk in whom a major

reduction in relapse was noted due to a strong reduction of

craving and maintenance of abstinence. Adverse side effects

were very rare, even after testing in more than

260,000 alcohol-dependent patients, and few cases of

GHB abuse were reported. A summary of several meta-

analyses therefore not only considered sodium oxybate to

be effective in the treatment of alcohol withdrawal

syndrome and maintenance of abstinence during relapse

prevention treatment, but also well-tolerated and safe in

applications related to alcohol use disorder (van den Brink

et al., 2018).

With strictly-controlled administration to prevent abuse,

sodium oxybate could potentially become an established second-

line therapy in patients who show an insufficient response to

current anti-craving therapies. Further investigations of safety

and reduction of abuse risk are needed however.

4 Summary, interpretation and
outlook

As shown in detail above, several different drugs and

medication classes have been investigated for their potential

use in the treatment of alcohol use disorder, a clinical area

where there is a desperate need for new treatment strategies

(Burnette et al., 2022). Some have shown very promising

results, while others have not proven useful. Some others,

such as GHB, have shown promising results but due to a high

abuse risk seem ill-suited to patients with a substance use disorder.

Other medications, such mifepristone and again GHB, pose a risk of

criminality, in the case of mifepristone, illegal abortions, and in the

case of GHB, drug-facilitated sexual assault. New treatment strategies

such as controlled drinking, which overturns thewidespread dogmaof

abstinence, also deserve to be considered (Simpson et al., 2018;

Henssler et al., 2021; Paquette et al., 2022). To provide a

convenient overview of off-label medications currently under

investigation, the results above are summarized in a Table 1 below.

We have also provided a rating of existing scientific data, ranking the

data on medications as “good,” “intermediate,” “limited” or “poor” in

descending order, as well as noting “only preclinical trials” in cases

where scientific data does not include human clinical trials. We also

evaluated results with regard to their success in treating alcohol use

disorder, rating outcomes from “very promising,” “promising,”

“conflicting,” “disappointing” to “very disappointing.” In case

where no conclusion could be drawn, the results were labeled

“inconclusive.” Furthermore, we provide recommendations for

further scientific studies where we either recommend conducting

further preclinical or clinical studies or suggest abandoning a

therapeutic approach if data disappoint. Some well-established

medications, supported by good data, have been recommended as

possible second-line or additional therapies. Naturally, the

implementation of potential therapeutic standards will require

careful monitoring in broad clinical studies (Tanner et al., 2022).

For reasons of clarity, we do not cite sources for this table. These

can all be found in the respectivemedication chapter in the text above.

For further information, therefore please refer to the respective

chapter and the cited literature.
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TABLE 1 Off-label and investigational drugs in the treatment of alcohol use disorder: overview.

Medication Results Data Recommendation Mechanism of
action

Medication
group

Advantage Disadvantage

Baclofen Conflicting
(promising, but
serious safety
concerns)

Good Second-line therapy GABA-B agonist Muscle relaxant Renal excretion Dosing 3–4x/day
Overdose risk with
severe sedation and
coma

Gabapentin Conflicting
(promising)

Good Additional therapy Inhibition of Na+
and Ca2+ cannels

Anticonvulsant Reduction of
heavy drinking

Overdose risk
Reduction of heavy
drinking

Topiramate Promising Intermediate Additional therapy GABAergic
inhibition

Anticonvulsant Mainly renal
excretion

Moderate effect
Second-line therapy

Ondansetron Highly
promising

Good Combined therapy Serotonin antagonist Antiemetic Especially for
early
onset alcoholism

Pharmacogenetic
differences

Varenicline Highly
promising

Good Combined therapy,
especially for comorbid
nicotine abuse

nAChR agonist Smoking cessation Nearly no hepatic
metabolism

Not for
maintaining
abstinence, more
for drinking
reduction

Aripiprazole Conflicting
(promising)

Good Second-line therapy for
high-impulsivity and low
self-control

Dopamine receptor
agonist, serotonin
receptor agonist and
antagonist

Antipsychotic For high-
impulsivity

Pharmacogenetic
differences
Adverse events

Quetiapine Highly
disappointing

Intermediate Not useful for treatment
of alcohol use disorder

Serotonin and
dopamine antagonist

Antipsychotic Craving
reduction only in
patients with
insomnia

Risk of misuse

Clozapine Disappointing Poor Not useful for treatment
of alcohol use disorder

Multiple
neurotransmission
pathways

Antipsychotic Limited evidence
for craving
reduction

Risk of misuse

Antidepressants Disappointing
(except SSRI)

Limited Further preclinical and
clinical testing

Multiple mechanism
of action depending
on the drug

Antidepressants Small reduction
of alcohol
consumption
with SSRI.

Risk of misuse
Possible
pharmacogenetic
differences

Lithium Highly
disappointing

Limited Not useful for treatment
of alcohol use disorder

Unknown
mechanism of action

Mood stabilizer No benefits for
alcohol use
disorder

Adverse events

Neuropeptide Y Promising Only
preclinical
studies

Further preclinical and
clinical testing

G-protein coupled
Y1-Y6 receptors

Neuropeptide Preventing
progression to
addiction

Possible
pharmacogenetic
differences

Neuropeptide S Conflicting
(promising)

Only
preclinical
studies

Further preclinical and
clinical testing

G-protein coupled
neuropeptide S
receptor

Neuropeptide Anxiolytic effect Possible diverse
pharmacogenetic
differences

CRF antagonists Conflicting
(promising)

Poor Further preclinical and
clinical testing and
development of slow-
offset antagonists

CRF1 and
CRF2 receptors

Neuropeptide Promising effect
in preclinical
studies

Poor translation
from rodent studies
to clinical human
studies

Oxytocin Highly
promising (in
rodent studies)

Poor Further preclinical and
clinical testing

Inhibition of growth
hormone-releasing
factor interactions
with GABAergic
interneurons in
amygdala

Neuropeptide Very good safety
profile and
mainly positive
side effects

Very short half-life
of intranasal
oxytocin

Perhaps as needed use Poor translation
from rodents to
humans

PF-05190457 Highly
promising

Poor Further preclinical and
clinical testing

Ghrelin receptor
inverse agonist

Gastrointestinal
peptide hormone
system

Good safety
profile

Dosage 3–4x
per day

Memantine Disappointing Limited Not useful as an anti-
craving drug in
treatment of alcohol use
disorder

Non-competitive
NMDA receptor
antagonist

Treatment of
Alzheimer disease

Maybe useful for
alcohol-cue
stimuli
deconditioning

No effect on
craving

(Continued on following page)
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Taken together, the most promising results were found for

topiramate, ondansetron, varenicline, neuropeptide Y, oxytocin,

ghrelin inverse agonist and GHB. On the other hand, these

medications achieved quite diverse ratings regarding scientific data.

Some are quite well established, such as topiramate, ondansetron and

varenicline, while others have only recently been investigated in the

context of alcohol use disorder and data are therefore still very

limited. Some medications may also be more useful for drinking

reduction than for maintaining abstinence (Falk et al., 2019a),

and beside abstinence treatment, harm-reduction strategies

TABLE 1 (Continued) Off-label and investigational drugs in the treatment of alcohol use disorder: overview.

Medication Results Data Recommendation Mechanism of
action

Medication
group

Advantage Disadvantage

Ifenprodil Promising Poor Further preclinical and
clinical testing

Non-competitive
NMDA receptor
antagonist

NMDA receptor
modulator

Reduction of
alcohol
consumption in
preclinical and
clinical trials

Very limited data

Samidorphan Promising Poor Further preclinical and
clinical testing

μ-opioid receptor
antagonist

Opioid system
modulator

Favorable side
effect profile

Somnolence and
small risk of abuse

Ondelopran Promising Poor Further preclinical and
clinical testing

Selective opioid
receptor antagonist

Opioid system
modulator

Reduction of
alcohol
consumption

Very high
interindividual
pharmacokinetic
variability

ABT-436 Conflicting
(disappointing)

Poor Probably not useful for
treatment of alcohol use
disorder

V1B antagonist Vasopressin
receptor
antagonist

Favorable results
for patients with
high stress levels

Conflicting results
within the study

SSR149415 Promising Only
preclinical
studies

Further preclinical and
clinical studies

V1B antagonist Vasopressin
receptor
antagonist

Synergetic effect
with naltrexone

Very limited
preclinical data

Mifepristone Conflicting
(promising, but
with very high
misuse, risk of
illegal abortion)

Limited Not recommended in
treatment of alcohol use
disorder

Progesterone and
type II
glucocorticoid
receptor antagonist

Medical abortion
of pregnancy

Reduction of
alcohol-induced
neuro-
degeneration

Very high risk of
misuse for illegal
abortion

Ibudilast Conflicting
(disappointing)

Poor Further clinical testing Non-selective
phosphodiesterase
inhibitor

Anti-inflammatory
and treatment of
asthma

Reduction of
craving with
depressive
comorbidity

No craving
reduction in
general alcohol use
disorder

Citicoline Highly
disappointing

Poor Not useful for treatment
of alcohol use disorder

Cell-membrane
phospholipid
intermediate
product

Neuronal cell-
membrane
modulator

Reduction of
cocaine
consumption but
with habituation
effect

No effect at all on
alcohol
consumption and
craving

Rimonabant Highly
disappointing

Poor Not useful for treatment
of alcohol use disorder

Selective
CB1 receptor blocker

Endocannabinoid-
system modulator

Treatment of
tobacco smoking,
obesity and
cardiometabolic
risk factors

Depression-related
adverse events,
anxiety and suicidal
tendencies

Surinabant Inconclusive Only
preclinical
studies

Not useful for treatment
of alcohol use disorder

CB1 receptor
antagonist

Endocannabinoid-
system modulator

Reduction of
alcohol
consumption in
rats

No clinical data due
to severe adverse
events of
rimonabant

AM4113 Promising Only
preclinical
studies

Further preclinical and
clinical testing

CB1 receptor neutral
antagonist

Endocannabinoid-
system modulator

In preclinical tests
no anxiety and
depression-like
effects

No clinical data

Gamma-
hydroxybutyrate
(GHB)

Highly
promising (but
high risk of
abuse)

Good Not recommended by
WHO for treatment of
alcohol use disorder due to
high abuse risk

GHB receptor and
partial GABA-B
receptor agonist

Treatment of
narcolepsy and
cataplexy

Very promising
results for
reduction of
alcohol
consumption

High abuse risk and
misuse as rape drug.
High risk of neuro-
depression in case of
co-ingestion with
alcohol
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should also be taken into account (Witkiewitz et al., 2021). On

the other hand, we also need to discuss the fact that all

therapeutic strategies are limited to either targeting

symptomatic improvement (suppression of alcohol-craving)

or are disease-modifying (through classic deconditioning

with the aversive agent disulfiram). To date, no treatment

method has been shown to permanently cure the underlying

neurobiological cause of alcohol use disorder (Figure 1).

Therefore, all therapeutic strategies carry the risk of relapse,

a risk that, due to altered neurotransmitter systems in the

pathogenesis of alcohol use disorder, cannot be completely

eliminated. As shown in our table overview, further

preclinical or clinical studies are needed in order to precisely

evaluate many of these medications, either as further scientific

exploration or for implementation as second-line or additional

therapeutic standards for the treatment of alcohol use disorder.

Further research will generate new data concerning known

medications and introduce new pharmacologic medications

for use in substance use disorders. Moreover, progress in

genetic knowledge and the implementation of

pharmacogenetics in the allocation of patients to particular

treatments will produce better therapeutic outcomes in alcohol

use disorder. Some medications have already been identified as

more effective in patient subgroups with a given genetic

polymorphism.

In conclusion, we hope this review will aid researchers in

their efforts to prioritize medications with promising results and

to abandon those that have disappointed. In order to improve

therapeutic outcomes many more preclinical and clinical studies

of alcohol use disorder and relapse prophylaxis will undoubtedly

be needed.

Author contributions

This paper was written by the PF without any

unauthorized help. The literature search was mainly

performed by the PF, with help in selection by his

supervisor, the senior author JM. Furthermore, the senior

author was helpful in planning and structuring this paper,

as well as in connecting with co-authors. The remaining co-

authors were helpful in reviewing this paper.

Funding

This paper was written without funding from the

pharmaceutical industry. The costs for scientific English

correction as well as article processing fees were donated

by the Meiringen private clinic.

FIGURE 1
Pyramid of treatment in alcohol use disorder.

Frontiers in Pharmacology frontiersin.org23

Fischler et al. 10.3389/fphar.2022.927703

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Acknowledgments

Sincere thanks to my senior author and supervisor JM for his

help in planning and structuring this paper and for his efforts in

connecting with the co-authors. Many thanks as well to the co-

authors MS and ES for reviewing, and to ES for his work at the

University of Zurich. Thanks to Dr. Bayley for English

proofreading.

Conflict of interest

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.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fphar.

2022.927703/full#supplementary-material

References

Abad, V. C. (2019). An evaluation of sodium oxybate as a treatment option for
narcolepsy. Expert Opin. Pharmacother. 20, 1189–1199. doi:10.1080/14656566.
2019.1617273

Addolorato, G., Caputo, F., Capristo, E., Colombo, G., Gessa, G. L., Gasbarrini, G.,
et al. (2000). Ability of baclofen in reducing alcohol craving and intake:
II—preliminary clinical evidence. Alcohol. Clin. Exp. Res. 24, 67–71. doi:10.1111/
j.1530-0277.2000.tb04555.x

Addolorato, G., Caputo, F., Capristo, E., Domenicali, M., Bernardi, M., Janiri, L.,
et al. (2002). Baclofen efficacy in reducing alcohol craving and intake: A preliminary
double-blind randomized controlled study. Alcohol Alcohol 37, 504–508. doi:10.
1093/alcalc/37.5.504

Addolorato, G., Leggio, L., Cardone, S., Ferrulli, A., and Gasbarrini, G. (2009).
Role of the GABAB receptor system in alcoholism and stress: Focus on clinical
studies and treatment perspectives.Alcohol 43, 559–563. doi:10.1016/j.alcohol.2009.
09.031

Addolorato, G., Leggio, L., Ferrulli, A., Cardone, S., Bedogni, G., Caputo, F.,
et al. (2011). Dose–response effect of baclofen in reducing daily alcohol intake
in alcohol dependence: Secondary analysis of a randomized, double-blind,
placebo-controlled trial. Alcohol Alcohol 46, 312–317. doi:10.1093/alcalc/
agr017

Addolorato, G., Leggio, L., Ferrulli, A., Cardone, S., Vonghia, L., Mirijello, A.,
et al. (2007). Effectiveness and safety of baclofen for maintenance of alcohol
abstinence in alcohol-dependent patients with liver cirrhosis: Randomised,
double-blind controlled study. Lancet 370, 1915–1922. doi:10.1016/S0140-
6736(07)61814-5

Addolorato, G., and Leggio, L. (2010). Safety and efficacy of baclofen in the
treatment of alcohol-dependent patients. Curr. Pharm. Des. 16, 2113–2117. doi:10.
2174/138161210791516440

Agabio, R., Trogu, E., and Pani, P. P. (2018). Antidepressants for the
treatment of people with co-occurring depression and alcohol dependence.
Cochrane Database Syst. Rev. 4, CD008581. doi:10.1002/14651858.CD008581.
pub2

Ahmed, S., Stanciu, C. N., Kotapati, P. V., Ahmed, R., Bhivandkar, S., Khan, A.
M., et al. (2019). Effectiveness of gabapentin in reducing cravings and withdrawal in
alcohol use disorder: A meta-analytic review. Prim. Care Companion CNS Disord.
21, 19r02465. doi:10.4088/PCC.19r02465

Ait-Daoud, N., Johnson, B. A., Javors, M., Roache, J. D., and Zanca, N. A.
(2001a). Combining ondansetron and naltrexone treats biological alcoholics:
Corroboration of self-reported drinking by serum carbohydrate deficient
transferrin, A biomarker. Alcohol. Clin. Exp. Res. 25, 847–849. doi:10.1111/
j.1530-0277.2001.tb02289.x

Ait-Daoud, N., Johnson, B. A., Prihoda, T. J., and Hargita, I. D. (2001b).
Combining ondansetron and naltrexone reduces craving among biologically
predisposed alcoholics: Preliminary clinical evidence. Psychopharmacol. (Berl.)
154, 23–27. doi:10.1007/s002130000607

Ait-Daoud, N., Lynch, W. J., Penberthy, J. K., Breland, A. B., Marzani-Nissen, G.
R., Johnson, B. A., et al. (2006a). Treating smoking dependence in depressed
alcoholics. Alcohol Res. Health. 29, 213–220.

Ait-Daoud, N., Malcolm, R. J., and Johnson, B. A. (2006b). An overview of
medications for the treatment of alcohol withdrawal and alcohol dependence with
an emphasis on the use of older and newer anticonvulsants. Addict. Behav. 31,
1628–1649. doi:10.1016/j.addbeh.2005.12.029

Akosile, W., and Klan, M. (2016). Creating a new problem: The use of baclofen in
the management of alcohol use disorder. Drug Alcohol Rev. 35, 115–116. doi:10.
1111/dar.12306

Alaux-Cantin, S., Buttolo, R., Houchi, H., Jeanblanc, J., and Naassila, M. (2015).
Memantine reduces alcohol drinking but not relapse in alcohol-dependent rats.
Addict. Biol. 20, 890–901. doi:10.1111/adb.12177

Alcover, K. C., Lyons, A. J., Oluwoye, O., Muse, I. D., Kelly, M. E., McDonell, M.
G., et al. (2021). Onset of alcohol use disorder among alcohol initiates by race/
ethnicity. Alcohol 97, 13–21. doi:10.1016/j.alcohol.2021.08.002

Alderman, C. P., McCarthy, L. C., Condon, J. T., Marwood, A. C., and Fuller, J. R.
(2009). Topiramate in combat-related posttraumatic stress disorder. Ann.
Pharmacother. 43, 635–641. doi:10.1345/aph.1L578

Alen, F., Decara, J., Brunori, G., You, Z.-B., Bühler, K.-M., López-Moreno, J. A.,
et al. (2018). PPARα/CB1 receptor dual ligands as a novel therapy for alcohol use
disorder: Evaluation of a novel oleic acid conjugate in preclinical rat models.
Biochem. Pharmacol. 157, 235–243. doi:10.1016/j.bcp.2018.09.008

Ameisen, O. (2005). Complete and prolonged suppression of symptoms and
consequences of alcohol-dependence using high-dose baclofen: A self-case report of
a physician. Alcohol Alcohol 40, 147–150. doi:10.1093/alcalc/agh130

Ameisen, O. (2011). High-dose baclofen for suppression of alcohol dependence.
Alcohol. Clin. Exp. Res. 35, 845–846. author reply 847. doi:10.1111/j.1530-0277.
2010.01412.x

Angehagen, M., Rönnbäck, L., Hansson, E., and Ben-Menachem, E. (2005).
Topiramate reduces AMPA-induced Ca(2+) transients and inhibits
GluR1 subunit phosphorylation in astrocytes from primary cultures.
J. Neurochem. 94, 1124–1130. doi:10.1111/j.1471-4159.2005.03259.x

Anton, R. F., Kranzler, H., Breder, C., Marcus, R. N., Carson, W. H., Han, J., et al.
(2008). A randomized, multicenter, double-blind, placebo-controlled study of the
efficacy and safety of aripiprazole for the treatment of alcohol dependence. J. Clin.
Psychopharmacol. 28, 5–12. doi:10.1097/jcp.0b013e3181602fd4

Anton, R. F., Latham, P., Voronin, K., Book, S., Hoffman, M., Prisciandaro, J.,
et al. (2020). Efficacy of gabapentin for the treatment of alcohol use disorder in
patients with alcohol withdrawal symptoms: A randomized clinical trial. JAMA
Intern. Med. 180, 728–736. doi:10.1001/jamainternmed.2020.0249

Anton, R. F., Myrick, H., Wright, T. M., Latham, P. K., Baros, A. M., Waid, L. R.,
et al. (2011). Gabapentin combined with naltrexone for the treatment of alcohol
dependence. Am. J. Psychiatry 168, 709–717. doi:10.1176/appi.ajp.2011.10101436

Frontiers in Pharmacology frontiersin.org24

Fischler et al. 10.3389/fphar.2022.927703

https://www.frontiersin.org/articles/10.3389/fphar.2022.927703/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2022.927703/full#supplementary-material
https://doi.org/10.1080/14656566.2019.1617273
https://doi.org/10.1080/14656566.2019.1617273
https://doi.org/10.1111/j.1530-0277.2000.tb04555.x
https://doi.org/10.1111/j.1530-0277.2000.tb04555.x
https://doi.org/10.1093/alcalc/37.5.504
https://doi.org/10.1093/alcalc/37.5.504
https://doi.org/10.1016/j.alcohol.2009.09.031
https://doi.org/10.1016/j.alcohol.2009.09.031
https://doi.org/10.1093/alcalc/agr017
https://doi.org/10.1093/alcalc/agr017
https://doi.org/10.1016/S0140-6736(07)61814-5
https://doi.org/10.1016/S0140-6736(07)61814-5
https://doi.org/10.2174/138161210791516440
https://doi.org/10.2174/138161210791516440
https://doi.org/10.1002/14651858.CD008581.pub2
https://doi.org/10.1002/14651858.CD008581.pub2
https://doi.org/10.4088/PCC.19r02465
https://doi.org/10.1111/j.1530-0277.2001.tb02289.x
https://doi.org/10.1111/j.1530-0277.2001.tb02289.x
https://doi.org/10.1007/s002130000607
https://doi.org/10.1016/j.addbeh.2005.12.029
https://doi.org/10.1111/dar.12306
https://doi.org/10.1111/dar.12306
https://doi.org/10.1111/adb.12177
https://doi.org/10.1016/j.alcohol.2021.08.002
https://doi.org/10.1345/aph.1L578
https://doi.org/10.1016/j.bcp.2018.09.008
https://doi.org/10.1093/alcalc/agh130
https://doi.org/10.1111/j.1530-0277.2010.01412.x
https://doi.org/10.1111/j.1530-0277.2010.01412.x
https://doi.org/10.1111/j.1471-4159.2005.03259.x
https://doi.org/10.1097/jcp.0b013e3181602fd4
https://doi.org/10.1001/jamainternmed.2020.0249
https://doi.org/10.1176/appi.ajp.2011.10101436
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Anton, R. F., Schacht, J. P., Voronin, K. E., and Randall, P. K. (2017). Aripiprazole
suppression of drinking in a clinical laboratory paradigm: Influence of impulsivity
and self-control. Alcohol. Clin. Exp. Res. 41, 1370–1380. doi:10.1111/acer.13417

Asrani, S. K., Mellinger, J., Arab, J. P., and Shah, V. H. (2021). Reducing the global
burden of alcohol-associated liver disease: A blueprint for action. Hepatology 73,
2039–2050. doi:10.1002/hep.31583

Bach, P., Reinhard, I., Bühler, S., Vollstädt-Klein, S., Kiefer, F., Koopmann, A.,
et al. (2019). Oxytocin modulates alcohol-cue induced functional connectivity in the
nucleus accumbens of social drinkers. Psychoneuroendocrinology 109, 104385.
doi:10.1016/j.psyneuen.2019.104385

Bachtell, R. K., Jones, J. D., Heinzerling, K. G., Beardsley, P. M., and Comer, S. D.
(2017). Glial and neuroinflammatory targets for treating substance use disorders.
Drug Alcohol Depend. 180, 156–170. doi:10.1016/j.drugalcdep.2017.08.003

Balla, A., Dong, B., Shilpa, B. M., Vemuri, K., Makriyannis, A., Pandey, S. C., et al.
(2018). Cannabinoid-1 receptor neutral antagonist reduces binge-like alcohol
consumption and alcohol-induced accumbal dopaminergic signaling.
Neuropharmacology 131, 200–208. doi:10.1016/j.neuropharm.2017.10.040

Basavarajappa, B. S. (2019). Endocannabinoid system and alcohol abuse
disorders. Adv. Exp. Med. Biol. 1162, 89–127. doi:10.1007/978-3-030-21737-2_6

Basavarajappa, B. S., and Hungund, B. L. (2005). Role of the endocannabinoid
system in the development of tolerance to alcohol. Alcohol Alcohol 40, 15–24.
doi:10.1093/alcalc/agh111

Batki, S. L., Pennington, D. L., Lasher, B., Neylan, T. C., Metzler, T., Waldrop, A.,
et al. (2014). Topiramate treatment of alcohol use disorder in veterans with
posttraumatic stress disorder: A randomized controlled pilot trial. Alcohol. Clin.
Exp. Res. 38, 2169–2177. doi:10.1111/acer.12496

Bell, R. L., Hauser, S. R., Liang, T., Sari, Y., Maldonado-Devincci, A., Rodd, Z. A.,
et al. (2017). Rat animal models for screening medications to treat alcohol use
disorders. Neuropharmacology 122, 201–243. doi:10.1016/j.neuropharm.2017.
02.004

Bell, R. L., Lopez, M. F., Cui, C., Egli, M., Johnson, K. W., Franklin, K. M., et al.
(2015). Ibudilast reduces alcohol drinking in multiple animal models of alcohol
dependence. Addict. Biol. 20, 38–42. doi:10.1111/adb.12106

Bellozi, P. M. Q., Pelição, R., Santos, M. C., Lima, I. V. A., Saliba, S. W., Vieira, É.
L. M., et al. (2019). URB597 ameliorates the deleterious effects induced by binge
alcohol consumption in adolescent rats. Neurosci. Lett. 711, 134408. doi:10.1016/j.
neulet.2019.134408

Beraha, E. M., Salemink, E., Goudriaan, A. E., Bakker, A., de Jong, D., Smits, N.,
et al. (2016). Efficacy and safety of high-dose baclofen for the treatment of alcohol
dependence: A multicentre, randomised, double-blind controlled trial. Eur.
Neuropsychopharmacol. 26, 1950–1959. doi:10.1016/j.euroneuro.2016.10.006

Berlin, R. K., Butler, P. M., and Perloff, M. D. (2015). Gabapentin therapy in
psychiatric disorders: A systematic review. Prim. Care Companion CNS Disord. 17.
doi:10.4088/PCC.15r01821

Bisaga, A., and Evans, S. M. (2004). Acute effects of memantine in combination
with alcohol in moderate drinkers. Psychopharmacol. (Berl.) 172, 16–24. doi:10.
1007/s00213-003-1617-5

Blodgett, J. C., Del Re, A. C., Maisel, N. C., and Finney, J. W. (2014). A meta-
analysis of topiramate’s effects for individuals with alcohol use disorders. Alcohol.
Clin. Exp. Res. 38, 1481–1488. doi:10.1111/acer.12411

Boels, D., Victorri-Vigneau, C., Grall-Bronnec, M., Touré, A., Garnier, A.,
Turcant, A., et al. (2017). Baclofen and alcohol-dependent patients: A real risk
of severe self-poisoning. Basic Clin. Pharmacol. Toxicol. 121, 353–359. doi:10.1111/
bcpt.12779

Bonnet, U., Banger, M., Leweke, F. M., Maschke, M., Kowalski, T., and Gastpar,
M. (1999). Treatment of alcohol withdrawal syndrome with gabapentin.
Pharmacopsychiatry 32, 107–109. doi:10.1055/s-2007-979203

Boric, M. P., Martinez, A., Donoso, M. V., and Huidobro-Toro, J. P. (1995).
Neuropeptide Y is a vasoconstrictor and adrenergic modulator in the hamster
microcirculation by acting on neuropeptide Y1 and Y2 receptors. Eur. J. Pharmacol.
294, 391–401. doi:10.1016/0014-2999(95)00556-0

Bowery, N. G. (2006). GABAB receptor: A site of therapeutic benefit. Curr. Opin.
Pharmacol. 6, 37–43. doi:10.1016/j.coph.2005.10.002

Bray, G. A., Hollander, P., Klein, S., Kushner, R., Levy, B., Fitchet, M., et al.
(2003). A 6-month randomized, placebo-controlled, dose-ranging trial of
topiramate for weight loss in obesity. Obes. Res. 11, 722–733. doi:10.1038/
oby.2003.102

Brennan, R., and Van Hout, M. C. (2014). Gamma-hydroxybutyrate (GHB): A
scoping review of pharmacology, toxicology, motives for use, and user groups.
J. Psychoact. Drugs 46, 243–251. doi:10.1080/02791072.2014.921746

Brown, E. S., Davila, D., Nakamura, A., Carmody, T. J., Rush, A. J., Lo, A.,
et al. (2014). A randomized, double-blind, placebo-controlled trial of

quetiapine in patients with bipolar disorder, mixed or depressed phase, and
alcohol dependence. Alcohol. Clin. Exp. Res. 38, 2113–2118. doi:10.1111/acer.
12445

Brown, E. S., and Gabrielson, B. (2012). A randomized, double-blind,
placebo-controlled trial of citicoline for bipolar and unipolar depression
and methamphetamine dependence. J. Affect. Disord. 143, 257–260. doi:10.
1016/j.jad.2012.05.006

Brown, E. S., Garza, M., and Carmody, T. J. (2008). A randomized, double-
blind, placebo-controlled add-on trial of quetiapine in outpatients with bipolar
disorder and alcohol use disorders. J. Clin. Psychiatry 69, 701–705. doi:10.
4088/jcp.v69n0502

Brown, E. S., Gorman, A. R., and Hynan, L. S. (2007). A randomized,
placebo-controlled trial of citicoline add-on therapy in outpatients with
bipolar disorder and cocaine dependence. J. Clin. Psychopharmacol. 27,
498–502. doi:10.1097/JCP.0b013e31814db4c4

Brown, E. S., Todd, J. P., Hu, L. T., Schmitz, J. M., Carmody, T. J., Nakamura,
A., et al. (2015). A randomized, double-blind, placebo-controlled trial of
citicoline for cocaine dependence in bipolar I disorder. Am. J. Psychiatry
172, 1014–1021. doi:10.1176/appi.ajp.2015.14070857

Brown, E. S., Van Enkevort, E., Kulikova, A., Escalante, C., Nakamura, A.,
Ivleva, E. I., et al. (2019). A randomized, double-blind, placebo-controlled trial
of citicoline in patients with alcohol use disorder. Alcohol. Clin. Exp. Res. 43,
317–323. doi:10.1111/acer.13928

Brunette, M. F., Akerman, S. C., Dawson, R., O’Keefe, C. D., and Green, A. I.
(2016). An open-label pilot study of quetiapine plus mirtazapine for heavy
drinkers with alcohol use disorder. Alcohol 53, 45–50. doi:10.1016/j.alcohol.
2016.02.006

Brunette, M. F., Drake, R. E., Xie, H., McHugo, G. J., and Green, A. I. (2006).
Clozapine use and relapses of substance use disorder among patients with co-
occurring schizophrenia and substance use disorders. Schizophr. Bull. 32,
637–643. doi:10.1093/schbul/sbl003

Brunetti, M., Di Tizio, L., Dezi, S., Pozzi, G., Grandinetti, P., Martinotti, G.,
et al. (2012). Aripiprazole, alcohol and substance abuse: A review. Eur. Rev.
Med. Pharmacol. Sci. 16, 1346–1354.

Burnette, E. M., Nieto, S. J., Grodin, E. N., Meredith, L. R., Hurley, B., Miotto,
K., et al. (2022). Novel agents for the pharmacological treatment of alcohol use
disorder. Drugs 82, 251–274. doi:10.1007/s40265-021-01670-3

Cannella, N., Kallupi, M., Li, H. W., Stopponi, S., Cifani, C., Ciccocioppo, R.,
et al. (2016). Neuropeptide S differently modulates alcohol-related behaviors
in alcohol-preferring and non-preferring rats. Psychopharmacol. (Berl.) 233,
2915–2924. doi:10.1007/s00213-016-4333-7

Caputo, F., Maremmani, A. G. I., Addolorato, G., Domenicali, M., Zoli, G.,
D’Amore, A., et al. (2016). Sodium oxybate plus nalmefene for the treatment of
alcohol use disorder: A case series. J. Psychopharmacol. Oxf. 30, 402–409.
doi:10.1177/0269881116629126

Caputo, F., Skala, K., Mirijello, A., Ferrulli, A., Walter, H., Lesch, O., et al.
(2014). Sodium oxybate in the treatment of alcohol withdrawal syndrome: A
randomized double-blind comparative study versus oxazepam. The GATE
1 trial. CNS Drugs 28, 743–752. doi:10.1007/s40263-014-0183-1

Carvajal, C., Dumont, Y., and Quirion, R. (2006). Neuropeptide y: Role in
emotion and alcohol dependence. CNS Neurol. Disord. Drug Targets 5,
181–195. doi:10.2174/187152706776359592

Chakravorty, S., Hanlon, A. L., Kuna, S. T., Ross, R. J., Kampman, K. M.,
Witte, L. M., et al. (2014). The effects of quetiapine on sleep in recovering
alcohol-dependent subjects: A pilot study. J. Clin. Psychopharmacol. 34,
350–354. doi:10.1097/JCP.0000000000000130

Chaudhary, A. M. D., Khan, M. F., Dhillon, S. S., and Naveed, S. (2019). A review of
samidorphan: A novel opioid antagonist. Cureus 11, e5139. doi:10.7759/cureus.5139

Chen, V. C.-H., Lee, M.-J., Yang, Y.-H., Lu, M.-L., Chiu, W.-C., Dewey, M. E.,
et al. (2021). Selective serotonin reuptake inhibitors use and hepatocellular
carcinoma in patients with alcohol use disorder. Drug Alcohol Depend. 219,
108495. doi:10.1016/j.drugalcdep.2020.108495

Chevillard, L., Sabo, N., Tod, M., Labat, L., Chasport, C., Chevaleyre, C., et al.
(2017). Population pharmacokinetics of oral baclofen at steady-state in alcoholic-
dependent adult patients. Fundam. Clin. Pharmacol. 32, 239–248. doi:10.1111/fcp.
12330

Childs, E., Roche, D. J. O., King, A. C., and de Wit, H. (2012). Varenicline
potentiates alcohol-induced negative subjective responses and offsets impaired eye
movements. Alcohol. Clin. Exp. Res. 36, 906–914. doi:10.1111/j.1530-0277.2011.
01675.x

Christofaki, M., and Papaioannou, A. (2014). Ondansetron: A review of
pharmacokinetics and clinical experience in postoperative nausea and vomiting.
Expert Opin. Drug Metab. Toxicol. 10, 437–444. doi:10.1517/17425255.2014.882317

Frontiers in Pharmacology frontiersin.org25

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1111/acer.13417
https://doi.org/10.1002/hep.31583
https://doi.org/10.1016/j.psyneuen.2019.104385
https://doi.org/10.1016/j.drugalcdep.2017.08.003
https://doi.org/10.1016/j.neuropharm.2017.10.040
https://doi.org/10.1007/978-3-030-21737-2_6
https://doi.org/10.1093/alcalc/agh111
https://doi.org/10.1111/acer.12496
https://doi.org/10.1016/j.neuropharm.2017.02.004
https://doi.org/10.1016/j.neuropharm.2017.02.004
https://doi.org/10.1111/adb.12106
https://doi.org/10.1016/j.neulet.2019.134408
https://doi.org/10.1016/j.neulet.2019.134408
https://doi.org/10.1016/j.euroneuro.2016.10.006
https://doi.org/10.4088/PCC.15r01821
https://doi.org/10.1007/s00213-003-1617-5
https://doi.org/10.1007/s00213-003-1617-5
https://doi.org/10.1111/acer.12411
https://doi.org/10.1111/bcpt.12779
https://doi.org/10.1111/bcpt.12779
https://doi.org/10.1055/s-2007-979203
https://doi.org/10.1016/0014-2999(95)00556-0
https://doi.org/10.1016/j.coph.2005.10.002
https://doi.org/10.1038/oby.2003.102
https://doi.org/10.1038/oby.2003.102
https://doi.org/10.1080/02791072.2014.921746
https://doi.org/10.1111/acer.12445
https://doi.org/10.1111/acer.12445
https://doi.org/10.1016/j.jad.2012.05.006
https://doi.org/10.1016/j.jad.2012.05.006
https://doi.org/10.4088/jcp.v69n0502
https://doi.org/10.4088/jcp.v69n0502
https://doi.org/10.1097/JCP.0b013e31814db4c4
https://doi.org/10.1176/appi.ajp.2015.14070857
https://doi.org/10.1111/acer.13928
https://doi.org/10.1016/j.alcohol.2016.02.006
https://doi.org/10.1016/j.alcohol.2016.02.006
https://doi.org/10.1093/schbul/sbl003
https://doi.org/10.1007/s40265-021-01670-3
https://doi.org/10.1007/s00213-016-4333-7
https://doi.org/10.1177/0269881116629126
https://doi.org/10.1007/s40263-014-0183-1
https://doi.org/10.2174/187152706776359592
https://doi.org/10.1097/JCP.0000000000000130
https://doi.org/10.7759/cureus.5139
https://doi.org/10.1016/j.drugalcdep.2020.108495
https://doi.org/10.1111/fcp.12330
https://doi.org/10.1111/fcp.12330
https://doi.org/10.1111/j.1530-0277.2011.01675.x
https://doi.org/10.1111/j.1530-0277.2011.01675.x
https://doi.org/10.1517/17425255.2014.882317
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Cippitelli, A., Damadzic, R., Hamelink, C., Brunnquell, M., Thorsell, A., Heilig,
M., et al. (2014). Binge-like ethanol consumption increases corticosterone levels and
neurodegneration whereas occupancy of type II glucocorticoid receptors with
mifepristone is neuroprotective. Addict. Biol. 19, 27–36. doi:10.1111/j.1369-1600.
2012.00451.x

Citrome, L., O’Malley, S. S., McDonnell, D., Jiang, Y., Simmons, A. C., Berry, M.
P., et al. (2019). Olanzapine plus samidorphan in subjects with schizophrenia and
comorbid alcohol use disorder: Rationale and design for a phase II, double-blind,
randomized study. Innov. Clin. Neurosci. 16, 15–21.

Coderre, T. J., Kumar, N., Lefebvre, C. D., and Yu, J. S. C. (2007). A comparison of
the glutamate release inhibition and anti-allodynic effects of gabapentin,
lamotrigine, and riluzole in a model of neuropathic pain. J. Neurochem. 100,
1289–1299. doi:10.1111/j.1471-4159.2006.04304.x

Cohen, S. M., Alexander, R. S., and Holt, S. R. (2022). The spectrum of alcohol
use: Epidemiology, diagnosis, and treatment. Med. Clin. North Am. 106, 43–60.
doi:10.1016/j.mcna.2021.08.003

Colombo, G., Agabio, R., Carai, M. A. M., Lobina, C., Pani, M., Reali, R., et al.
(2000). Ability of baclofen in reducing alcohol intake and withdrawal severity:
I—preclinical evidence. Alcohol. Clin. Exp. Res. 24, 58–66. doi:10.1111/j.1530-0277.
2000.tb04554.x

Colombo, G., Orrù, A., Lai, P., Cabras, C., Maccioni, P., Rubio, M., et al. (2007).
The cannabinoid CB1 receptor antagonist, rimonabant, as a promising
pharmacotherapy for alcohol dependence: Preclinical evidence. Mol. Neurobiol.
36, 102–112. doi:10.1007/s12035-007-0017-y

Corrêa Filho, J. M., and Baltieri, D. A. (2013). A pilot study of full-dose
ondansetron to treat heavy-drinking men withdrawing from alcohol in Brazil.
Addict. Behav. 38, 2044–2051. doi:10.1016/j.addbeh.2012.12.018

Crews, F. T., Lawrimore, C. J., Walter, T. J., and Coleman, L. G. (2017). The role of
neuroimmune signaling in alcoholism. Neuropharmacology 122, 56–73. doi:10.
1016/j.neuropharm.2017.01.031

Crunelle, C. L., Miller, M. L., Booij, J., and van den Brink,W. (2010). The nicotinic
acetylcholine receptor partial agonist varenicline and the treatment of drug
dependence: A review. Eur. Neuropsychopharmacol. 20, 69–79. doi:10.1016/j.
euroneuro.2009.11.001

Crunelle, C. L., Schulz, S., de Bruin, K., Miller, M. L., van den Brink, W., Booij, J.,
et al. (2011). Dose-dependent and sustained effects of varenicline on dopamine D2/
3 receptor availability in rats. Eur. Neuropsychopharmacol. 21, 205–210. doi:10.
1016/j.euroneuro.2010.11.001

Cunningham, M. O., Woodhall, G. L., Thompson, S. E., Dooley, D. J., and Jones,
R. S. G. (2004). Dual effects of gabapentin and pregabalin on glutamate release at rat
entorhinal synapses in vitro. Eur. J. Neurosci. 20, 1566–1576. doi:10.1111/j.1460-
9568.2004.03625.x

Curioni, C., and André, C. (2006). Rimonabant for overweight or obesity.
Cochrane Database Syst. Rev. 2010, CD006162. doi:10.1002/14651858.
CD006162.pub2

Czachowski, C. L., Froehlich, J. C., and DeLory, M. (2018). The effects of long-
term varenicline administration on ethanol and sucrose seeking and self-
administration in male P rats. Alcohol. Clin. Exp. Res. 42, 453–460. doi:10.1111/
acer.13562

Daly, C., Griffin, E., Ashcroft, D. M., Webb, R. T., Perry, I. J., Arensman, E., et al.
(2017). Intentional drug overdose involving pregabalin and gabapentin: Findings
from the national self-harm registry Ireland, 2007–2015. Clin. Drug Investig. 38,
373–380. 1–8. doi:10.1007/s40261-017-0616-y

Dario, A., and Tomei, G. (2004). A benefit-risk assessment of baclofen in
severe spinal spasticity. Drug Saf. 27, 799–818. doi:10.2165/00002018-
200427110-00004

de Beaurepaire, R., Sinclair, J. M. A., Heydtmann, M., Addolorato, G., Aubin, H.-
J., Beraha, E. M., et al. (2018). The use of baclofen as a treatment for alcohol use
disorder: A clinical practice perspective. Front. Psychiatry 9, 708. doi:10.3389/fpsyt.
2018.00708

de Bejczy, A., Löf, E., Walther, L., Guterstam, J., Hammarberg, A., Asanovska, G.,
et al. (2015). Varenicline for treatment of alcohol dependence: A randomized,
placebo-controlled trial. Alcohol. Clin. Exp. Res. 39, 2189–2199. doi:10.1111/acer.
12854

Denney, W. S., Sonnenberg, G. E., Carvajal-Gonzalez, S., Tuthill, T., and Jackson,
V. M. (2017). Pharmacokinetics and pharmacodynamics of PF-05190457: The first
oral ghrelin receptor inverse agonist to be profiled in healthy subjects. Br. J. Clin.
Pharmacol. 83, 326–338. doi:10.1111/bcp.13127

Dickenson, A. H., and Ghandehari, J. (2007). Anti-convulsants and anti-
depressants. Analg. Elmsford. N. Y)., 145–177. doi:10.1007/978-3-540-33823-9_6

Ding, X., He, M., Kulkarni, R., Patel, N., and Zhang, X. (2013). Investigation of
clinical pharmacokinetic variability of an opioid antagonist through physiologically
based absorption modeling. J. Pharm. Sci. 102, 2859–2874. doi:10.1002/jps.23629

Donato, S., Green, R., and Ray, L. A. (2021). Alcohol use disorder severity
moderates clinical response to varenicline. Alcohol. Clin. Exp. Res. 45, 1877–1887.
doi:10.1111/acer.14674

Donoghue, K., Rose, A., Coulton, S., Milward, J., Reed, K., Drummond, C., et al.
(2016). Double-blind, 12 month follow-up, placebo-controlled trial of mifepristone
on cognition in alcoholics: The MIFCOG trial protocol. BMC Psychiatry 16, 40.
doi:10.1186/s12888-016-0757-1

Dooley, D. J., Mieske, C. A., and Borosky, S. A. (2000). Inhibition of K+-evoked
glutamate release from rat neocortical and hippocampal slices by gabapentin.
Neurosci. Lett. 280, 107–110. doi:10.1016/S0304-3940(00)00769-2

Drake, R. E., Xie, H., McHugo, G. J., and Green, A. I. (2000). The effects of
clozapine on alcohol and drug use disorders among patients with schizophrenia.
Schizophr. Bull. 26, 441–449. doi:10.1093/oxfordjournals.schbul.a033464

Dundon, W., Lynch, K. G., Pettinati, H. M., and Lipkin, C. (2004). Treatment
outcomes in type A and B alcohol dependence 6 months after serotonergic
pharmacotherapy. Alcohol. Clin. Exp. Res. 28, 1065–1073. doi:10.1097/01.alc.
0000130974.50563.04

Ehrich, E., Turncliff, R., Du, Y., Leigh-Pemberton, R., Fernandez, E., Jones, R.,
et al. (2015). Evaluation of opioid modulation in major depressive disorder.
Neuropsychopharmacology 40, 1448–1455. doi:10.1038/npp.2014.330

El-Husseini, A., Sabucedo, A., Lamarche, J., Courville, C., and Peguero, A. (2011).
Baclofen toxicity in patients with advanced nephropathy: Proposal for new labeling.
Am. J. Nephrol. 34, 491–495. doi:10.1159/000333247

Erwin, B. L., and Slaton, R. M. (2014). Varenicline in the treatment of alcohol
use disorders. Ann. Pharmacother. 48, 1445–1455. doi:10.1177/
1060028014545806

Evans, S. M., Levin, F. R., Brooks, D. J., and Garawi, F. (2007). A pilot double-
blind treatment trial of memantine for alcohol dependence. Alcohol. Clin.
Exp. Res. 31, 775–782. doi:10.1111/j.1530-0277.2007.00360.x

Faehrmann, T., Zernig, G., and Mechtcheriakov, S. (2018). Oxytocin and the
mechanisms of alcohol dependence. Neuropsychiatr. 32, 1–8. doi:10.1007/
s40211-017-0229-y

Falk, D. E., O’Malley, S. S., Witkiewitz, K., Anton, R. F., Litten, R. Z., Slater,
M., et al. (2019a). Evaluation of drinking risk levels as outcomes in alcohol
pharmacotherapy trials: A secondary analysis of 3 randomized clinical trials.
JAMA Psychiatry 76, 374–381. doi:10.1001/jamapsychiatry.2018.3079

Falk, D. E., Ryan, M. L., Fertig, J. B., Devine, E. G., Cruz, R., Brown, E. S., et al.
(2019b). Gabapentin Enacarbil extended-release for alcohol use disorder: A
randomized, double-blind, placebo-controlled, multisite trial assessing efficacy
and safety. Alcohol. Clin. Exp. Res. 43, 158–169. doi:10.1111/acer.13917

Farokhnia, M., Faulkner, M. L., Piacentino, D., Lee, M. R., and Leggio, L.
(2019). Ghrelin: From a gut hormone to a potential therapeutic target for
alcohol use disorder. Physiol. Behav. 204, 49–57. doi:10.1016/j.physbeh.2019.
02.008

Farokhnia, M., Lee, M. R., Farinelli, L. A., Ramchandani, V. A., Akhlaghi, F.,
Leggio, L., et al. (2018). Pharmacological manipulation of the ghrelin system
and alcohol hangover symptoms in heavy drinking individuals: Is there a link?
Pharmacol. Biochem. Behav. 172, 39–49. doi:10.1016/j.pbb.2018.07.004

Felice, D., Cryan, J. F., and O’Leary, O. F. (2022). GABAB receptors: Anxiety
and mood disorders. Curr. Top. Behav. Neurosci. 52, 241–265. doi:10.1007/
7854_2020_171

Flanagan, J. C., Allan, N. P., Calhoun, C. D., Badour, C. L., Moran-Santa
Maria, M., Brady, K. T., et al. (2019). Effects of oxytocin on stress reactivity and
craving in veterans with co-occurring PTSD and alcohol use disorder.
Exp. Clin. Psychopharmacol. 27, 45–54. doi:10.1037/pha0000232

Flores-Bonilla, A., and Richardson, H. N. (2020). Sex differences in the
neurobiology of alcohol use disorder. Alcohol Res. 40, 04. doi:10.35946/arcr.v40.
2.04

Fluyau, D., Mitra, P., Jain, A., Kailasam, V. K., and Pierre, C. G. (2022). Selective
serotonin reuptake inhibitors in the treatment of depression, anxiety, and post-
traumatic stress disorder in substance use disorders: A bayesian meta-analysis. Eur.
J. Clin. Pharmacol. 78, 931–942. doi:10.1007/s00228-022-03303-4

Foulds, J., Steinberg, M. B., Williams, J. M., and Ziedonis, D. M. (2006).
Developments in pharmacotherapy for tobacco dependence: Past, present and
future. Drug Alcohol Rev. 25, 59–71. doi:10.1080/09595230500459529

Franchitto, N., Pelissier, F., Lauque, D., Simon, N., and Lançon, C. (2014). Self-
intoxication with baclofen in alcohol-dependent patients with Co-existing
psychiatric illness: An emergency department case series. Alcohol Alcohol 49,
79–83. doi:10.1093/alcalc/agt169

French, J. A., Kanner, A. M., Bautista, J., Abou-Khalil, B., Browne, T., Harden, C.
L., et al. (2004). Efficacy and tolerability of the new antiepileptic drugs II: Treatment
of refractory epilepsy: Report of the therapeutics and technology assessment

Frontiers in Pharmacology frontiersin.org26

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1111/j.1369-1600.2012.00451.x
https://doi.org/10.1111/j.1369-1600.2012.00451.x
https://doi.org/10.1111/j.1471-4159.2006.04304.x
https://doi.org/10.1016/j.mcna.2021.08.003
https://doi.org/10.1111/j.1530-0277.2000.tb04554.x
https://doi.org/10.1111/j.1530-0277.2000.tb04554.x
https://doi.org/10.1007/s12035-007-0017-y
https://doi.org/10.1016/j.addbeh.2012.12.018
https://doi.org/10.1016/j.neuropharm.2017.01.031
https://doi.org/10.1016/j.neuropharm.2017.01.031
https://doi.org/10.1016/j.euroneuro.2009.11.001
https://doi.org/10.1016/j.euroneuro.2009.11.001
https://doi.org/10.1016/j.euroneuro.2010.11.001
https://doi.org/10.1016/j.euroneuro.2010.11.001
https://doi.org/10.1111/j.1460-9568.2004.03625.x
https://doi.org/10.1111/j.1460-9568.2004.03625.x
https://doi.org/10.1002/14651858.CD006162.pub2
https://doi.org/10.1002/14651858.CD006162.pub2
https://doi.org/10.1111/acer.13562
https://doi.org/10.1111/acer.13562
https://doi.org/10.1007/s40261-017-0616-y
https://doi.org/10.2165/00002018-200427110-00004
https://doi.org/10.2165/00002018-200427110-00004
https://doi.org/10.3389/fpsyt.2018.00708
https://doi.org/10.3389/fpsyt.2018.00708
https://doi.org/10.1111/acer.12854
https://doi.org/10.1111/acer.12854
https://doi.org/10.1111/bcp.13127
https://doi.org/10.1007/978-3-540-33823-9_6
https://doi.org/10.1002/jps.23629
https://doi.org/10.1111/acer.14674
https://doi.org/10.1186/s12888-016-0757-1
https://doi.org/10.1016/S0304-3940(00)00769-2
https://doi.org/10.1093/oxfordjournals.schbul.a033464
https://doi.org/10.1097/01.alc.0000130974.50563.04
https://doi.org/10.1097/01.alc.0000130974.50563.04
https://doi.org/10.1038/npp.2014.330
https://doi.org/10.1159/000333247
https://doi.org/10.1177/1060028014545806
https://doi.org/10.1177/1060028014545806
https://doi.org/10.1111/j.1530-0277.2007.00360.x
https://doi.org/10.1007/s40211-017-0229-y
https://doi.org/10.1007/s40211-017-0229-y
https://doi.org/10.1001/jamapsychiatry.2018.3079
https://doi.org/10.1111/acer.13917
https://doi.org/10.1016/j.physbeh.2019.02.008
https://doi.org/10.1016/j.physbeh.2019.02.008
https://doi.org/10.1016/j.pbb.2018.07.004
https://doi.org/10.1007/7854_2020_171
https://doi.org/10.1007/7854_2020_171
https://doi.org/10.1037/pha0000232
https://doi.org/10.35946/arcr.v40.2.04
https://doi.org/10.35946/arcr.v40.2.04
https://doi.org/10.1007/s00228-022-03303-4
https://doi.org/10.1080/09595230500459529
https://doi.org/10.1093/alcalc/agt169
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


subcommittee and quality standards subcommittee of the American academy of
neurology and the American epilepsy society. Neurology 62, 1261–1273. doi:10.
1212/01.wnl.0000123695.22623.32

Froehlich, J. C., Fischer, S. M., Nicholson, E. R., Dilley, J. E., Filosa, N. J., Smith, T.
N., et al. (2017a). A combination of naltrexone + varenicline retards the expression
of a genetic predisposition toward high alcohol drinking. Alcohol. Clin. Exp. Res. 41,
644–652. doi:10.1111/acer.13326

Froehlich, J. C., Nicholson, E. R., Dilley, J. E., Filosa, N. J., Rademacher, L. C.,
Smith, T. N., et al. (2017b). Varenicline reduces alcohol intake during repeated
cycles of alcohol reaccess following deprivation in alcohol-preferring (P) rats.
Alcohol. Clin. Exp. Res. 41, 1510–1517. doi:10.1111/acer.13432

Froemke, R. C., and Young, L. J. (2021). Oxytocin, neural plasticity, and social
behavior. Annu. Rev. Neurosci. 44, 359–381. doi:10.1146/annurev-neuro-102320-
102847

Fucito, L. M., Toll, B. A., Wu, R., Romano, D. M., Tek, E., O’Malley, S. S., et al.
(2011). A preliminary investigation of varenicline for heavy drinking smokers.
Psychopharmacology 215, 655–663. doi:10.1007/s00213-010-2160-9

Gaetani, S., Dipasquale, P., Romano, A., Righetti, L., Cassano, T., Piomelli, D.,
et al. (2009). The endocannabinoid system as a target for novel anxiolytic and
antidepressant drugs. Int. Rev. Neurobiol. 85, 57–72. doi:10.1016/S0074-7742(09)
85005-8

Galicia, M., Dargan, P. I., Dines, A. M., Yates, C., Heyerdahl, F., Hovda, K. E., et al.
(2019). Clinical relevance of ethanol coingestion in patients with GHB/GBL
intoxication. Toxicol. Lett. 314, 37–42. doi:10.1016/j.toxlet.2019.07.001

Garbutt, J. C., Kampov-Polevoy, A. B., Gallop, R., Kalka-Juhl, L., and Flannery, B.
A. (2010). Efficacy and safety of baclofen for alcohol dependence: A randomized,
double-blind, placebo-controlled trial. Alcohol. Clin. Exp. Res. 34, 1849–1857.
doi:10.1111/j.1530-0277.2010.01273.x

Garbutt, J. C., Kampov-Polevoy, A. B., Pedersen, C., Stansbury, M., Jordan, R.,
Willing, L., et al. (2021). Efficacy and tolerability of baclofen in a U.S. Community
population with alcohol use disorder: A dose-response, randomized, controlled
trial. Neuropsychopharmacology 46, 2250–2256. doi:10.1038/s41386-021-01055-w

Garbutt, J. C., West, S. L., Carey, T. S., Lohr, K. N., and Crews, F. T. (1999).
Pharmacological treatment of alcohol dependence: A review of the evidence. JAMA
281, 1318–1325. doi:10.1001/jama.281.14.1318

Garnett, W. R. (2000). Clinical pharmacology of topiramate: A review. Epilepsia
41 (Suppl. 1), S61–S65. doi:10.1111/j.1528-1157.2000.tb02174.x

GBD (2018). The global burden of disease attributable to alcohol and drug use in
195 countries and territories, 1990-2016: A systematic analysis for the global burden of
disease study 2016. Lancet. Psychiatry 5, 987–1012. doi:10.1016/S2215-0366(18)30337-7

Gelfand, E. V., and Cannon, C. P. (2006). Rimonabant: A selective blocker of the
cannabinoid CB1 receptors for the management of obesity, smoking cessation and
cardiometabolic risk factors. Expert Opin. Investig. Drugs 15, 307–315. doi:10.1517/
13543784.15.3.307

George, D. T., Herion, D. W., Jones, C. L., Phillips, M. J., Hersh, J., Hill, D., et al.
(2010). Rimonabant (SR141716) has no effect on alcohol self-administration or
endocrine measures in nontreatment-seeking heavy alcohol drinkers.
Psychopharmacol. (Berl.) 208, 37–44. doi:10.1007/s00213-009-1704-3

Gessa, G. L., Serra, S., Vacca, G., Carai, M. A. M., and Colombo, G. (2005).
Suppressing effect of the cannabinoid CB1 receptor antagonist, SR147778, on
alcohol intake and motivational properties of alcohol in alcohol-preferring sP rats.
Alcohol Alcohol 40, 46–53. doi:10.1093/alcalc/agh114

Gianessi, C. A., Groman, S. M., Thompson, S. L., Jiang, M., van der Stelt, M.,
Taylor, J. R., et al. (2019). Endocannabinoid contributions to alcohol habits and
motivation: Relevance to treatment. Addict. Biol. 25, e12768. doi:10.1111/adb.12768

Gilpin, N. W., Misra, K., Herman, M. A., Cruz, M. T., Koob, G. F., Roberto, M.,
et al. (2011). Neuropeptide Y opposes alcohol effects on gamma-aminobutyric acid
release in amygdala and blocks the transition to alcohol dependence. Biol.
Psychiatry 69, 1091–1099. doi:10.1016/j.biopsych.2011.02.004

Gilpin, N. W. (2012). Neuropeptide Y (NPY) in the extended amygdala is
recruited during the transition to alcohol dependence. Neuropeptides 46,
253–259. doi:10.1016/j.npep.2012.08.001

Green, A. I., Burgess, E. S., Dawson, R., Zimmet, S. V., and Strous, R. D. (2003).
Alcohol and cannabis use in schizophrenia: Effects of clozapine vs. risperidone.
Schizophr. Res. 60, 81–85. doi:10.1016/s0920-9964(02)00231-1

Green, A. I. (2006). Treatment of schizophrenia and comorbid substance abuse:
Pharmacologic approaches. J. Clin. Psychiatry 67 (Suppl. 735), 31–35; quiz 36-37.
quiz 36–37.

Grela, A., Gautam, L., and Cole, M. D. (2018). Amultifactorial critical appraisal of
substances found in drug facilitated sexual assault cases. Forensic Sci. Int. 292,
50–60. doi:10.1016/j.forsciint.2018.08.034

Griebel, G., Simiand, J., Serradeil-Le Gal, C., Wagnon, J., Pascal, M., Scatton, B.,
et al. (2002). Anxiolytic- and antidepressant-like effects of the non-peptide
vasopressin V1b receptor antagonist, SSR149415, suggest an innovative
approach for the treatment of stress-related disorders. Proc. Natl. Acad. Sci. U.
S. A. 99, 6370–6375. doi:10.1073/pnas.092012099

Grundemar, L., and Håkanson, R. (1994). Neuropeptide Y effector systems:
Perspectives for drug development. Trends Pharmacol. Sci. 15, 153–159. doi:10.
1016/0165-6147(94)90076-0

Grunze, H., Schaefer, M., Scherk, H., Born, C., and Preuss, U. W. (2021).
Comorbid bipolar and alcohol use disorder-A therapeutic challenge. Front.
Psychiatry 12, 660432. doi:10.3389/fpsyt.2021.660432

Guardia, J., Roncero, C., Galan, J., Gonzalvo, B., Burguete, T., Casas, M., et al.
(2011). A double-blind, placebo-controlled, randomized pilot study comparing
quetiapine with placebo, associated to naltrexone, in the treatment of alcohol-
dependent patients. Addict. Behav. 36, 265–269. doi:10.1016/j.addbeh.2010.
11.006

Gueye, A. B., Pryslawsky, Y., Trigo, J. M., Poulia, N., Delis, F., Antoniou, K., et al.
(2016). The CB1 neutral antagonist AM4113 retains the therapeutic efficacy of the
inverse agonist rimonabant for nicotine dependence and weight loss with better
psychiatric tolerability. Int. J. Neuropsychopharmacol. 19, pyw068. doi:10.1093/ijnp/
pyw068

Günthner, A., Weissinger, V., Fleischmann, H., Veltrup, C., Jäpel, B., Längle, G.,
et al. (2018). Health care organization - the new German S3-guideline on alcohol-
related disorders and its relevance for health care. Rehabil. (Stuttg) 57, 314–320.
doi:10.1055/s-0043-118955

Hansson, A. C., Koopmann, A., Uhrig, S., Bühler, S., Domi, E., Kiessling, E., et al.
(2018). Oxytocin reduces alcohol cue-reactivity in alcohol-dependent rats and
humans. Neuropsychopharmacology 43, 1235–1246. doi:10.1038/npp.2017.257

Hartwell, M., Sajjadi, N. B., Shepard, S., Whelan, J., Roberts, J., Ford, A. I., et al.
(2022). Rates of discontinuation and non-publication of trials for the
pharmacologic treatment of alcohol use disorder. Subst. Abus. 43, 906–912.
doi:10.1080/08897077.2021.2010261

Hasin, D. S., Stinson, F. S., Ogburn, E., and Grant, B. F. (2007). Prevalence,
correlates, disability, and comorbidity of DSM-IV alcohol abuse and dependence in
the United States: Results from the national epidemiologic survey on alcohol and
related conditions. Arch. Gen. Psychiatry 64, 830–842. doi:10.1001/archpsyc.64.
7.830

Haukka, J., Kriikku, P., Mariottini, C., Partonen, T., and Ojanperä, I. (2018). Non-
medical use of psychoactive prescription drugs is associated with fatal poisoning.
Addiction 113, 464–472. doi:10.1111/add.14014

Hauser, P., Fuller, B., Ho, S. B., Thuras, P., Kern, S., Dieperink, E., et al. (2017).
The safety and efficacy of baclofen to reduce alcohol use in veterans with chronic
hepatitis C: A randomized controlled trial. Addiction 112, 1173–1183. doi:10.1111/
add.13787

Hauser, S. R., Waeiss, R. A., Molosh, A. I., Deehan, G. A., Bell, R. L., McBride, W.
J., et al. (2020). Atrial natriuretic peptide (ANP): A novel mechanism for reducing
ethanol consumption and seeking behaviors in female alcohol preferring (P) rats.
Peptides 134, 170403. doi:10.1016/j.peptides.2020.170403

Hays, J. T., Croghan, I. T., Schroeder, D. R., Ebbert, J. O., and Hurt, R. D. (2011).
Varenicline for tobacco dependence treatment in recovering alcohol-dependent
smokers: An open-label pilot study. J. Subst. Abuse Treat. 40, 102–107. doi:10.1016/
j.jsat.2010.08.009

He, S., Brooks, A. T., Kampman, K. M., and Chakravorty, S. (2019). The
relationship between alcohol craving and insomnia symptoms in alcohol-
dependent individuals. Alcohol Alcohol 54, 287–294. doi:10.1093/alcalc/agz029

Heilig, M., and Koob, G. F. (2007). A key role for corticotropin-releasing factor in
alcohol dependence. Trends Neurosci. 30, 399–406. doi:10.1016/j.tins.2007.06.006

Heilig, M., and Thorsell, A. (2002). Brain neuropeptide Y (NPY) in stress and
alcohol dependence. Rev. Neurosci. 13, 85–94. doi:10.1515/revneuro.2002.13.1.85

Henssler, J., Müller, M., Carreira, H., Bschor, T., Heinz, A., Baethge, C., et al.
(2021). Controlled drinking-non-abstinent versus abstinent treatment goals in
alcohol use disorder: A systematic review, meta-analysis and meta-regression.
Addiction 116, 1973–1987. doi:10.1111/add.15329

Hillemacher, T., Heberlein, A., Muschler, M. A., Bleich, S., and Frieling, H.
(2011). Opioid modulators for alcohol dependence. Expert Opin. Investig. Drugs 20,
1073–1086. doi:10.1517/13543784.2011.592139

Holman, P. J., Ellis, L., Morgan, E., and Weinberg, J. (2018). Prenatal alcohol
exposure disrupts male adolescent social behavior and oxytocin receptor binding in
rodents. Horm. Behav. 105, 115–127. doi:10.1016/j.yhbeh.2018.08.004

Holtyn, A. F., and Weerts, E. M. (2019). Evaluation of mifepristone effects on
alcohol-seeking and self-administration in baboons. Exp. Clin. Psychopharmacol.
27, 227–235. doi:10.1037/pha0000246

Frontiers in Pharmacology frontiersin.org27

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1212/01.wnl.0000123695.22623.32
https://doi.org/10.1212/01.wnl.0000123695.22623.32
https://doi.org/10.1111/acer.13326
https://doi.org/10.1111/acer.13432
https://doi.org/10.1146/annurev-neuro-102320-102847
https://doi.org/10.1146/annurev-neuro-102320-102847
https://doi.org/10.1007/s00213-010-2160-9
https://doi.org/10.1016/S0074-7742(09)85005-8
https://doi.org/10.1016/S0074-7742(09)85005-8
https://doi.org/10.1016/j.toxlet.2019.07.001
https://doi.org/10.1111/j.1530-0277.2010.01273.x
https://doi.org/10.1038/s41386-021-01055-w
https://doi.org/10.1001/jama.281.14.1318
https://doi.org/10.1111/j.1528-1157.2000.tb02174.x
https://doi.org/10.1016/S2215-0366(18)30337-7
https://doi.org/10.1517/13543784.15.3.307
https://doi.org/10.1517/13543784.15.3.307
https://doi.org/10.1007/s00213-009-1704-3
https://doi.org/10.1093/alcalc/agh114
https://doi.org/10.1111/adb.12768
https://doi.org/10.1016/j.biopsych.2011.02.004
https://doi.org/10.1016/j.npep.2012.08.001
https://doi.org/10.1016/s0920-9964(02)00231-1
https://doi.org/10.1016/j.forsciint.2018.08.034
https://doi.org/10.1073/pnas.092012099
https://doi.org/10.1016/0165-6147(94)90076-0
https://doi.org/10.1016/0165-6147(94)90076-0
https://doi.org/10.3389/fpsyt.2021.660432
https://doi.org/10.1016/j.addbeh.2010.11.006
https://doi.org/10.1016/j.addbeh.2010.11.006
https://doi.org/10.1093/ijnp/pyw068
https://doi.org/10.1093/ijnp/pyw068
https://doi.org/10.1055/s-0043-118955
https://doi.org/10.1038/npp.2017.257
https://doi.org/10.1080/08897077.2021.2010261
https://doi.org/10.1001/archpsyc.64.7.830
https://doi.org/10.1001/archpsyc.64.7.830
https://doi.org/10.1111/add.14014
https://doi.org/10.1111/add.13787
https://doi.org/10.1111/add.13787
https://doi.org/10.1016/j.peptides.2020.170403
https://doi.org/10.1016/j.jsat.2010.08.009
https://doi.org/10.1016/j.jsat.2010.08.009
https://doi.org/10.1093/alcalc/agz029
https://doi.org/10.1016/j.tins.2007.06.006
https://doi.org/10.1515/revneuro.2002.13.1.85
https://doi.org/10.1111/add.15329
https://doi.org/10.1517/13543784.2011.592139
https://doi.org/10.1016/j.yhbeh.2018.08.004
https://doi.org/10.1037/pha0000246
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Holtyn, A. F., and Weerts, E. M. (2022). GABAB receptors and alcohol use
disorders: Preclinical studies. Curr. Top. Behav. Neurosci. 52, 157–194. doi:10.1007/
7854_2020_178

Hou, J., Seneviratne, C., Su, X., Taylor, J., Johnson, B., Wang, X.-Q., et al. (2015).
Subgroup identification in personalized treatment of alcohol dependence. Alcohol.
Clin. Exp. Res. 39, 1253–1259. doi:10.1111/acer.12759

Howland, R. H. (2014). Gabapentin for substance use disorders: Is it safe and
appropriate? J. Psychosoc. Nurs. Ment. Health Serv. 52, 13–16. doi:10.3928/
02793695-20131217-01

Howland, R. H. (2013). Mifepristone as a therapeutic agent in psychiatry.
J. Psychosoc. Nurs. Ment. Health Serv. 51, 11–14. doi:10.3928/02793695-
20130513-01

Hurt, R. T., Ebbert, J. O., Croghan, I. T., Schroeder, D. R., Hurt, R. D., Hays, J. T.,
et al. (2018). Varenicline for tobacco-dependence treatment in alcohol-dependent
smokers: A randomized controlled trial. Drug Alcohol Depend. 184, 12–17. doi:10.
1016/j.drugalcdep.2017.11.017

Imbert, B., Alvarez, J.-C., and Simon, N. (2015). Anticraving effect of baclofen in
alcohol-dependent patients. Alcohol. Clin. Exp. Res. 39, 1602–1608. doi:10.1111/
acer.12823

Ingman, K., Kupila, J., Hyytiä, P., and Korpi, E. R. (2006). Effects of aripiprazole
on alcohol intake in an animal model of high-alcohol drinking. Alcohol Alcohol 41,
391–398. doi:10.1093/alcalc/agl037

Ivan Ezquerra-Romano, I., Lawn, W., Krupitsky, E., and Morgan, C. J. A. (2018).
Ketamine for the treatment of addiction: Evidence and potential mechanisms.
Neuropharmacology 142, 72–82. doi:10.1016/j.neuropharm.2018.01.017

Jacquot, C., Croft, A. P., Prendergast, M. A., Mulholland, P., Shaw, S. G.,
Little, H. J., et al. (2008). Effects of the glucocorticoid antagonist, mifepristone,
on the consequences of withdrawal from long term alcohol consumption.
Alcohol. Clin. Exp. Res. 32, 2107–2116. doi:10.1111/j.1530-0277.2008.00799.x

Johnson, B. A., Ait-Daoud, N., Akhtar, F. Z., and Ma, J. Z. (2004). Oral
topiramate reduces the consequences of drinking and improves the quality of
life of alcohol-dependent individuals: A randomized controlled trial. Arch.
Gen. Psychiatry 61, 905–912. doi:10.1001/archpsyc.61.9.905

Johnson, B. A., Ait-Daoud, N., Bowden, C. L., DiClemente, C. C., Roache,
J. D., Lawson, K., et al. (2003a). Oral topiramate for treatment of alcohol
dependence: A randomised controlled trial. Lancet 361, 1677–1685. doi:10.
1016/S0140-6736(03)13370-3

Johnson, B. A., Ait-Daoud, N., Ma, J. Z., and Wang, Y. (2003b). Ondansetron
reduces mood disturbance among biologically predisposed, alcohol-dependent
individuals. Alcohol. Clin. Exp. Res. 27, 1773–1779. doi:10.1097/01.ALC.
0000095635.46911.5D

Johnson, B. A., Ait-Daoud, N., and Prihoda, T. J. (2000a). Combining
ondansetron and naltrexone effectively treats biologically predisposed alcoholics:
From hypotheses to preliminary clinical evidence. Alcohol. Clin. Exp. Res. 24,
737–742. doi:10.1111/j.1530-0277.2000.tb02048.x

Johnson, B. A., Ait-Daoud, N., Seneviratne, C., Roache, J. D., Javors, M. A.,
Wang, X.-Q., et al. (2011). Pharmacogenetic approach at the serotonin
transporter gene as a method of reducing the severity of alcohol drinking.
Am. J. Psychiatry 168, 265–275. doi:10.1176/appi.ajp.2010.10050755

Johnson, B. A., and Ait-Daoud, N. (2010). Topiramate in the new generation
of drugs: Efficacy in the treatment of alcoholic patients. Curr. Pharm. Des. 16,
2103–2112. doi:10.2174/138161210791516404

Johnson, B. A., Campling, G. M., Griffiths, P., and Cowen, P. J. (1993).
Attenuation of some alcohol-induced mood changes and the desire to drink by
5-HT3 receptor blockade: A preliminary study in healthy male volunteers.
Psychopharmacol. (Berl.) 112, 142–144. doi:10.1007/BF02247375

Johnson, B. A. (2005). Recent advances in the development of treatments for
alcohol and cocaine dependence: Focus on topiramate and other modulators of
GABA or glutamate function. CNS Drugs 19, 873–896. doi:10.2165/00023210-
200519100-00005

Johnson, B. A., Roache, J. D., Ait-Daoud, N., Zanca, N. A., and Velazquez, M.
(2002). Ondansetron reduces the craving of biologically predisposed alcoholics.
Psychopharmacology 160, 408–413. doi:10.1007/s00213-002-1002-9

Johnson, B. A., Roache, J. D., Javors, M. A., DiClemente, C. C., Cloninger, C. R.,
Prihoda, T. J., et al. (2000b). Ondansetron for reduction of drinking among
biologically predisposed alcoholic patients: A randomized controlled trial. JAMA
284, 963–971. doi:10.1001/jama.284.8.963

Johnson, B. A., Rosenthal, N., Capece, J. A., Wiegand, F., Mao, L., Beyers, K., et al.
(2007). Topiramate for treating alcohol dependence: A randomized controlled trial.
JAMA 298, 1641–1651. doi:10.1001/jama.298.14.1641

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, 1020–1031. doi:10.1176/appi.ajp.2013.12091163

Johnson, B. A. (2008). Update on neuropharmacological treatments for
alcoholism: Scientific basis and clinical findings. Biochem. Pharmacol. 75, 34–56.
doi:10.1016/j.bcp.2007.08.005

Jonas, D. E., Amick, H. R., Feltner, C., Bobashev, G., Thomas, K., Wines, R., et al.
(2014). Pharmacotherapy for adults with alcohol use disorders in outpatient
settings: A systematic review and meta-analysis. JAMA 311, 1889–1900. doi:10.
1001/jama.2014.3628

Jones, J. L., Mateus, C. F., Malcolm, R. J., Brady, K. T., and Back, S. E. (2018).
Efficacy of ketamine in the treatment of substance use disorders: A systematic
review. Front. Psychiatry 9, 277. doi:10.3389/fpsyt.2018.00277

Kampman, K. M., Pettinati, H. M., Lynch, K. G., Whittingham, T., Macfadden,
W., Dackis, C., et al. (2007). A double-blind, placebo-controlled pilot trial of
quetiapine for the treatment of Type A and Type B alcoholism. J. Clin.
Psychopharmacol. 27, 344–351. doi:10.1097/JCP.0b013e3180ca86e5

Kapil, V., Green, J. L., Le Lait, M.-C., Wood, D. M., and Dargan, P. I. (2014).
Misuse of the γ-aminobutyric acid analogues baclofen, gabapentin and pregabalin
in the UK. Br. J. Clin. Pharmacol. 78, 190–191. doi:10.1111/bcp.12277

Katz, D. A., Liu, W., Locke, C., Dutta, S., and Tracy, K. A. (2016a). Clinical safety
and hypothalamic-pituitary-adrenal axis effects of the arginine vasopressin type 1B
receptor antagonist ABT-436. Psychopharmacol. (Berl.) 233, 71–81. doi:10.1007/
s00213-015-4089-5

Katz, D. A., Locke, C., Greco, N., Liu, W., and Tracy, K. A. (2017). Hypothalamic-
pituitary-adrenal axis and depression symptom effects of an arginine vasopressin
type 1B receptor antagonist in a one-week randomized Phase 1b trial. Brain Behav.
7, e00628. doi:10.1002/brb3.628

Katz, D. A., Locke, C., Liu, W., Zhang, J., Achari, R., Wesnes, K. A., et al. (2016b).
Single-dose interaction study of the arginine vasopressin type 1B receptor
antagonist ABT-436 and alcohol in moderate alcohol drinkers. Alcohol. Clin.
Exp. Res. 40, 838–845. doi:10.1111/acer.12996

Keating, G. M. (2014). Sodium oxybate: A review of its use in alcohol withdrawal
syndrome and in the maintenance of abstinence in alcohol dependence. Clin. Drug
Investig. 34, 63–80. doi:10.1007/s40261-013-0158-x

Kenna, G. A., McGeary, J. E., and Swift, R. M. (2004a). Pharmacotherapy,
pharmacogenomics, and the future of alcohol dependence treatment, part 1.
Am. J. Health. Syst. Pharm. 61, 2272–2279. doi:10.1093/ajhp/61.21.2272

Kenna, G. A., McGeary, J. E., and Swift, R. M. (2004b). Pharmacotherapy,
pharmacogenomics, and the future of alcohol dependence treatment, part 2.
Am. J. Health. Syst. Pharm. 61, 2380–2388. doi:10.1093/ajhp/61.22.2380

Kenna, G. A., Zywiak, W. H., Swift, R. M., McGeary, J. E., Clifford, J. S., Shoaff,
J. R., et al. (2014a). Ondansetron and sertraline may interact with 5-HTTLPR and
DRD4 polymorphisms to reduce drinking in non-treatment seeking alcohol
dependent women: Exploratory findings. Alcohol 48, 515–522. doi:10.1016/j.
alcohol.2014.04.005

Kenna, G. A., Zywiak, W. H., Swift, R. M., McGeary, J. E., Clifford, J. S.,
Shoaff, J. R., et al. (2014b). Ondansetron reduces naturalistic drinking in non-
treatment seeking alcohol dependent individuals with the LL 5′-HTTLPR
genotype: A laboratory study. Alcohol. Clin. Exp. Res. 38, 1567–1574.
doi:10.1111/acer.12410

Kiefer, F., and Mann, K. (2010). Acamprosate: How, where, and for whom does it
work? Mechanism of action, treatment targets, and individualized therapy. Curr.
Pharm. Des. 16, 2098–2102. doi:10.2174/138161210791516341

Kim, J. H., Kim, D., and Marder, S. R. (2008). Time to rehospitalization of
clozapine versus risperidone in the naturalistic treatment of comorbid alcohol use
disorder and schizophrenia. Prog. Neuropsychopharmacol. Biol. Psychiatry 32,
984–988. doi:10.1016/j.pnpbp.2008.01.009

Kim, S., Lee, G., Kim, E., Jung, H., and Chang, J. (2017). Quetiapine misuse and
abuse: Is it an atypical paradigm of drug seeking behavior? J. Res. Pharm. Pract. 6,
12–15. doi:10.4103/2279-042X.200987

King, C. E., and Becker, H. C. (2019). Oxytocin attenuates stress-induced
reinstatement of alcohol seeking behavior in male and female mice.
Psychopharmacol. (Berl.) 236, 2613–2622. doi:10.1007/s00213-019-05233-z

King, C. E., Griffin, W. C., Luderman, L. N., Kates, M. M., McGinty, J. F., Becker,
H. C., et al. (2017). Oxytocin reduces ethanol self-administration in mice. Alcohol.
Clin. Exp. Res. 41, 955–964. doi:10.1111/acer.13359

Kirchoff, R. W., Mohammed, N. M., McHugh, J., Markota, M., Kingsley, T.,
Leung, J., et al. (2021). Naltrexone initiation in the inpatient setting for alcohol use
disorder: A systematic review of clinical outcomes. Mayo Clin. Proc. Innov. Qual.
Outcomes 5, 495–501. doi:10.1016/j.mayocpiqo.2021.01.013

Kishi, T., Sevy, S., Chekuri, R., and Correll, C. U. (2013). Antipsychotics for
primary alcohol dependence: A systematic review and meta-analysis of

Frontiers in Pharmacology frontiersin.org28

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1007/7854_2020_178
https://doi.org/10.1007/7854_2020_178
https://doi.org/10.1111/acer.12759
https://doi.org/10.3928/02793695-20131217-01
https://doi.org/10.3928/02793695-20131217-01
https://doi.org/10.3928/02793695-20130513-01
https://doi.org/10.3928/02793695-20130513-01
https://doi.org/10.1016/j.drugalcdep.2017.11.017
https://doi.org/10.1016/j.drugalcdep.2017.11.017
https://doi.org/10.1111/acer.12823
https://doi.org/10.1111/acer.12823
https://doi.org/10.1093/alcalc/agl037
https://doi.org/10.1016/j.neuropharm.2018.01.017
https://doi.org/10.1111/j.1530-0277.2008.00799.x
https://doi.org/10.1001/archpsyc.61.9.905
https://doi.org/10.1016/S0140-6736(03)13370-3
https://doi.org/10.1016/S0140-6736(03)13370-3
https://doi.org/10.1097/01.ALC.0000095635.46911.5D
https://doi.org/10.1097/01.ALC.0000095635.46911.5D
https://doi.org/10.1111/j.1530-0277.2000.tb02048.x
https://doi.org/10.1176/appi.ajp.2010.10050755
https://doi.org/10.2174/138161210791516404
https://doi.org/10.1007/BF02247375
https://doi.org/10.2165/00023210-200519100-00005
https://doi.org/10.2165/00023210-200519100-00005
https://doi.org/10.1007/s00213-002-1002-9
https://doi.org/10.1001/jama.284.8.963
https://doi.org/10.1001/jama.298.14.1641
https://doi.org/10.1176/appi.ajp.2013.12091163
https://doi.org/10.1016/j.bcp.2007.08.005
https://doi.org/10.1001/jama.2014.3628
https://doi.org/10.1001/jama.2014.3628
https://doi.org/10.3389/fpsyt.2018.00277
https://doi.org/10.1097/JCP.0b013e3180ca86e5
https://doi.org/10.1111/bcp.12277
https://doi.org/10.1007/s00213-015-4089-5
https://doi.org/10.1007/s00213-015-4089-5
https://doi.org/10.1002/brb3.628
https://doi.org/10.1111/acer.12996
https://doi.org/10.1007/s40261-013-0158-x
https://doi.org/10.1093/ajhp/61.21.2272
https://doi.org/10.1093/ajhp/61.22.2380
https://doi.org/10.1016/j.alcohol.2014.04.005
https://doi.org/10.1016/j.alcohol.2014.04.005
https://doi.org/10.1111/acer.12410
https://doi.org/10.2174/138161210791516341
https://doi.org/10.1016/j.pnpbp.2008.01.009
https://doi.org/10.4103/2279-042X.200987
https://doi.org/10.1007/s00213-019-05233-z
https://doi.org/10.1111/acer.13359
https://doi.org/10.1016/j.mayocpiqo.2021.01.013
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


placebo-controlled trials. J. Clin. Psychiatry 74, e642–654. doi:10.4088/JCP.
12r08178

Kobayashi, T., Washiyama, K., and Ikeda, K. (2006). Inhibition of G protein-
activated inwardly rectifying K+ channels by ifenprodil. Neuropsychopharmacology
31, 516–524. doi:10.1038/sj.npp.1300844

Koenig, H. N., and Olive, M. F. (2004). The glucocorticoid receptor antagonist
mifepristone reduces ethanol intake in rats under limited access conditions.
Psychoneuroendocrinology 29, 999–1003. doi:10.1016/j.psyneuen.2003.09.004

Kohno, M., Link, J., Dennis, L. E., McCready, H., Huckans, M., Hoffman, W. F.,
et al. (2019). Neuroinflammation in addiction: A review of neuroimaging studies
and potential immunotherapies. Pharmacol. Biochem. Behav. 179, 34–42. doi:10.
1016/j.pbb.2019.01.007

Kolik, L. G., Nadorova, A. V., and Seredenin, S. B. (2017). Non-competitive
NMDA receptor antagonist hemantane reduces ethanol consumption in long-term
alcohol experienced rats. Bull. Exp. Biol. Med. 164, 152–157. doi:10.1007/s10517-
017-3946-0

Kranzler, H. R., Armeli, S., Feinn, R., Tennen, H., Gelernter, J., Covault, J., et al.
(2014a). GRIK1 genotype moderates topiramate’s effects on daily drinking level,
expectations of alcohol’s positive effects and desire to drink. Int.
J. Neuropsychopharmacol. 17, 1549–1556. doi:10.1017/S1461145714000510

Kranzler, H. R., Armeli, S., and Tennen, H. (2012a). Post-treatment outcomes in a
double-blind, randomized trial of sertraline for alcohol dependence. Alcohol. Clin.
Exp. Res. 36, 739–744. doi:10.1111/j.1530-0277.2011.01659.x

Kranzler, H. R., Armeli, S., Wetherill, R., Feinn, R., Tennen, H., Gelernter, J., et al.
(2016). Self-efficacy mediates the effects of topiramate and GRIK1 genotype on
drinking. Addict. Biol. 21, 450–459. doi:10.1111/adb.12207

Kranzler, H. R., Covault, J., Feinn, R., Armeli, S., Tennen, H., Arias, A. J., et al.
(2014b). Topiramate treatment for heavy drinkers: Moderation by a
GRIK1 polymorphism. Am. J. Psychiatry 171, 445–452. doi:10.1176/appi.ajp.
2013.13081014

Kranzler, H. R., Feinn, R., Armeli, S., and Tennen, H. (2012b). Comparison of
alcoholism subtypes as moderators of the response to sertraline treatment. Alcohol.
Clin. Exp. Res. 36, 509–516. doi:10.1111/j.1530-0277.2011.01609.x

Kranzler, H. R., Feinn, R., Morris, P., and Hartwell, E. E. (2019). A meta-analysis
of the efficacy of gabapentin for treating alcohol use disorder. Addiction 114,
1547–1555. doi:10.1111/add.14655

Kranzler, H. R., Feinn, R., Pond, T., Hartwell, E., Gelernter, J., Crist, R. C., et al.
(2022). Post-treatment effects of topiramate on alcohol-related outcomes: A
combined analysis of two placebo-controlled trials. Addict. Biol. 27, e13130.
doi:10.1111/adb.13130

Kranzler, H. R., Morris, P. E., Pond, T., Crist, R. C., Kampman, K. M., Hartwell, E.
E., et al. (2021). Prospective randomized pharmacogenetic study of topiramate for
treating alcohol use disorder. Neuropsychopharmacology 46, 1407–1413. doi:10.
1038/s41386-020-00945-9

Kranzler, H. R., Pierucci-Lagha, A., Feinn, R., and Hernandez-Avila, C. (2003).
Effects of ondansetron in early- versus late-onset alcoholics: A prospective, open-
label study. Alcohol. Clin. Exp. Res. 27, 1150–1155. doi:10.1097/01.ALC.
0000075547.77464.76

Krishnan-Sarin, S., O’Malley, S. S., Franco, N., Cavallo, D. A., Morean, M., Shi, J.,
et al. (2015). N-methyl-D-aspartate receptor antagonism has differential effects on
alcohol craving and drinking in heavy drinkers. Alcohol. Clin. Exp. Res. 39, 300–307.
doi:10.1111/acer.12619

Krupitsky, E. M., Neznanova, O., Masalov, D., Burakov, A. M., Didenko, T.,
Romanova, T., et al. (2007). Effect of memantine on cue-induced alcohol craving in
recovering alcohol-dependent patients. Am. J. Psychiatry 164, 519–523. doi:10.
1176/ajp.2007.164.3.519

Krupitsky, E. M., Rybakova, K. V., Kiselev, A. S., Alexeeva, Y. V., Berntsev, V. A.,
Chekhlaty, E. I., et al. (2015). Double blind placebo controlled randomized pilot
clinical trial of baclofen (Baclosan®) for alcohol dependence. Zh. Nevrol. Psikhiatr.
Im. S. S. Korsakova 115, 53–62. doi:10.17116/jnevro20151156153-62

Kwako, L. E., Spagnolo, P. A., Schwandt, M. L., Thorsell, A., George, D. T.,
Momenan, R., et al. (2015). The corticotropin releasing hormone-1 (CRH1)
receptor antagonist pexacerfont in alcohol dependence: A randomized
controlled experimental medicine study. Neuropsychopharmacology 40,
1053–1063. doi:10.1038/npp.2014.306

Laas, K., Reif, A., Akkermann, K., Kiive, E., Domschke, K., Lesch, K.-P., et al.
(2015). Neuropeptide S receptor gene variant and environment: Contribution to
alcohol use disorders and alcohol consumption. Addict. Biol. 20, 605–616. doi:10.
1111/adb.12149

Lallemand, F., and De Witte, P. (2006). SR147778, a CB1 cannabinoid receptor
antagonist, suppresses ethanol preference in chronically alcoholized Wistar rats.
Alcohol 39, 125–134. doi:10.1016/j.alcohol.2006.08.001

Landmark, C. J. (2007). Targets for antiepileptic drugs in the synapse. Med. Sci.
Monit. 13, RA1–7.

Larsen, A. R., Cummings, J. R., von Esenwein, S. A., and Druss, B. G. (2022).
Trends in alcohol use disorder treatment utilization and setting from 2008 to 2017.
Psychiatr. Serv. 72 (6), 708–711. doi:10.1176/appi.ps.202000323

Le Fauve, C. E., Litten, R. Z., Randall, C. L., Moak, D. H., Salloum, I. M., Green, A.
I., et al. (2004). Pharmacological treatment of alcohol abuse/dependence with
psychiatric comorbidity. Alcohol. Clin. Exp. Res. 28, 302–312. doi:10.1097/01.alc.
0000113413.37910.d7

Lee, M. R., Farokhnia, M., Cobbina, E., Saravanakumar, A., Li, X., Battista, J. T.,
et al. (2020a). Endocrine effects of the novel ghrelin receptor inverse agonist PF-
5190457: Results from a placebo-controlled human laboratory alcohol co-
administration study in heavy drinkers. Neuropharmacology 170, 107788. doi:10.
1016/j.neuropharm.2019.107788

Lee, M. R., Schwandt, M. L., Sankar, V., Suchankova, P., Sun, H., Leggio, L., et al.
(2017). Effect of alcohol use disorder on oxytocin peptide and receptor mRNA
expression in human brain: A post-mortem case-control study.
Psychoneuroendocrinology 85, 14–19. doi:10.1016/j.psyneuen.2017.07.481

Lee, M. R., Tapocik, J. D., Ghareeb, M., Schwandt, M. L., Dias, A. A., Le, A. N.,
et al. (2020b). The novel ghrelin receptor inverse agonist PF-5190457 administered
with alcohol: Preclinical safety experiments and a phase 1b human laboratory study.
Mol. Psychiatry 25, 461–475. doi:10.1038/s41380-018-0064-y

Lee, M. R., and Weerts, E. M. (2016). Oxytocin for the treatment of drug and
alcohol use disorders. Behav. Pharmacol. 27, 640–648. doi:10.1097/FBP.
0000000000000258

Lee, S.-Y., Wang, T.-Y., Chen, S.-L., Chang, Y.-H., Chen, P.-S., Huang, S.-Y., et al.
(2018). Add-on memantine treatment for bipolar II disorder comorbid with alcohol
dependence: A 12-week follow-up study. Alcohol. Clin. Exp. Res. 42, 1044–1050.
doi:10.1111/acer.13640

Léger, M., Brunet, M., Le Roux, G., Lerolle, N., and Boels, D. (2017). Baclofen
self-poisoning in the era of changing indication: Multicentric reports to a
French poison control centre. Alcohol Alcohol 52, 665–670. doi:10.1093/alcalc/
agx072

Leggio, L., and Litten, R. Z. (2021). The GABA-B receptor agonist baclofen helps
patients with alcohol use disorder: Why these findings matter.
Neuropsychopharmacology 46, 2228–2229. doi:10.1038/s41386-021-01142-y

Leggio, L. (2010). Role of the ghrelin system in alcoholism: Acting on the growth
hormone secretagogue receptor to treat alcohol-related diseases. Drug News
Perspect. 23, 157–166. doi:10.1358/dnp.2010.23.3.1429490

Lejoyeux, M., and Adès, J. (1993). Evaluation of lithium treatment in alcoholism.
Alcohol Alcohol 28, 273–279.

Leone, M. A., Vigna-Taglianti, F., Avanzi, G., Brambilla, R., and Faggiano, F.
(2010). Gamma-hydroxybutyrate (GHB) for treatment of alcohol withdrawal and
prevention of relapses. Cochrane Database Syst. Rev., CD006266. doi:10.1002/
14651858.CD006266.pub2

Leung, J. G., Hall-Flavin, D., Nelson, S., Schmidt, K. A., and Schak, K. M. (2015).
The role of gabapentin in the management of alcohol withdrawal and dependence.
Ann. Pharmacother. 49, 897–906. doi:10.1177/1060028015585849

Leung, N. Y., Whyte, I. M., and Isbister, G. K. (2006). Baclofen overdose: Defining
the spectrum of toxicity. Emerg. Med. Australas. 18, 77–82. doi:10.1111/j.1742-
6723.2006.00805.x

Likhitsathian, S., Uttawichai, K., Booncharoen, H., Wittayanookulluk, A.,
Angkurawaranon, C., Srisurapanont, M., et al. (2013). Topiramate treatment for
alcoholic outpatients recently receiving residential treatment programs: A 12-week,
randomized, placebo-controlled trial. Drug Alcohol Depend. 133, 440–446. doi:10.
1016/j.drugalcdep.2013.06.032

Litten, R. Z., Fertig, J. B., Falk, D. E., Ryan, M. L., Mattson, M. E., Collins, J. F.,
et al. (2012). A double-blind, placebo-controlled trial to assess the efficacy of
quetiapine fumarate XR in very heavy-drinking alcohol-dependent patients.
Alcohol. Clin. Exp. Res. 36, 406–416. doi:10.1111/j.1530-0277.2011.01649.x

Litten, R. Z., Ryan, M. L., Fertig, J. B., Falk, D. E., Johnson, B., Dunn, K. E., et al.
(2013). A double-blind, placebo-controlled trial assessing the efficacy of varenicline
tartrate for alcohol dependence. J. Addict. Med. 7, 277–286. doi:10.1097/ADM.
0b013e31829623f4

Lowery, E. G., and Thiele, T. E. (2010). Pre-clinical evidence that corticotropin-
releasing factor (CRF) receptor antagonists are promising targets for
pharmacological treatment of alcoholism. CNS Neurol. Disord. Drug Targets 9,
77–86. doi:10.2174/187152710790966605

Lundberg, S., Roman, E., and Bell, R. L. (2021). Behavioral profiles of adolescent
alcohol-preferring/non-preferring (P/NP) and high/low alcohol-drinking (HAD/
LAD) rats are dependent on line but not sex. Front. Neurosci. 15, 811401. doi:10.
3389/fnins.2021.811401

Frontiers in Pharmacology frontiersin.org29

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.4088/JCP.12r08178
https://doi.org/10.4088/JCP.12r08178
https://doi.org/10.1038/sj.npp.1300844
https://doi.org/10.1016/j.psyneuen.2003.09.004
https://doi.org/10.1016/j.pbb.2019.01.007
https://doi.org/10.1016/j.pbb.2019.01.007
https://doi.org/10.1007/s10517-017-3946-0
https://doi.org/10.1007/s10517-017-3946-0
https://doi.org/10.1017/S1461145714000510
https://doi.org/10.1111/j.1530-0277.2011.01659.x
https://doi.org/10.1111/adb.12207
https://doi.org/10.1176/appi.ajp.2013.13081014
https://doi.org/10.1176/appi.ajp.2013.13081014
https://doi.org/10.1111/j.1530-0277.2011.01609.x
https://doi.org/10.1111/add.14655
https://doi.org/10.1111/adb.13130
https://doi.org/10.1038/s41386-020-00945-9
https://doi.org/10.1038/s41386-020-00945-9
https://doi.org/10.1097/01.ALC.0000075547.77464.76
https://doi.org/10.1097/01.ALC.0000075547.77464.76
https://doi.org/10.1111/acer.12619
https://doi.org/10.1176/ajp.2007.164.3.519
https://doi.org/10.1176/ajp.2007.164.3.519
https://doi.org/10.17116/jnevro20151156153-62
https://doi.org/10.1038/npp.2014.306
https://doi.org/10.1111/adb.12149
https://doi.org/10.1111/adb.12149
https://doi.org/10.1016/j.alcohol.2006.08.001
https://doi.org/10.1176/appi.ps.202000323
https://doi.org/10.1097/01.alc.0000113413.37910.d7
https://doi.org/10.1097/01.alc.0000113413.37910.d7
https://doi.org/10.1016/j.neuropharm.2019.107788
https://doi.org/10.1016/j.neuropharm.2019.107788
https://doi.org/10.1016/j.psyneuen.2017.07.481
https://doi.org/10.1038/s41380-018-0064-y
https://doi.org/10.1097/FBP.0000000000000258
https://doi.org/10.1097/FBP.0000000000000258
https://doi.org/10.1111/acer.13640
https://doi.org/10.1093/alcalc/agx072
https://doi.org/10.1093/alcalc/agx072
https://doi.org/10.1038/s41386-021-01142-y
https://doi.org/10.1358/dnp.2010.23.3.1429490
https://doi.org/10.1002/14651858.CD006266.pub2
https://doi.org/10.1002/14651858.CD006266.pub2
https://doi.org/10.1177/1060028015585849
https://doi.org/10.1111/j.1742-6723.2006.00805.x
https://doi.org/10.1111/j.1742-6723.2006.00805.x
https://doi.org/10.1016/j.drugalcdep.2013.06.032
https://doi.org/10.1016/j.drugalcdep.2013.06.032
https://doi.org/10.1111/j.1530-0277.2011.01649.x
https://doi.org/10.1097/ADM.0b013e31829623f4
https://doi.org/10.1097/ADM.0b013e31829623f4
https://doi.org/10.2174/187152710790966605
https://doi.org/10.3389/fnins.2021.811401
https://doi.org/10.3389/fnins.2021.811401
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Lynch, W. J., Bond, C., Breslin, F. J., and Johnson, B. A. (2011). Severity of
drinking as a predictor of efficacy of the combination of ondansetron and
topiramate in rat models of ethanol consumption and relapse. Psychopharmacol.
Berl. 217, 3–12. doi:10.1007/s00213-011-2253-0

Maccioni, P., Colombo, G., and Carai, M. A. M. (2010). Blockade of the
cannabinoid CB1 receptor and alcohol dependence: Preclinical evidence and
preliminary clinical data. CNS Neurol. Disord. Drug Targets 9, 55–59. doi:10.
2174/187152710790966623

MacDonald, E., Dadds, M. R., Brennan, J. L., Williams, K., Levy, F., Cauchi, A. J.,
et al. (2011). A review of safety, side-effects and subjective reactions to intranasal
oxytocin in human research. Psychoneuroendocrinology 36, 1114–1126. doi:10.
1016/j.psyneuen.2011.02.015

Malinowska, B., Napiórkowska-Pawlak, D., Pawlak, R., Buczko, W., and Göthert,
M. (1999). Ifenprodil influences changes in mouse behaviour related to acute and
chronic ethanol administration. Eur. J. Pharmacol. 377, 13–19. doi:10.1016/s0014-
2999(99)00393-3

Mannucci, C., Pichini, S., Spagnolo, E. V., Calapai, F., Gangemi, S., Navarra, M.,
et al. (2018). Sodium oxybate therapy for alcohol withdrawal syndrome and keeping
of alcohol abstinence. Curr. Drug Metab. 19, 1056–1064. doi:10.2174/
1389200219666171207122227

Mariani, J. J., Rosenthal, R. N., Tross, S., Singh, P., and Anand, O. P. (2006). A
randomized, open-label, controlled trial of gabapentin and phenobarbital in the
treatment of alcohol withdrawal. Am. J. Addict. 15, 76–84. doi:10.1080/
10550490500419110

Marsh, N., Marsh, A. A., Lee, M. R., and Hurlemann, R. (2021). Oxytocin and the
neurobiology of prosocial behavior. Neuroscientist. 27, 604–619. doi:10.1177/
1073858420960111

Martinotti, G., Andreoli, S., Di Nicola, M., Di Giannantonio, M., Sarchiapone, M.,
Janiri, L., et al. (2008). Quetiapine decreases alcohol consumption, craving, and
psychiatric symptoms in dually diagnosed alcoholics. Hum. Psychopharmacol. 23,
417–424. doi:10.1002/hup.944

Martinotti, G., Di Nicola, M., Di Giannantonio, M., and Janiri, L. (2009).
Aripiprazole in the treatment of patients with alcohol dependence: A double-
blind, comparison trial vs. naltrexone. J. Psychopharmacol. Oxf. 23, 123–129. doi:10.
1177/0269881108089596

Martinotti, G., Orsolini, L., Fornaro, M., Vecchiotti, R., De Berardis, D., Iasevoli,
F., et al. (2016). Aripiprazole for relapse prevention and craving in alcohol use
disorder: Current evidence and future perspectives. Expert Opin. Investig. Drugs 25,
719–728. doi:10.1080/13543784.2016.1175431

Martı´nez-Raga, J., Sabater, A., Perez-Galvez, B., Castellano, M., and Cervera, G.
(2004). Add-on gabapentin in the treatment of opiate withdrawal. Prog.
Neuropsychopharmacol. Biol. Psychiatry 28, 599–601. doi:10.1016/j.pnpbp.2003.
11.020

Mason, B. J., Quello, S., Goodell, V., Shadan, F., Kyle, M., Begovic, A., et al. (2014).
Gabapentin treatment for alcohol dependence: A randomized clinical trial. JAMA
Intern. Med. 174, 70–77. doi:10.1001/jamainternmed.2013.11950

Mason, B. J., Quello, S., and Shadan, F. (2018). Gabapentin for the treatment of
alcohol use disorder. Expert Opin. Investig. Drugs 27, 113–124. doi:10.1080/
13543784.2018.1417383

McElroy, S. L., Arnold, L. M., Shapira, N. A., Keck, P. E., Rosenthal, N. R., Karim,
M. R., et al. (2003). Topiramate in the treatment of binge eating disorder associated
with obesity: A randomized, placebo-controlled trial. Am. J. Psychiatry 160,
255–261. doi:10.1176/appi.ajp.160.2.255

McElroy, S. L., Guerdjikova, A. I., Blom, T. J., Crow, S. J., Memisoglu, A.,
Silverman, B. L., et al. (2013). A placebo-controlled pilot study of the novel opioid
receptor antagonist ALKS-33 in binge eating disorder. Int. J. Eat. Disord. 46,
239–245. doi:10.1002/eat.22114

McHugh, R. K., and Weiss, R. D. (2019). Alcohol use disorder and depressive
disorders. Alcohol Res. 40, arcr.v40.1.01. arcr.v40. doi:10.35946/arcr.v40.1.01

McKee, S. A., Harrison, E. L. R., O’Malley, S. S., Krishnan-Sarin, S., Shi, J.,
Tetrault, J. M., et al. (2009). Varenicline reduces alcohol self-administration in
heavy-drinking smokers. Biol. Psychiatry 66, 185–190. doi:10.1016/j.biopsych.2009.
01.029

Mersfelder, T. L., and Nichols, W. H. (2016). Gabapentin: Abuse, dependence,
and withdrawal. Ann. Pharmacother. 50, 229–233. doi:10.1177/1060028015620800

Meszaros, Z. S., Abdul-malak, Y., Dimmock, J. A., Wang, D., Ajagbe, T. O., Batki,
S. L., et al. (2013). Varenicline treatment of concurrent alcohol and nicotine
dependence in schizophrenia: A randomized, placebo-controlled pilot trial.
J. Clin. Psychopharmacol. 33, 243–247. doi:10.1097/JCP.0b013e3182870551

Miller, W. R., and Wilbourne, P. L. (2002). Mesa grande: A methodological
analysis of clinical trials of treatments for alcohol use disorders. Addiction 97,
265–277. doi:10.1046/j.1360-0443.2002.00019.x

Miranda, R., O’Malley, S. S., Treloar Padovano, H., Wu, R., Falk, D. E., Ryan, M.
L., et al. (2020). Effects of alcohol cue reactivity on subsequent treatment outcomes
among treatment-seeking individuals with alcohol use disorder: A multisite
randomized, double-blind, placebo-controlled clinical trial of varenicline.
Alcohol. Clin. Exp. Res. 44, 1431–1443. doi:10.1111/acer.14352

Miró, Ò., Galicia, M., Dargan, P., Dines, A. M., Giraudon, I., Heyerdahl, F.,
et al. (2017). Intoxication by gamma hydroxybutyrate and related analogues:
Clinical characteristics and comparison between pure intoxication and that
combined with other substances of abuse. Toxicol. Lett. 277, 84–91. doi:10.
1016/j.toxlet.2017.05.030

Mitchell, J. M., Arcuni, P. A., Weinstein, D., and Woolley, J. D. (2016). Intranasal
oxytocin selectively modulates social perception, craving, and approach behavior in
subjects with alcohol use disorder. J. Addict. Med. 10, 182–189. doi:10.1097/ADM.
0000000000000213

Mitchell, J. M., Teague, C. H., Kayser, A. S., Bartlett, S. E., and Fields, H. L. (2012).
Varenicline decreases alcohol consumption in heavy-drinking smokers.
Psychopharmacology 223, 299–306. doi:10.1007/s00213-012-2717-x

Montebello, M. E., and Brett, J. (2017). Misuse and associated harms of quetiapine
and other atypical antipsychotics. Curr. Top. Behav. Neurosci. 34, 125–139. doi:10.
1007/7854_2015_424

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, 35–42. doi:10.
1037/a0035215

Morley, K. C., Baillie, A., Fraser, I., Furneaux-Bate, A., Dore, G., Roberts, M., et al.
(2018). Baclofen in the treatment of alcohol dependence with or without liver
disease: Multisite, randomised, double-blind, placebo-controlled trial. Br.
J. Psychiatry 212, 362–369. doi:10.1192/bjp.2018.13

Morley, K. C., Baillie, A., Leung, S., Addolorato, G., Leggio, L., and Haber,
P. S. (2014). Baclofen for the treatment of alcohol dependence and possible
role of comorbid anxiety. Alcohol Alcohol 49, 654–660. doi:10.1093/alcalc/
agu062

Mouslech, Z., and Valla, V. (2009). Endocannabinoid system: An overview of its
potential in current medical practice. Neuro Endocrinol. Lett. 30, 153–179.

Müller, C. A., Geisel, O., Banas, R., and Heinz, A. (2014). Current
pharmacological treatment approaches for alcohol dependence. Expert Opin.
Pharmacother. 15, 471–481. doi:10.1517/14656566.2014.876008

Müller, C. A., Geisel, O., Pelz, P., Higl, V., Krüger, J., Stickel, A., et al. (2015).
High-dose baclofen for the treatment of alcohol dependence (baclad study): A
randomized, placebo-controlled trial. Eur. Neuropsychopharmacol. 25, 1167–1177.
doi:10.1016/j.euroneuro.2015.04.002

Mutschler, J., Grosshans, M., Soyka, M., and Rösner, S. (2016). Current findings
and mechanisms of action of disulfiram in the treatment of alcohol dependence.
Pharmacopsychiatry 49, 137–141. doi:10.1055/s-0042-103592

Myrick, H., Malcolm, R., Randall, P. K., Boyle, E., Anton, R. F., Becker, H. C., et al.
(2009). A double-blind trial of gabapentin versus lorazepam in the treatment of
alcohol withdrawal. Alcohol. Clin. Exp. Res. 33, 1582–1588. doi:10.1111/j.1530-
0277.2009.00986.x

Na, P. J., Ralevski, E., Jegede, O., Wolfgang, A., and Petrakis, I. L. (2021).
Depression and/or PTSD comorbidity affects response to antidepressants in
those with alcohol use disorder. Front. Psychiatry 12, 768318. doi:10.3389/
fpsyt.2021.768318

Naglich, A. C., Bozeman, S., Brown, E. S., and Adinoff, B. (2019). Effect of
selective serotonin reuptake inhibitors on healthcare utilization in patients with
post-traumatic stress disorder and alcohol use disorder. Alcohol Alcohol 54,
428–434. doi:10.1093/alcalc/agz045

Narayanan, B., Stevens, M. C., Jiantonio, R. E., Krystal, J. H., and Pearlson, G. D.
(2013). Effects of memantine on event-related potential, oscillations, and
complexity in individuals with and without family histories of alcoholism.
J. Stud. Alcohol Drugs 74, 245–257. doi:10.15288/jsad.2013.74.245

Nirogi, R., Kandikere, V., Jayarajan, P., Bhyrapuneni, G., Saralaya, R., Muddana,
N., et al. (2013). Aripiprazole in an animal model of chronic alcohol consumption
and dopamine D₂ receptor occupancy in rats. Am. J. Drug Alcohol Abuse 39, 72–79.
doi:10.3109/00952990.2012.730590

Nocente, R., Vitali, M., Balducci, G., Enea, D., Kranzler, H. R., Ceccanti, M., et al.
(2013). Varenicline and neuronal nicotinic acetylcholine receptors: A new approach
to the treatment of co-occurring alcohol and nicotine addiction? Am. J. Addict. 22,
453–459. doi:10.1111/j.1521-0391.2013.12037.x

Nucifora, F. C., Mihaljevic, M., Lee, B. J., and Sawa, A. (2017). Clozapine as a
model for antipsychotic development. Neurotherapeutics 14, 750–761. doi:10.1007/
s13311-017-0552-9

Frontiers in Pharmacology frontiersin.org30

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1007/s00213-011-2253-0
https://doi.org/10.2174/187152710790966623
https://doi.org/10.2174/187152710790966623
https://doi.org/10.1016/j.psyneuen.2011.02.015
https://doi.org/10.1016/j.psyneuen.2011.02.015
https://doi.org/10.1016/s0014-2999(99)00393-3
https://doi.org/10.1016/s0014-2999(99)00393-3
https://doi.org/10.2174/1389200219666171207122227
https://doi.org/10.2174/1389200219666171207122227
https://doi.org/10.1080/10550490500419110
https://doi.org/10.1080/10550490500419110
https://doi.org/10.1177/1073858420960111
https://doi.org/10.1177/1073858420960111
https://doi.org/10.1002/hup.944
https://doi.org/10.1177/0269881108089596
https://doi.org/10.1177/0269881108089596
https://doi.org/10.1080/13543784.2016.1175431
https://doi.org/10.1016/j.pnpbp.2003.11.020
https://doi.org/10.1016/j.pnpbp.2003.11.020
https://doi.org/10.1001/jamainternmed.2013.11950
https://doi.org/10.1080/13543784.2018.1417383
https://doi.org/10.1080/13543784.2018.1417383
https://doi.org/10.1176/appi.ajp.160.2.255
https://doi.org/10.1002/eat.22114
https://doi.org/10.35946/arcr.v40.1.01
https://doi.org/10.1016/j.biopsych.2009.01.029
https://doi.org/10.1016/j.biopsych.2009.01.029
https://doi.org/10.1177/1060028015620800
https://doi.org/10.1097/JCP.0b013e3182870551
https://doi.org/10.1046/j.1360-0443.2002.00019.x
https://doi.org/10.1111/acer.14352
https://doi.org/10.1016/j.toxlet.2017.05.030
https://doi.org/10.1016/j.toxlet.2017.05.030
https://doi.org/10.1097/ADM.0000000000000213
https://doi.org/10.1097/ADM.0000000000000213
https://doi.org/10.1007/s00213-012-2717-x
https://doi.org/10.1007/7854_2015_424
https://doi.org/10.1007/7854_2015_424
https://doi.org/10.1037/a0035215
https://doi.org/10.1037/a0035215
https://doi.org/10.1192/bjp.2018.13
https://doi.org/10.1093/alcalc/agu062
https://doi.org/10.1093/alcalc/agu062
https://doi.org/10.1517/14656566.2014.876008
https://doi.org/10.1016/j.euroneuro.2015.04.002
https://doi.org/10.1055/s-0042-103592
https://doi.org/10.1111/j.1530-0277.2009.00986.x
https://doi.org/10.1111/j.1530-0277.2009.00986.x
https://doi.org/10.3389/fpsyt.2021.768318
https://doi.org/10.3389/fpsyt.2021.768318
https://doi.org/10.1093/alcalc/agz045
https://doi.org/10.15288/jsad.2013.74.245
https://doi.org/10.3109/00952990.2012.730590
https://doi.org/10.1111/j.1521-0391.2013.12037.x
https://doi.org/10.1007/s13311-017-0552-9
https://doi.org/10.1007/s13311-017-0552-9
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


Nunes, E. V., and Levin, F. R. (2004). Treatment of depression in patients with
alcohol or other drug dependence: A meta-analysis. JAMA 291, 1887–1896. doi:10.
1001/jama.291.15.1887

Oberlin, B. G., Bristow, R. E., Heighton, M. E., and Grahame, N. J. (2010).
Pharmacologic dissociation between impulsivity and alcohol drinking in high
alcohol preferring mice. Alcohol. Clin. Exp. Res. 34, 1363–1375. doi:10.1111/j.
1530-0277.2010.01220.x

O’Malley, S. S., Todtenkopf, M. S., Du, Y., Ehrich, E., and Silverman, B. L. (2018).
Effects of the opioid system modulator, samidorphan, on measures of alcohol
consumption and patient-reported outcomes in adults with alcohol dependence.
Alcohol. Clin. Exp. Res. 42, 2011–2021. doi:10.1111/acer.13849

O’Malley, S. S., Zweben, A., Fucito, L. M., Wu, R., Piepmeier, M. E., Ockert, D. M.,
et al. (2017). Effect of varenicline combined with medical management on alcohol
use disorder with comorbid cigarette smoking: A randomized clinical trial. JAMA
Psychiatry 75, 129–138. doi:10.1001/jamapsychiatry.2017.3544

Overstreet, D. H., and Griebel, G. (2005). Antidepressant-like effects of the
vasopressin V1b receptor antagonist SSR149415 in the Flinders Sensitive Line rat.
Pharmacol. Biochem. Behav. 82, 223–227. doi:10.1016/j.pbb.2005.07.021

Pani, P. P., Trogu, E., Pacini, M., and Maremmani, I. (2014). Anticonvulsants for
alcohol dependence. Cochrane Database Syst. Rev. CD008544. doi:10.1002/
14651858.CD008544.pub2

Paquette, C. E., Daughters, S. B., and Witkiewitz, K. (2022). Expanding the
continuum of substance use disorder treatment: Nonabstinence approaches. Clin.
Psychol. Rev. 91, 102110. doi:10.1016/j.cpr.2021.102110

Pathak, S., Vince, B., Kelsh, D., Setnik, B., Nangia, N., DiPetrillo, L., et al. (2019).
Abuse potential of samidorphan: A phase I, oxycodone-pentazocine-naltrexone-
and placebo-controlled study. J. Clin. Pharmacol. 59, 218–228. doi:10.1002/jcph.
1343

Pedersen, C. A., Smedley, K. L., Leserman, J., Jarskog, L. F., Rau, S. W., Kampov-
Polevoi, A., et al. (2013). Intranasal oxytocin blocks alcohol withdrawal in human
subjects. Alcohol. Clin. Exp. Res. 37, 484–489. doi:10.1111/j.1530-0277.2012.01958.x

Perucca, E., and Bialer, M. (1996). The clinical pharmacokinetics of the newer
antiepileptic drugs. Focus on topiramate, zonisamide and tiagabine. Clin.
Pharmacokinet. 31, 29–46. doi:10.2165/00003088-199631010-00003

Pettinati, H. M., Volpicelli, J. R., Kranzler, H. R., Luck, G., Rukstalis, M. R., Cnaan,
A., et al. (2000). Sertraline treatment for alcohol dependence: Interactive effects of
medication and alcoholic subtype. Alcohol. Clin. Exp. Res. 24, 1041–1049. doi:10.
1111/j.1530-0277.2000.tb04648.x

Phillips, T. J., Reed, C., and Pastor, R. (2015). Preclinical evidence implicating
corticotropin-releasing factor signaling in ethanol consumption and
neuroadaptation. Genes. Brain Behav. 14, 98–135. doi:10.1111/gbb.12189

Pierce, M., Sutterland, A., Beraha, E. M., Morley, K., and van den Brink, W.
(2018). Efficacy, tolerability, and safety of low-dose and high-dose baclofen in
the treatment of alcohol dependence: A systematic review and meta-analysis.
Eur. Neuropsychopharmacol. 28, 795–806. doi:10.1016/j.euroneuro.2018.
03.017

Plebani, J. G., Lynch, K. G., Rennert, L., Pettinati, H. M., O’Brien, C. P.,
Kampman, K. M., et al. (2013). Results from a pilot clinical trial of varenicline
for the treatment of alcohol dependence. Drug Alcohol Depend. 133, 754–758.
doi:10.1016/j.drugalcdep.2013.06.019

Plebani, J. G., Lynch, K. G., Yu, Q., Pettinati, H. M., O’Brien, C. P., Kampman, K.
M., et al. (2012). Results of an initial clinical trial of varenicline for the treatment of
cocaine dependence.Drug Alcohol Depend. 121, 163–166. doi:10.1016/j.drugalcdep.
2011.08.025

Pomrenze, M. B., Fetterly, T. L., Winder, D. G., and Messing, R. O. (2017). The
corticotropin releasing factor receptor 1 in alcohol use disorder: Still a valid drug
target? Alcohol. Clin. Exp. Res. 41, 1986–1999. doi:10.1111/acer.13507

Ponizovsky, A. M., Rosca, P., Aronovich, E., Weizman, A., and Grinshpoon, A.
(2015). Baclofen as add-on to standard psychosocial treatment for alcohol
dependence: A randomized, double-blind, placebo-controlled trial with 1Year
follow-up. J. Subst. Abuse Treat. 52, 24–30. doi:10.1016/j.jsat.2014.11.007

Prisciandaro, J. J., Hoffman, M., Brown, T. R., Voronin, K., Book, S., Bristol, E.,
et al. (2021). Effects of gabapentin on dorsal anterior cingulate cortex GABA and
glutamate levels and their associations with abstinence in alcohol use disorder: A
randomized clinical trial. Am. J. Psychiatry 178, 829–837. doi:10.1176/appi.ajp.
2021.20121757

Raich, A., Ballbè, M., Nieva, G., Cano, M., Fernández, T., Bruguera, E.,
et al. (2016). Safety of varenicline for smoking cessation in psychiatric and
addicts patients. Subst. Use Misuse 51, 649–657. doi:10.3109/10826084.2015.
1133646

Ratajczak, P., Kus, K., Giermaziak,W., and Nowakowska, E. (2016). The influence
of aripiprazole and olanzapine on the anxiolytic-like effect observed in prenatally

stressed rats (animal model of schizophrenia) exposed to the ethyl alcohol.
Pharmacol. Rep. 68, 415–422. doi:10.1016/j.pharep.2015.10.010

Ray, L. A., Bujarski, S., Shoptaw, S., Roche, D. J., Heinzerling, K., Miotto, K., et al.
(2017). Development of the neuroimmune modulator ibudilast for the treatment of
alcoholism: A randomized, placebo-controlled, human laboratory trial.
Neuropsychopharmacology 42, 1776–1788. doi:10.1038/npp.2017.10

Ray, L. A., Chin, P. F., Heydari, A., and Miotto, K. (2011). A human laboratory
study of the effects of quetiapine on subjective intoxication and alcohol craving.
Psychopharmacol. (Berl.) 217, 341–351. doi:10.1007/s00213-011-2287-3

Ray, L. A., Courtney, K. E., Ghahremani, D. G., Miotto, K., Brody, A., London, E.
D., et al. (2015). Varenicline, naltrexone, and their combination for heavy-drinking
smokers: Preliminary neuroimaging findings. Am. J. Drug Alcohol Abuse 41, 35–44.
doi:10.3109/00952990.2014.927881

Ray, L. A., Heydari, A., and Zorick, T. (2010). Quetiapine for the treatment of
alcoholism: Scientific rationale and review of the literature. Drug Alcohol Rev. 29,
568–575. doi:10.1111/j.1465-3362.2010.00185.x

Reinscheid, R. K., and Xu, Y.-L. (2005). Neuropeptide S and its receptor: A newly
deorphanized G protein-coupled receptor system. Neuroscientist 11, 532–538.
doi:10.1177/1073858405276405

Repunte-Canonigo, V., Shin,W., Vendruscolo, L. F., Lefebvre, C., van der Stap, L.,
Kawamura, T., et al. (2015). Identifying candidate drivers of alcohol dependence-
induced excessive drinking by assembly and interrogation of brain-specific
regulatory networks. Genome Biol. 16, 68. doi:10.1186/s13059-015-0593-5

Reynaud, M., Aubin, H.-J., Trinquet, F., Zakine, B., Dano, C., Dematteis, M., et al.
(2017). A randomized, placebo-controlled study of high-dose baclofen in alcohol-
dependent patients—the ALPADIR study. Alcohol Alcohol 52, 439–446. doi:10.
1093/alcalc/agx030

Rizzi, A., Vergura, R., Marzola, G., Ruzza, C., Guerrini, R., Salvadori, S., et al.
(2008). Neuropeptide S is a stimulatory anxiolytic agent: A behavioural study in
mice. Br. J. Pharmacol. 154, 471–479. doi:10.1038/bjp.2008.96

Roberts, W., Harrison, E. L. R., and McKee, S. A. (2017). Effects of varenicline on
alcohol cue reactivity in heavy drinkers. Psychopharmacology 234, 2737–2745.
doi:10.1007/s00213-017-4667-9

Robinson, J. D., Cui, Y., Karam-Hage, M., Kypriotakis, G., Versace, F., Ait-Daoud
Tiouririne, N., et al. (2022). Topiramate decreases the salience of motivationally
relevant visual cues among smokers with alcohol use disorder. Alcohol. Clin.
Exp. Res. 46, 384–395. doi:10.1111/acer.14771

Robinson, S. L., and Thiele, T. E. (2017). The role of neuropeptide Y (NPY) in
alcohol and drug abuse disorders. Int. Rev. Neurobiol. 136, 177–197. doi:10.1016/bs.
irn.2017.06.005

Rodríguez de Fonseca, F., Del Arco, I., Bermudez-Silva, F. J., Bilbao, A., Cippitelli,
A., Navarro, M., et al. (2005). The endocannabinoid system: Physiology and
pharmacology. Alcohol Alcohol 40, 2–14. doi:10.1093/alcalc/agh110

Rodriguez, F. D., and Coveñas, R. (2017). Targeting NPY, CRF/UCNs and NPS
neuropeptide systems to treat alcohol use disorder (AUD). Curr. Med. Chem. 24,
2528–2558. doi:10.2174/0929867324666170316120836

Rogawski, M. A., and Löscher, W. (2004). The neurobiology of antiepileptic
drugs. Nat. Rev. Neurosci. 5, 553–564. doi:10.1038/nrn1430

Rolland, B., Labreuche, J., Duhamel, A., Deheul, S., Gautier, S., Auffret, M., et al.
(2015). Baclofen for alcohol dependence: Relationships between baclofen and
alcohol dosing and the occurrence of major sedation. Eur.
Neuropsychopharmacol. 25, 1631–1636. doi:10.1016/j.euroneuro.2015.05.008

Rose, A. K., and Jones, A. (2018). Baclofen: Its effectiveness in reducing harmful
drinking, craving, and negative mood. A meta-analysis. Addiction 113, 1396–1406.
doi:10.1111/add.14191

Roy Chengappa, K. N., Levine, J., Rathore, D., Parepally, H., and Atzert, R. (2001).
Long-term effects of topiramate on bipolar mood instability, weight change and
glycemic control: A case-series. Eur. Psychiatry 16, 186–190. doi:10.1016/s0924-
9338(01)00562-4

Ruggeri, B., Braconi, S., Cannella, N., Kallupi, M., Soverchia, L., Ciccocioppo, R.,
et al. (2010). Neuropeptide S receptor gene expression in alcohol withdrawal and
protracted abstinence in postdependent rats. Alcohol. Clin. Exp. Res. 34, 90–97.
doi:10.1111/j.1530-0277.2009.01070.x

Ryabinin, A. E., and Giardino, W. J. (2017). Contribution of urocortin to the
development of excessive drinking. Int. Rev. Neurobiol. 136, 275–291. doi:10.1016/
bs.irn.2017.06.007

Ryabinin, A. E., and Zhang, Y. (2022). Barriers and breakthroughs in targeting the
oxytocin system to treat alcohol use disorder. Front. Psychiatry 13, 842609. doi:10.
3389/fpsyt.2022.842609

Ryan, M. L., Falk, D. E., Fertig, J. B., Rendenbach-Mueller, B., Katz, D. A., Tracy,
K. A., et al. (2017). A phase 2, double-blind, placebo-controlled randomized trial

Frontiers in Pharmacology frontiersin.org31

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1001/jama.291.15.1887
https://doi.org/10.1001/jama.291.15.1887
https://doi.org/10.1111/j.1530-0277.2010.01220.x
https://doi.org/10.1111/j.1530-0277.2010.01220.x
https://doi.org/10.1111/acer.13849
https://doi.org/10.1001/jamapsychiatry.2017.3544
https://doi.org/10.1016/j.pbb.2005.07.021
https://doi.org/10.1002/14651858.CD008544.pub2
https://doi.org/10.1002/14651858.CD008544.pub2
https://doi.org/10.1016/j.cpr.2021.102110
https://doi.org/10.1002/jcph.1343
https://doi.org/10.1002/jcph.1343
https://doi.org/10.1111/j.1530-0277.2012.01958.x
https://doi.org/10.2165/00003088-199631010-00003
https://doi.org/10.1111/j.1530-0277.2000.tb04648.x
https://doi.org/10.1111/j.1530-0277.2000.tb04648.x
https://doi.org/10.1111/gbb.12189
https://doi.org/10.1016/j.euroneuro.2018.03.017
https://doi.org/10.1016/j.euroneuro.2018.03.017
https://doi.org/10.1016/j.drugalcdep.2013.06.019
https://doi.org/10.1016/j.drugalcdep.2011.08.025
https://doi.org/10.1016/j.drugalcdep.2011.08.025
https://doi.org/10.1111/acer.13507
https://doi.org/10.1016/j.jsat.2014.11.007
https://doi.org/10.1176/appi.ajp.2021.20121757
https://doi.org/10.1176/appi.ajp.2021.20121757
https://doi.org/10.3109/10826084.2015.1133646
https://doi.org/10.3109/10826084.2015.1133646
https://doi.org/10.1016/j.pharep.2015.10.010
https://doi.org/10.1038/npp.2017.10
https://doi.org/10.1007/s00213-011-2287-3
https://doi.org/10.3109/00952990.2014.927881
https://doi.org/10.1111/j.1465-3362.2010.00185.x
https://doi.org/10.1177/1073858405276405
https://doi.org/10.1186/s13059-015-0593-5
https://doi.org/10.1093/alcalc/agx030
https://doi.org/10.1093/alcalc/agx030
https://doi.org/10.1038/bjp.2008.96
https://doi.org/10.1007/s00213-017-4667-9
https://doi.org/10.1111/acer.14771
https://doi.org/10.1016/bs.irn.2017.06.005
https://doi.org/10.1016/bs.irn.2017.06.005
https://doi.org/10.1093/alcalc/agh110
https://doi.org/10.2174/0929867324666170316120836
https://doi.org/10.1038/nrn1430
https://doi.org/10.1016/j.euroneuro.2015.05.008
https://doi.org/10.1111/add.14191
https://doi.org/10.1016/s0924-9338(01)00562-4
https://doi.org/10.1016/s0924-9338(01)00562-4
https://doi.org/10.1111/j.1530-0277.2009.01070.x
https://doi.org/10.1016/bs.irn.2017.06.007
https://doi.org/10.1016/bs.irn.2017.06.007
https://doi.org/10.3389/fpsyt.2022.842609
https://doi.org/10.3389/fpsyt.2022.842609
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


assessing the efficacy of ABT-436, a novel V1b receptor antagonist, for alcohol
dependence. Neuropsychopharmacology 42, 1012–1023. doi:10.1038/npp.2016.214

Salloum, I. M., and Brown, E. S. (2017). Management of comorbid bipolar
disorder and substance use disorders. Am. J. Drug Alcohol Abuse 43, 366–376.
doi:10.1080/00952990.2017.1292279

Sani, G., Serra, G., Kotzalidis, G. D., Romano, S., Tamorri, S. M., Manfredi,
G., et al. (2012). The role of memantine in the treatment of psychiatric
disorders other than the dementias: A review of current preclinical and
clinical evidence. CNS Drugs 26, 663–690. doi:10.2165/11634390-000000000-
00000

Schacht, J. P., Voronin, K. E., Randall, P. K., and Anton, R. F. (2018).
Dopaminergic genetic variation influences aripiprazole effects on alcohol
self-administration and the neural response to alcohol cues in a randomized
trial. Neuropsychopharmacology 43, 1247–1256. doi:10.1038/npp.2017.298

Schep, L. J., Knudsen, K., Slaughter, R. J., Vale, J. A., and Mégarbane, B. (2012).
The clinical toxicology of γ-hydroxybutyrate, γ-butyrolactone and 1, 4-butanediol.
Clin. Toxicol. 50, 458–470. doi:10.3109/15563650.2012.702218

Schindler, C. W., Redhi, G. H., Vemuri, K., Makriyannis, A., Le Foll, B., Bergman,
J., et al. (2016). Blockade of nicotine and cannabinoid reinforcement and relapse by
a cannabinoid CB1-receptor neutral antagonist AM4113 and inverse agonist
rimonabant in squirrel monkeys. Neuropsychopharmacology 41, 2283–2293.
doi:10.1038/npp.2016.27

Schreiber, A. L., and Gilpin, N. W. (2018). Corticotropin-releasing factor (CRF)
neurocircuitry and Neuropharmacology in alcohol drinking. Handb.
Exp. Pharmacol. 248, 435–471. doi:10.1007/164_2017_86

Schwandt, M. L., Cortes, C. R., Kwako, L. E., George, D. T., Momenan, R., Sinha,
R., et al. (2016). The CRF1 antagonist verucerfont in anxious alcohol-dependent
women: Translation of neuroendocrine, but not of anti-craving effects.
Neuropsychopharmacology 41, 2818–2829. doi:10.1038/npp.2016.61

Schwenkgrub, J., Zaremba, M., Mirowska-Guzel, D., and Kurkowska-
Jastrzębska, I. (2017). Ibudilast: A non-selective phosphodiesterase inhibitor
in brain disorders. Postepy Hig. Med. Dosw. 71, 0. doi:10.5604/01.3001.0010.
3798

Secades, J. J., and Lorenzo, J. L. (2006). Citicoline: Pharmacological and clinical
review, 2006 update. Methods Find. Exp. Clin. Pharmacol. 28 (Suppl. B), 1–56.

Shank, R. P., Gardocki, J. F., Streeter, A. J., and Maryanoff, B. E. (2000). An
overview of the preclinical aspects of topiramate: Pharmacology, pharmacokinetics,
and mechanism of action. Epilepsia 41 (Suppl. 1), S3–S9. doi:10.1111/j.1528-1157.
2000.tb02163.x

Sharrett-Field, L., Butler, T. R., Berry, J. N., Reynolds, A. R., and Prendergast, M.
A. (2013). Mifepristone pretreatment reduces ethanol withdrawal severity in vivo.
Alcohol. Clin. Exp. Res. 37, 1417–1423. doi:10.1111/acer.12093

Shen, W. W. (2018a). Anticraving therapy for alcohol use disorder: A clinical
review. Neuropsychopharmacol. Rep. 38, 105–116. doi:10.1002/npr2.12028

Shen, W. W. (2018b). Anticraving therapy for alcohol use disorder: A clinical
review. Neuropsychopharmacol. Rep. 38, 105–116. doi:10.1002/npr2.12028

Simpson, T. L., Saxon, A. J., Stappenbeck, C., Malte, C. A., Lyons, R., Tell, D., et al.
(2018). Double-blind randomized clinical trial of prazosin for alcohol use disorder.
Am. J. Psychiatry 175, 1216–1224. doi:10.1176/appi.ajp.2018.17080913

Skala, K., Caputo, F., Mirijello, A., Vassallo, G., Antonelli, M., Ferrulli, A., et al.
(2014). Sodium oxybate in the treatment of alcohol dependence: From the alcohol
withdrawal syndrome to the alcohol relapse prevention. Expert Opin.
Pharmacother. 15, 245–257. doi:10.1517/14656566.2014.863278

Smith, R. V., Havens, J. R., and Walsh, S. L. (2016). Gabapentin misuse, abuse,
and diversion: A systematic review. Addiction 111, 1160–1174. doi:10.1111/add.
13324

Sommer, W., and Spanagel, R. (2013). Behavioral neurobiology of alcohol
addiction. Preface. Curr. Top. Behav. Neurosci. 13–vii. doi:10.1007/978-3-642-
28720-6

Soyka,M., Koller, G., Schmidt, P., Lesch, O.-M., Leweke, M., Fehr, C., et al. (2008).
Cannabinoid receptor 1 blocker rimonabant (SR 141716) for treatment of alcohol
dependence: Results from a placebo-controlled, double-blind trial. J. Clin.
Psychopharmacol. 28, 317–324. doi:10.1097/JCP.0b013e318172b8bc

Soyka, M., Kranzler, H. R., Hesselbrock, V., Kasper, S., Mutschler, J., Möller, H.-J.,
et al. (2017). Guidelines for biological treatment of substance use and related
disorders, part 1: Alcoholism, first revision. World J. Biol. Psychiatry 18, 86–119.
doi:10.1080/15622975.2016.1246752

Soyka, M., and Lieb, M. (2015). Recent developments in pharmacotherapy of
alcoholism. Pharmacopsychiatry 48, 123–135. doi:10.1055/s-0035-1547237

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

Soyka, M., and Mutschler, J. (2016). Treatment-refractory substance use disorder:
Focus on alcohol, opioids, and cocaine. Prog. Neuropsychopharmacol. Biol.
Psychiatry 70, 148–161. doi:10.1016/j.pnpbp.2015.11.003

Soyka, M., and Roesner, S. (2006). New pharmacological approaches for the
treatment of alcoholism. Expert Opin. Pharmacother. 7, 2341–2353. doi:10.1517/
14656566.7.17.2341

Spanagel, R. (2009). Alcoholism: A systems approach from molecular physiology
to addictive behavior. Physiol. Rev. 89, 649–705. doi:10.1152/physrev.00013.2008

Sparrow, A. M., Lowery-Gionta, E. G., Pleil, K. E., Li, C., Sprow, G. M., Cox, B. R.,
et al. (2012). Central neuropeptide Y modulates binge-like ethanol drinking in
C57BL/6J mice via Y1 and Y2 receptors. Neuropsychopharmacology 37, 1409–1421.
doi:10.1038/npp.2011.327

Steinberg, B. A., and Cannon, C. P. (2007). Cannabinoid-1 receptor blockade in
cardiometabolic risk reduction: Safety, tolerability, and therapeutic potential. Am.
J. Cardiol. 100, 27P-32P. doi:10.1016/j.amjcard.2007.10.011

Steinberg, M. B., Bover, M. T., Richardson, D. L., Schmelzer, A. C., Williams,
J. M., Foulds, J., et al. (2011). Abstinence and psychological distress in co-morbid
smokers using various pharmacotherapies. Drug Alcohol Depend. 114, 77–81.
doi:10.1016/j.drugalcdep.2010.06.022

Stevenson, J. R., Wenner, S. M., Freestone, D. M., Romaine, C. C., Parian, M. C.,
Christian, S. M., et al. (2017). Oxytocin reduces alcohol consumption in prairie
voles. Physiol. Behav. 179, 411–421. doi:10.1016/j.physbeh.2017.07.021

Sugaya, N., Ogai, Y., Aikawa, Y., Yumoto, Y., Takahama, M., Tanaka, M., et al.
(2018). A randomized controlled study of the effect of ifenprodil on alcohol use in
patients with alcohol dependence. Neuropsychopharmacol. Rep. 38, 9–17. doi:10.
1002/npr2.12001

Sullivan, R., Hodgman, M. J., Kao, L., and Tormoehlen, L. M. (2012). Baclofen
overdose mimicking brain death. Clin. Toxicol. 50, 141–144. doi:10.3109/15563650.
2011.654209

Tai, S., Vasiljevik, T., Sherwood, A. M., Eddington, S., Wilson, C. D., Prisinzano,
T. E., et al. (2018). Assessment of rimonabant-like adverse effects of purported
CB1R neutral antagonist/CB2R agonist aminoalkylindole derivatives in mice. Drug
Alcohol Depend. 192, 285–293. doi:10.1016/j.drugalcdep.2018.08.011

Tanner, D., Minley, K., Snider, K., Hartwell, M., Torgerson, T., Ottwell, R., et al.
(2022). Alcohol use disorder: An analysis of the evidence underpinning clinical
practice guidelines. Drug Alcohol Depend. 232, 109287. doi:10.1016/j.drugalcdep.
2022.109287

Tasan, R. O., Verma, D., Wood, J., Lach, G., Hörmer, B., de Lima, T. C. M., et al.
(2016). The role of Neuropeptide Y in fear conditioning and extinction.
Neuropeptides 55, 111–126. doi:10.1016/j.npep.2015.09.007

Thompson, M. D., and Kenna, G. A. (2016). Variation in the serotonin
transporter gene and alcoholism: Risk and response to pharmacotherapy.
Alcohol Alcohol 51, 164–171. doi:10.1093/alcalc/agv090

Thorsell, A. (2010). Brain neuropeptide Y and corticotropin-releasing hormone
in mediating stress and anxiety. Exp. Biol. Med. (Maywood) 235, 1163–1167. doi:10.
1258/ebm.2010.009331

Tonstad, S., and Aubin, H.-J. (2012). Efficacy of a dose range of surinabant, a
cannabinoid receptor blocker, for smoking cessation: A randomized controlled clinical
trial. J. Psychopharmacol. Oxf. 26, 1003–1009. doi:10.1177/0269881111431623

Torrens, M., Fonseca, F., Mateu, G., and Farré, M. (2005). Efficacy of
antidepressants in substance use disorders with and without comorbid
depression. A systematic review and meta-analysis. Drug Alcohol Depend.
78, 1–22. doi:10.1016/j.drugalcdep.2004.09.004

Tunstall, B. J., Kirson, D., Zallar, L. J., McConnell, S. A., Vendruscolo, J. C. M., Ho,
C. P., et al. (2019). Oxytocin blocks enhanced motivation for alcohol in alcohol
dependence and blocks alcohol effects on GABAergic transmission in the central
amygdala. PLoS Biol. 17, e2006421. doi:10.1371/journal.pbio.2006421

Turna, J., Syan, S. K., Frey, B. N., Rush, B., Costello, M. J., Weiss, M., et al.
(2019). Cannabidiol as a novel candidate alcohol use disorder
pharmacotherapy: A systematic review. Alcohol. Clin. Exp. Res. 43, 550–563.
doi:10.1111/acer.13964

Turncliff, R., DiPetrillo, L., Silverman, B., and Ehrich, E. (2015). Single- and
multiple-dose pharmacokinetics of samidorphan, a novel opioid antagonist, in
healthy volunteers. Clin. Ther. 37, 338–348. doi:10.1016/j.clinthera.2014.
10.001

Tyson, L. D., Cheng, A., Kelleher, C., Strathie, K., Lovendoski, J., Habtemariam,
Z., et al. (2022). Acamprosate may be safer than baclofen for the treatment of
alcohol use disorder in patients with cirrhosis: A first description of use in real-
world clinical practice. Eur. J. Gastroenterol. Hepatol. 34, 567–575. doi:10.1097/
MEG.0000000000002304

van den Brink, W., Addolorato, G., Aubin, H.-J., Benyamina, A., Caputo, F.,
Dematteis, M., et al. (2018). Efficacy and safety of sodium oxybate in alcohol-

Frontiers in Pharmacology frontiersin.org32

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1038/npp.2016.214
https://doi.org/10.1080/00952990.2017.1292279
https://doi.org/10.2165/11634390-000000000-00000
https://doi.org/10.2165/11634390-000000000-00000
https://doi.org/10.1038/npp.2017.298
https://doi.org/10.3109/15563650.2012.702218
https://doi.org/10.1038/npp.2016.27
https://doi.org/10.1007/164_2017_86
https://doi.org/10.1038/npp.2016.61
https://doi.org/10.5604/01.3001.0010.3798
https://doi.org/10.5604/01.3001.0010.3798
https://doi.org/10.1111/j.1528-1157.2000.tb02163.x
https://doi.org/10.1111/j.1528-1157.2000.tb02163.x
https://doi.org/10.1111/acer.12093
https://doi.org/10.1002/npr2.12028
https://doi.org/10.1002/npr2.12028
https://doi.org/10.1176/appi.ajp.2018.17080913
https://doi.org/10.1517/14656566.2014.863278
https://doi.org/10.1111/add.13324
https://doi.org/10.1111/add.13324
https://doi.org/10.1007/978-3-642-28720-6
https://doi.org/10.1007/978-3-642-28720-6
https://doi.org/10.1097/JCP.0b013e318172b8bc
https://doi.org/10.1080/15622975.2016.1246752
https://doi.org/10.1055/s-0035-1547237
https://doi.org/10.1080/14656566.2017.1349098
https://doi.org/10.1016/j.pnpbp.2015.11.003
https://doi.org/10.1517/14656566.7.17.2341
https://doi.org/10.1517/14656566.7.17.2341
https://doi.org/10.1152/physrev.00013.2008
https://doi.org/10.1038/npp.2011.327
https://doi.org/10.1016/j.amjcard.2007.10.011
https://doi.org/10.1016/j.drugalcdep.2010.06.022
https://doi.org/10.1016/j.physbeh.2017.07.021
https://doi.org/10.1002/npr2.12001
https://doi.org/10.1002/npr2.12001
https://doi.org/10.3109/15563650.2011.654209
https://doi.org/10.3109/15563650.2011.654209
https://doi.org/10.1016/j.drugalcdep.2018.08.011
https://doi.org/10.1016/j.drugalcdep.2022.109287
https://doi.org/10.1016/j.drugalcdep.2022.109287
https://doi.org/10.1016/j.npep.2015.09.007
https://doi.org/10.1093/alcalc/agv090
https://doi.org/10.1258/ebm.2010.009331
https://doi.org/10.1258/ebm.2010.009331
https://doi.org/10.1177/0269881111431623
https://doi.org/10.1016/j.drugalcdep.2004.09.004
https://doi.org/10.1371/journal.pbio.2006421
https://doi.org/10.1111/acer.13964
https://doi.org/10.1016/j.clinthera.2014.10.001
https://doi.org/10.1016/j.clinthera.2014.10.001
https://doi.org/10.1097/MEG.0000000000002304
https://doi.org/10.1097/MEG.0000000000002304
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703


dependent patients with a very high drinking risk level. Addict. Biol. 23, 969–986.
doi:10.1111/adb.12645

Vasiljevik, T., Franks, L. N., Ford, B. M., Douglas, J. T., Prather, P. L., Fantegrossi,
W. E., et al. (2013). Design, synthesis, and biological evaluation of aminoalkylindole
derivatives as cannabinoid receptor ligands with potential for treatment of alcohol
abuse. J. Med. Chem. 56, 4537–4550. doi:10.1021/jm400268b

Vendruscolo, L. F., Barbier, E., Schlosburg, J. E., Misra, K. K., Whitfield, T. W.,
Logrip, M. L., et al. (2012). Corticosteroid-dependent plasticity mediates
compulsive alcohol drinking in rats. J. Neurosci. 32, 7563–7571. doi:10.1523/
JNEUROSCI.0069-12.2012

Vendruscolo, L. F., Estey, D., Goodell, V., Macshane, L. G., Logrip, M. L.,
Schlosburg, J. E., et al. (2015). Glucocorticoid receptor antagonism decreases
alcohol seeking in alcohol-dependent individuals. J. Clin. Investig. 125,
3193–3197. doi:10.1172/JCI79828

Vengeliene, V., Bachteler, D., Danysz,W., and Spanagel, R. (2005). The role of the
NMDA receptor in alcohol relapse: A pharmacological mapping study using the
alcohol deprivation effect. Neuropharmacology 48, 822–829. doi:10.1016/j.
neuropharm.2005.01.002

Vengeliene, V., Olevska, A., and Spanagel, R. (2015). Long-lasting effect of
NMDA receptor antagonist memantine on ethanol-cue association and relapse.
J. Neurochem. 135, 1080–1085. doi:10.1111/jnc.13350

Voris, J., Smith, N. L., Rao, S. M., Thorne, D. L., and Flowers, Q. J. (2003).
Gabapentin for the treatment of ethanol withdrawal. Subst. Abus. 24, 129–132.
doi:10.1080/08897070309511541

Voronin, K., Randall, P., Myrick, H., and Anton, R. (2008). Aripiprazole effects on
alcohol consumption and subjective reports in a clinical laboratory paradigm--
possible influence of self-control. Alcohol. Clin. Exp. Res. 32, 1954–1961. doi:10.
1111/j.1530-0277.2008.00783.x

Wallhed Finn, S., Lundin, A., Sjöqvist, H., and Danielsson, A.-K. (2021).
Pharmacotherapy for alcohol use disorders - unequal provision across
sociodemographic factors and co-morbid conditions. A cohort study of the total
population in Sweden.Drug Alcohol Depend. 227, 108964. doi:10.1016/j.drugalcdep.
2021.108964

Watson, W. P., Robinson, E., and Little, H. J. (1997). The novel anticonvulsant,
gabapentin, protects against both convulsant and anxiogenic aspects of the ethanol
withdrawal syndrome. Neuropharmacology 36, 1369–1375. doi:10.1016/S0028-
3908(97)00118-4

Weiss, F., and Porrino, L. J. (200220026359). Behavioral neurobiology of alcohol
addiction: Recent advances and challenges. J. Neurosci. 22, 3332–3337.

Wenzel, R. G., Schwarz, K., and Padiyara, R. S. (2006). Topiramate for migraine
prevention. Pharmacotherapy 26, 375–387. doi:10.1592/phco.26.3.375

White, H. S., Brown, S. D., Woodhead, J. H., Skeen, G. A., andWolf, H. H. (2000).
Topiramate modulates GABA-evoked currents in murine cortical neurons by a
nonbenzodiazepine mechanism. Epilepsia 41 (Suppl. 1), S17–S20. doi:10.1111/j.
1528-1157.2000.tb02165.x

Wignall, N. D., and Brown, E. S. (2014). Citicoline in addictive disorders: A review
of the literature. Am. J. Drug Alcohol Abuse 40, 262–268. doi:10.3109/00952990.
2014.925467

Witkiewitz, K., Wilson, A. D., Roos, C. R., Swan, J. E., Votaw, V. R., Stein, E.
R., et al. (2021). Can individuals with alcohol use disorder sustain non-
abstinent recovery? Non-abstinent outcomes 10 Years after alcohol use
disorder treatment. J. Addict. Med. 15, 303–310. doi:10.1097/ADM.
0000000000000760

Wong, C. J., Witcher, J., Mallinckrodt, C., Dean, R. A., Anton, R. F., Chen, Y., et al.
(2014). A phase 2, placebo-controlled study of the opioid receptor antagonist
LY2196044 for the treatment of alcohol dependence. Alcohol. Clin. Exp. Res. 38,
511–520. doi:10.1111/acer.12257

World Health Organization (2012a). Expert committee on drug dependence
35th meeting, hammamet, tunesia. 4 - 8 june 2012. Available at: https://www.
who.int/medicines/areas/quality_safety/4.1GHBcritical_review.pdf (Accessed
September 18, 2019). Gamma-hydroxybutyric acid (GHB). Critical review
report.

World Health Organization (2012b). WHO expert committee on drug
dependence. World Health Organ. Tech. Rep. Ser., 1–34.

Xierali, I. M., Day, P. G., Kleinschmidt, K. C., Strenth, C., Schneider, F. D., Kale,
N. J., et al. (2021). Emergency department presentation of opioid use disorder and
alcohol use disorder. J. Subst. Abuse Treat. 127, 108343. doi:10.1016/j.jsat.2021.
108343

Yuanyuan, J., Junyan, Z., Cuola, D., Jingjing, C., Yuhui, S., Dan, X., et al. (2018).
Memantine attenuated alcohol withdrawal-induced anxiety-like behaviors through
down-regulating NR1-CaMKII-ERK signaling pathway. Neurosci. Lett. 686,
133–139. doi:10.1016/j.neulet.2018.09.006

Zallar, L. J., Farokhnia, M., Tunstall, B. J., Vendruscolo, L. F., and Leggio, L.
(2017). The role of the ghrelin system in drug addiction. Int. Rev. Neurobiol. 136,
89–119. doi:10.1016/bs.irn.2017.08.002

Zhou, Y., Colombo, G., Carai, M. A. M., Ho, A., Gessa, G. L., Kreek, M. J., et al.
(2011). Involvement of arginine vasopressin and V1b receptor in alcohol drinking
in Sardinian alcohol-preferring rats. Alcohol. Clin. Exp. Res. 35, 1876–1883. doi:10.
1111/j.1530-0277.2011.01532.x

Zhou, Y., Rubinstein, M., Low, M. J., and Kreek, M. J. (2018). V1b receptor
antagonist SSR149415 and naltrexone synergistically decrease excessive alcohol
drinking in male and female mice. Alcohol. Clin. Exp. Res. 42, 195–205. doi:10.1111/
acer.13544

Zorrilla, E. P., Heilig, M., de Wit, H., and Shaham, Y. (2013). Behavioral,
biological, and chemical perspectives on targeting CRF(1) receptor antagonists
to treat alcoholism. Drug Alcohol Depend. 128, 175–186. doi:10.1016/j.drugalcdep.
2012.12.017

Zorrilla, E. P., Logrip, M. L., and Koob, G. F. (2014). Corticotropin releasing
factor: A key role in the neurobiology of addiction. Front. Neuroendocrinol. 35,
234–244. doi:10.1016/j.yfrne.2014.01.001

Frontiers in Pharmacology frontiersin.org33

Fischler et al. 10.3389/fphar.2022.927703

https://doi.org/10.1111/adb.12645
https://doi.org/10.1021/jm400268b
https://doi.org/10.1523/JNEUROSCI.0069-12.2012
https://doi.org/10.1523/JNEUROSCI.0069-12.2012
https://doi.org/10.1172/JCI79828
https://doi.org/10.1016/j.neuropharm.2005.01.002
https://doi.org/10.1016/j.neuropharm.2005.01.002
https://doi.org/10.1111/jnc.13350
https://doi.org/10.1080/08897070309511541
https://doi.org/10.1111/j.1530-0277.2008.00783.x
https://doi.org/10.1111/j.1530-0277.2008.00783.x
https://doi.org/10.1016/j.drugalcdep.2021.108964
https://doi.org/10.1016/j.drugalcdep.2021.108964
https://doi.org/10.1016/S0028-3908(97)00118-4
https://doi.org/10.1016/S0028-3908(97)00118-4
https://doi.org/10.1592/phco.26.3.375
https://doi.org/10.1111/j.1528-1157.2000.tb02165.x
https://doi.org/10.1111/j.1528-1157.2000.tb02165.x
https://doi.org/10.3109/00952990.2014.925467
https://doi.org/10.3109/00952990.2014.925467
https://doi.org/10.1097/ADM.0000000000000760
https://doi.org/10.1097/ADM.0000000000000760
https://doi.org/10.1111/acer.12257
https://www.who.int/medicines/areas/quality_safety/4.1GHBcritical_review.pdf
https://www.who.int/medicines/areas/quality_safety/4.1GHBcritical_review.pdf
https://doi.org/10.1016/j.jsat.2021.108343
https://doi.org/10.1016/j.jsat.2021.108343
https://doi.org/10.1016/j.neulet.2018.09.006
https://doi.org/10.1016/bs.irn.2017.08.002
https://doi.org/10.1111/j.1530-0277.2011.01532.x
https://doi.org/10.1111/j.1530-0277.2011.01532.x
https://doi.org/10.1111/acer.13544
https://doi.org/10.1111/acer.13544
https://doi.org/10.1016/j.drugalcdep.2012.12.017
https://doi.org/10.1016/j.drugalcdep.2012.12.017
https://doi.org/10.1016/j.yfrne.2014.01.001
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.927703

	Off-label and investigational drugs in the treatment of alcohol use disorder: A critical review
	1 Introduction
	1.1 Current pharmacological treatment of alcohol use disorder
	1.2 The search for additional anti-craving drugs

	2 Methods of literature research
	3 Off-label medication for relapse prophylaxis
	3.1 Baclofen
	3.2 Anticonvulsants
	3.2.1 Gabapentin
	3.2.2 Topiramate

	3.3 Ondansetron
	3.4 Varenicline
	3.5 Antipsychotics
	3.5.1 Aripiprazole
	3.5.2 Quetiapine
	3.5.3 Clozapine
	3.5.4 Other antipsychotic drugs

	3.6 Antidepressants
	3.7 Lithium
	3.8 Neuropeptides
	3.8.1 Neuropeptide Y
	3.8.2 Neuropeptide S
	3.8.3 Corticotropin-releasing factor–antagonists
	3.8.4 Oxytocin

	3.9 PF-05190457: Ghrelin receptor inverse agonist
	3.10 NMDA receptor modulators
	3.10.1 Memantine
	3.10.2 Ifenprodil
	3.10.3 Other NMDA receptor modulators

	3.11 Opioid system modulators
	3.11.1 Samidorphan
	3.11.2 Ondelopran

	3.12 Vasopressin receptor antagonists
	3.12.1 ABT-436
	3.12.2 SSR149415

	3.13 Mifepristone
	3.14 Ibudilast
	3.15 Citicoline
	3.16 Endocannabinoid system modulators
	3.16.1 Rimonabant
	3.16.2 Surinabant
	3.16.3 AM4113
	3.16.4 Other endocannabinoid system modulators

	3.17 Gamma-hydroxybutyrate (GHB)

	4 Summary, interpretation and outlook
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


