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Abstract: Objective. This study provides a comprehensive analysis of the characteristics of clinical
trials related to alcohol dependence that are registered on ClinicalTrials.gov. Methods. All ClinicalTri-
als.gov trials registered up to 1 January 2023 were examined, focusing on trials that involved alcohol
dependence. All 1295 trials were summarized by presenting their characteristics and results and
reviewed most intervention drugs used in the treatment of alcohol dependence. Results. The study
analysis identified a total of 1295 clinical trials registered on ClinicalTrials.gov that were focused on
alcohol dependence. Of these, 766 trials had been completed, representing 59.15% of the total, while
230 trials were currently recruiting participants, accounting for 17.76% of the total. None of the trials
had yet been approved for marketing. The majority of the studies included in this analysis were
interventional studies (1145 trials, or 88.41%), which accounted for most of the patients enrolled in the
trials. In contrast, observational studies represented only a small portion of the trials (150 studies, or
11.58%) and involved a smaller number of patients. In terms of geographic distribution, the majority
of registered studies were located in North America (876 studies, or 67.64%), while only a small
number of studies were registered in South America (7 studies, or 0.54%). Conclusions. The purpose
of this review is to provide a basis for the treatment of alcohol dependence and prevention of its
onset through an overview of clinical trials registered at ClinicalTrials.gov. It also offers essential
information for future research to guide future studies.
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1. Introduction

The global consumption of alcohol has a major effect on public health [1]. Alcohol
is a depressant that affects the central nervous system and can impair cognitive function,
memory, and judgment [2]. Therefore, alcohol consumption can increase accidents and
injuries, including falls, motor vehicle accidents, and domestic violence [3]. The prolonged
alcohol abuse can lead to a range of chronic diseases, including liver disease, cardiovascular
disease, cancer, and neurological disorders [4]. Alcohol abuse is a leading cause of liver
disease, including alcoholic hepatitis, cirrhosis, and liver cancer [5]. Alcohol abuse can
also have serious implications for mental health [6]. Studies have linked excessive alcohol
consumption to depression and anxiety, and in some cases, alcohol abuse can lead to
addiction and substance abuse disorders [7,8].

There is no doubt that alcohol has profound implications for populations and public
health [1]. It is widely believed to be the only psychoactive substance with an addictive
potential that cannot be controlled internationally by legally binding regulatory frame-
works, despite its significant impact on public health [8]. In recent years, there has been a
significant increase in the number of studies conducted on the adverse effects of alcohol
on health [9–11]. Several studies indicate that even moderate alcohol consumption can
contribute to various acute and chronic health problems [4,12]. Alcohol consumption has
been linked to more than 200 diseases, according to several studies, and chronic illnesses
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are affected by their pathogenicity and lethality, depending on their amount, quality, and
consumption pattern [13].

In most treatment programs for alcoholism, patients are required to attend regular
anonymous meetings of Alcoholics Anonymous groups. These meetings provide a support-
ive and non-judgmental environment where patients can share their experiences, receive
guidance, and build relationships with others who are also struggling with addiction [14].
Relapse-prevention techniques are also used in many treatment programs to enable patients
to learn how to prevent relapse once they have achieved abstinence [15]. Psychologists
have developed therapeutic methods based on behavioral psychology, which have proven
to be effective in the treatment of alcoholism [16]. One of the most popular forms of
behavioral therapy is cognitive-behavioral therapy (CBT). CBT assumes that behavior is
primarily learned, and that learning can provide solutions to behavioral problems. CBT can
help patients develop coping skills, identify and challenge negative thoughts and beliefs
that contribute to drinking, and learn new ways to manage stress and other triggers for
alcohol use.

Pharmacological agents have also been used in the treatment of alcoholism. The medi-
cation disulfiram, which has been in use since the late 1940s, works by causing unpleasant
side effects such as nausea and vomiting when alcohol is consumed [17]. This can help
patients develop an aversion to alcohol and discourage them from drinking. Naltrexone is
another medication that has been approved by the FDA for the treatment of alcoholism,
based on randomized clinical trials that showed its effectiveness in reducing alcohol crav-
ings and the likelihood of relapse [18]. Despite the positive results of pharmacotherapy
for improving treatment outcomes, naltrexone has not been widely used, and there is
still a need for further research into the effectiveness of pharmacological treatments for
alcoholism [19].

The purpose of this article is to provide a comprehensive overview of the current state
of pharmacological treatment research for alcohol dependence, including recent clinical
trials and key characteristics of this research field. Based on a thorough analysis of 1295
clinical trials related to alcohol dependence, focusing specifically on the most extensively
studied drugs that completed phase 4 interventional studies, this study provides valuable
insights into the effectiveness of drugs for treating alcohol dependence. The goal is to
contribute to the ongoing efforts to develop more effective pharmacological treatments for
alcohol dependence, which remains a significant public health concern globally.

2. Methods
2.1. Data Sources and Search

The ClinicalTrials.gov database, which serves as a comprehensive registry of clinical
trials worldwide, was carefully examined to identify all clinical trials that pertain to alcohol
dependence, and this search was conducted up until 1 January 2023. Following this
extensive search, a detailed summary of the retrieved information was compiled, which is
presented in Table 1. This summary outlines the key characteristics of each clinical trial,
such as the study type, the region where the study was conducted, the number of patients
enrolled, the study status, and the phase of the study. Our objective was to provide a
comprehensive overview of the clinical trials that have been conducted for the treatment of
alcohol dependence, in order to facilitate future research in this area and to help guide the
development of more effective treatments. The study design followed the 2020 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The full
search strategy and inclusion/exclusion criteria are available upon request.
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Table 1. Summary of the search.

Terms Search Results Entire Database

Synonyms

Alcohol Dependence 1293 studies 1293 studies

Alcoholism 1276 studies 1276 studies

Alcohol addiction 27 studies 27 studies

Alcohol dependency 11 studies 11 studies

Alcohol problem drinking 2 studies 2 studies

Chronic alcohol abuse 1 study 1 study

Dependence 488 studies 2286 studies

Dependency 12 studies 125 studies

Alcohol 1295 studies 2609 studies

Absolute ethanol -- 1 study

Ethanol measurement -- 1 study

2.2. Data Extraction, Collection, and Analysis

The information for this study was obtained from ClinicalTrials.gov and organized into
a table (Table 2). The following categories were used to classify each study: study status,
number of participants, study type, region, and study phase. Clinical trials for alcohol
dependence were conducted on various continents, including Africa, East Asia, Europe,
North America, Asia, Pacifica, South America, and other regions that were unidentified.
Only studies with reported locations were included in the counts for each region. The
status of each study was classified into different categories such as recruiting, completed,
terminated, and more. The number of participants was categorized into three groups:
less than 1000, 1000 to 5000, and above 5000. The study types included in this study
were categorized into two main groups: interventional and observational. Interventional
studies involve administering a treatment or medication to participants, while observational
studies involve observing and collecting data from participants without administering
any new treatment. In addition, the study phase of each trial was also categorized and
analyzed. The phases ranged from early phase 1 trials, which involve testing a new
medication or treatment in a small group of healthy individuals, to phase 4 trials, which
are conducted after a medication has been approved for use and are focused on monitoring
the long-term effects of the medication in a larger population. To identify the medications
examined in this study, completed phase 4 interventional studies with reported results were
analyzed and selected, as illustrated in Figure 1. These medications were then evaluated
based on their efficacy and safety in treating alcohol dependence. Statistical analysis was
conducted using Excel, and the data were expressed as absolute numbers and percentages
for categorical variables.

Table 2. Clinical trials characteristics.

Status Number Percentage

Recruiting 230 17.76%

Not yet recruiting 62 4.78%

Enrolling by invitation 12 0.92%

Completed 766 59.15%

Terminated 55 4.24%
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Table 2. Cont.

Status Number Percentage

Withdrawn 38 2.93%

Active, not recruiting 39 3.01%

Approved for market 0 0%

Suspended 5 0.38%

Unknown 93 7.18%

Number of patients Enrolled Number Percentage

<1000 1224 94.51%

1000–5000 57 4.40%

>5000 14 1.08%

Study type Number Percentage

Interventional (Clinical Trial) 1145 88.41%

Observational 150 11.58%

Region Number Percentage

World 1295 100%

Africa 16 1.23%

East Asia 18 1.38%

Europe 252 19.45%

North America 876 67.64%

Asia 37 2.85%

Pacifica 14 1.08%

South America 7 0.54%

Others 75 5.79%

Study Phase Number Percentage

Early Phase 1 24 1.85%

Phase 1 109 8.41%

Phase 2 317 24.47%

Phase 3 114 8.80%

Phase 4 122 9.42%

Not applicable (Describes trials without
FDA-defined phases, including trials of devices
or behavioral interventions).

531 41%

The inclusion criteria for the study involved selecting clinical trials related to alcohol
dependence, specifically focusing on drugs that had completed phase 4 studies and were of
the interventional type. The aim was to identify drugs that have been extensively studied
in the context of alcohol dependence treatment. The screening process aimed to filter out
trials that did not meet these criteria, ultimately identifying a subset of drugs that were
studied more frequently than others. This subset provided valuable insights into which
drugs have been the most effective in treating alcohol dependence. The exclusion criteria
involved excluding clinical trials not related to alcohol dependence, drugs that had not
completed phase 4 studies, and non-interventional studies that did not provide data on
the effectiveness of drugs in treating alcohol dependence. By applying these criteria, the
study aimed to focus on the most relevant and informative data from the available pool
of clinical trials. This allowed for a clear and concise presentation of the findings and
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helped to identify any trends or patterns in the data. By analyzing the characteristics of
clinical trials and medications for alcohol dependence, this study aims to contribute to the
development of more effective treatments and interventions for individuals struggling with
alcohol use disorders.
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Figure 1. Methods used to identify most studied drugs in the treatment of alcohol dependence.

3. Results
3.1. Clinical Trials Characteristics

This study aimed to investigate the characteristics of clinical trials registered on alcohol
dependence in the ClinicalTrials.gov database. The search yielded a total of 1295 registered
clinical trials on alcohol dependence as of 1 January 2023. Table 2 provides an overview
of the trial characteristics, including status and the number of patients enrolled, as well
as the clinical trial study types. Of the these studies registered clinical trials, 766 (59.15%)
were completed, 230 (17.76%) were in the process of recruiting, and none of these clinical
trials had been approved for the market. The majority of the clinical trials (88.41%) were of
the interventional study type (n = 1145), while only 150 (11.58%) were of the observational
study type. The number of enrolled patients was classified into three categories: less than
1000 (n = 1224, 94.51%), 1000–5000 (n = 57, 4.40%), and more than 5000 (n = 14, 1.08%).
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The distribution of registered studies was worldwide, with the highest number of trials
registered in North America (n = 876, 67.64%) and the lowest in South America (n = 7,
0.54%).

3.2. Most Studied Drugs in the Treatment of Alcohol Dependence

These findings provide insight into the current landscape of clinical trials registered
on alcohol dependence and highlight the need for increased attention and resources to
address this global health issue. There have been numerous drugs studied for the treatment
of alcohol dependence, but some have been studied more extensively than others. After
conducting a thorough analysis of the data collected from ClinicalTrials.gov, the study
identified a significant number of clinical trials related to alcohol dependence, totaling
1295 studies. Given the large number of studies available, the results were then filtered to
focus on the most studied drugs for this condition. Thus, the study focused specifically
on drugs that had completed phase 4 studies and were of the interventional type (Table 3).
The screening process allowed us to identify a subset of drugs that were studied more
frequently than others, providing us with valuable insights into which drugs have been the
most effective in treating alcohol dependence. Figure 1 helps illustrate the findings in a
clear and concise manner.

Table 3. Most studied drugs in the treatment of alcohol dependence in the clinical trials.

Drug Intervention Class Name of Drugs
Number of Studies
on Alcohol
Dependence

Number of All
Studies on Alcohol
Related Conditions *

Analgesics Naltrexone 101 115

Anticonvulsant Topiramate 15 29

Alcohol Deterrents Acamprosate 12 26

Muscle relaxant Baclofen 9 21

Antiemetic Ondansetron 4 15

Channel blocker Zonisamide 4 11

Central nervous system
depressant

Quetiapine
Fumarate 3 12

5-alpha reductase
inhibitors Dutasteride 2 5

Amino acid N-acetylcysteine 1 4
* Alcoholism, alcohol abuse, alcohol withdrawal, and alcohol use disorder.

3.3. Naltrexone

According to ClinicalTrials.gov, naltrexone has been studied in 101 studies on alcohol
dependance and 115 studies on alcohol-related conditions. Naltrexone is a long-acting
opioid receptor antagonist approved by the Food and Drug Administration for treating
opioid dependence and alcohol dependence [20]. It has been demonstrated that naltrexone
and its active metabolite have reversible competitive antagonist activities at µ-opioid and
κ-opioid receptors [21], with the lowest affinity for κ-opioid receptors and the highest
affinity for µ-opioid receptors [22]. These mechanisms are consistent with naltrexone’s
neuropharmacological profile as a competitive antagonist of the µ-opioid receptor [23]. The
activation of the ventral tegmental area may indirectly facilitate the release of dopamine in
the nucleus accumbens through GABAergic and dopaminergic receptors pathway [24,25].
Thus, upon consumption of alcohol, endogenous opioids are released, which activates the
opioid receptor, contributing to the hedonic effects of alcohol [26,27]. Conversely, naltrex-
one blocking µ-opioid receptor delays alcohol-related dopamine release in the nucleus
accumbens, thus reducing alcohol reward and self-administration [28]. Preclinical studies
have shown that naltrexone reduces alcohol consumption and seeking behavior in rodents
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and primates. Animal research studies have initially suggested that naltrexone blocks
ethanol’s positive reinforcing effects when used to treat alcohol use disorders [29–31]. It
has been reported that naltrexone reduced the amount of ethanol administration in rats,
as well as the duration of time spent in a state of ethanol intoxication [32]. Additionally,
Naltrexone has been shown to reduce alcohol consumption in non-human primates, with
a study on rhesus macaques demonstrating a reduction in alcohol intake following ad-
ministration of the drug [33]. The blockade of opioid receptors was reported to reduce
ethanol consumption behaviors in various species and reduce human self-administered
ethanol consumption [34]. The results of these studies led to the development of clinical
trials involving naltrexone for the treatment of alcohol dependence in humans [35–37].

3.4. Topiramate

According to ClinicalTrials.gov, topiramate has been studied in 15 studies on alco-
hol dependance and 29 studies on alcohol-related conditions. The topiramate structure
contains a monosaccharide chemical structure containing sulfamate [38]. Despite its struc-
tural differences from other antiepileptic drugs, topiramate has different pharmacological
properties that contribute to its anticonvulsant properties and its therapeutic effects on
other neuropsychiatric disorders [39]. By blocking state-dependent sodium channels, it
inhibits actions associated with high and repetitive cellular discharges [40]. Topiramate
potentiates GABA activity by inducing a chloride ion flux in the neurons [41]. It is likely
that topiramate binds to a non-benzodiazepine receptor site on GABA-A receptors since
the benzodiazepine antagonist flumazenil does not inhibit this action [42]. Furthermore,
topiramate antagonizes the AMPA/kainate glutamate receptors, reducing neuronal ex-
citability [43]. Topiramate has been shown to be effective in treating alcohol dependence
in clinical practice [44]. Additionally, topiramate has been shown to reduce symptoms
of anxiety and depression, which are common co-occurring conditions in people with
alcohol use disorder [45]. Studies have compared the efficacy of topiramate with two
drugs used for alcohol dependance, disulfiram and naltrexone. According to these studies,
topiramate may be more effective than standard doses of oral naltrexone. One 12-week
randomized, double-blind, placebo-controlled trial found that topiramate showed superior
outcome compared to naltrexone, although the study was underpowered [46]. In addi-
tion, two 6-month randomized, open-label trials found that topiramate at a mean dose of
200 mg/day was better than naltrexone at reducing alcohol intake and craving [47]. In
addition to improving craving-priming and dependence intensity scales, topiramate led to
a significant decrease in transaminase levels and the number of drinking days per month
reported [48]. Based on recent reports, its use appears to be safe and well tolerated and can
be considered as a potential medication for alcohol dependence to reduce the reinforcement
effects associated with alcohol consumption treatment.

3.5. Acamprosate

According to ClinicalTrials.gov, acamprosate has been studied in 12 studies on alcohol
dependance and 26 studies on alcohol-related conditions. Acamprosate is an N-acetylated
calcium salt containing sulfur amino acid that resembles both GABA and glutamate in
structure [49]. Studies have reported that acamprosate can decrease ethanol consumption
in rodents that have been exposed to ethanol for a prolonged period and developed ethanol
dependence [50,51]. Research on rats suggested that it reduced the increased ethanol
consumption associated with abstinence from ethanol [52]. Acamprosate has been shown
to attenuate alcohol withdrawal behavioral associated with neurochemical symptoms [53].
For instance, acamprosate administration was found to reduce hyperactivity and glutamate
levels during withdrawal from ethanol; this effect can observe if acamprosate was given
in the initial stage of withdrawal [54]. From the results of these studies, it is evident that
acamprosate can modify the consumption of ethanol. Few studies have revealed that
acamprosate affects the transmission of NMDA receptors and GABA A receptors. Thus,
acamprosate can decrease glutamate levels during alcohol withdrawal, increase endorphin
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levels in individuals with high alcohol intakes, and influence the hypothalamic-pituitary-
adrenal axis. Pharmacologically, acamprosate targets subclinical withdrawal symptoms
and even provides neuroprotection [55]. Acamprosate may treat alcohol dependence since
it affects glutamate, NMDA, and GABAA transmission. It has been reported that acam-
prosate compensates for neurobiological derangements induced by alcohol withdrawal
and potentiates GABA’s effects on GABAA receptors while decreasing NMDA, AMPA, and
kainate receptor function [56].

3.6. Baclofen

According to ClinicalTrials.gov, baclofen has been studied in 9 studies on alcohol
dependance and 21 studies on alcohol-related conditions. Baclofen, a gamma-aminobutyric
acid (GABA)-B receptors agonist, relieves the spasticity of muscles by inhibiting the trans-
mission of monosynaptic and polysynaptic reflexes in the spinal cord [57]. In preclinical
studies, GABA-B receptors are implicated in memory storage [58], reward [59], motiva-
tion [60], and anxiety [61]. It has been shown that activation of GABA-B receptors by
baclofen may produce neuroprotective anti-inflammatory effects that may be relevant to
treating alcohol dependence [62–64]. Several preclinical studies have shown that baclofen
inhibits alcohol consumption in rats [32,65,66]. It is important to note that alcohol and ba-
clofen do not activate the same receptors. The effects of baclofen on GABA-B receptors are
selective [67], and alcohol does not directly affect these receptors [68]. Both substances may,
however, indirectly act on the same systems, particularly the glutamatergic and GABAer-
gic systems [32]. Baclofen partially reverses the effects of alcohol on GABA-B, although
alcohol does not directly affect GABA-B [69]. A number of studies have been conducted
on the effects of baclofen on animal models for alcoholism [70,71]. It has been reported
that baclofen administered systemically can decrease alcohol consumption acquisition and
maintenance, motivation to drink, relapse-like drinking, alcohol withdrawal symptoms,
and cue-induced reinstatement [65,72–74]. Furthermore, research has demonstrated that
baclofen enantiomer (R) reduces alcohol self-administration in rats, thus supporting the
claim that baclofen reduces alcohol consumption [75]. Moreover, baclofen has been shown
to have a positive effect on alcohol-related behaviors such as preference and consumption,
further confirming its potential as a treatment for alcohol use disorder. Therefore, baclofen
appears to have the potential to reduce alcohol consumption in humans by influencing the
underlying biological systems.

3.7. Ondansetron

According to ClinicalTrials.gov, ondansetron has been studied in four studies on
alcohol dependance and fifteen studies on alcohol-related conditions. Ondansetron func-
tions as a 5-HT3 receptor antagonist that is important in regulating the severity of alcohol
consumption [76,77]. Ondansetron has the potential to treat alcohol dependence, but its
effectiveness appears to be confined to alcoholics with a genetic inclination towards ex-
cessive drinking [78,79]. It is believed that ondansetron produces an overall suppression
of dopamine signaling in mesolimbic brain regions by antagonizing 5-HT3 receptors in
cortico-mesolimbic [80]. Thus, the serotonin receptors regulated dopamine outflow in the
rat nucleus accumbens [81]. By inhibiting the serotonin transporter (5-HT), ondansetron is
believed to decrease the alcohol reward by modulation of the cortico-mesolimbic dopamine
system [82]. Several studies have shown that ondansetron may help treat alcohol depen-
dence [83–85]. Several studies have demonstrated that ondansetron reduces drinking in
both humans and animals [85–87]. Compared with individuals with late-onset alcoholism,
ondansetron can reduce drinks per drinking day and increase abstinence days in people
with early-onset alcoholism [86]. In humans, it has been shown that pretreatment with
ondansetron, a selective 5-HT3 receptor antagonist, attenuates low-dose alcohol-induced
subjective effects and the desire to drink [88]. Nevertheless, ondansetron and alcohol can
also have both stimulant and sedative effects, which may reduce their functionality in
alcohol dependence [89,90]. The use of ondansetron outside of research settings is not



Medicina 2023, 59, 1101 9 of 16

currently feasible due to the fact that it is not yet available on a commercial basis at the
therapeutic dose necessary for alcohol dependence treatment.

3.8. Zonisamide

According to ClinicalTrials.gov, zonisamide has been studied in four studies on al-
cohol dependance and eleven studies on alcohol-related conditions. Zonisamide is an
anticonvulsant drug belonging to the methanesulfonamide group, which shares a sul-
famoyl group with acetazolamide, an analog of an aryl sulfonamide [91]. There is still
a great deal to be learned about the neuronal mechanisms through which zonisamide
reduces alcohol consumption [92,93]. One possible mechanism is that zonisamide may
modulate alcohol-drinking behavior by inhibiting the excitability of AMPA, N-methyl-d-
aspartate, and/or kainate receptors in the hippocampus and frontal and anterior cingulate
cortex [94,95]. It has been suggested that zonisamide may suppress alcohol-induced brain
excitability through its positive modulatory interaction with GABA A receptors [96] and its
antagonism of kainate receptors containing the GluK1 subunit [97]. According to recent
studies, sensitivity to zonisamide-induced reductions in heavy drinking is associated with
a specific polymorphism in the kainate receptor GluK1 subunit gene [85,98]. Therefore,
zonisamide inhibits glutamate’s release and decreases glutamate’s excitatory postsynap-
tic release through postsynaptic mechanisms. In addition to enhancing the activity of
GABA receptor systems, zonisamide may also reduce brain excitability by down-regulating
GABA transporter proteins in the brain. A study conducted on rats found that treatment
with zonisamide resulted in a significant reduction in ethanol consumption, as well as
a differential influence on memory [99]. Additionally, another study conducted on mice
found that zonisamide treatment led to a decrease in ethanol-induced conditioned place
preference, suggesting a potential for the medication to reduce the rewarding effects of
ethanol [92]. These preclinical findings suggest that zonisamide may be a promising candi-
date for the treatment of ethanol dependence in humans and warrant further investigation
in clinical trials.

3.9. Quetiapine

According to ClinicalTrials.gov, quetiapine has been studied in three studies on alcohol
dependance and twelve studies on alcohol-related conditions. It has been reported that
chronic administration of quetiapine reduced ethanol consumption in rats, indicating a
potential role in the treatment of alcohol use disorders [100]. Quetiapine binds to mul-
tiple receptors, including K 1/2 and K 1/2, dopamine D1 and D2, histamine H1, and
adrenergic receptors a1 and a2 [101]. Understanding quetiapine’s neurobiological effects
and targets is essential to understanding its clinical effects on alcoholism [102]. To under-
stand quetiapine’s effects on alcoholism, understanding its impact on serotonergic and
dopaminergic activity may be particularly relevant. Thus, it is believed that quetiapine
works as 5-HT2A antagonist receptors on the dopaminergic neurons in the mesolimbic and
mesocortical areas of the brain [103]. Besides blocking 5-HT2A receptors, quetiapine may
also antagonize D2 receptors [104]. Compared to other antipsychotics, quetiapine is less
likely to induce addiction or dependence, unlike other dopamine antagonists [105], due
to its lower dopamine blockade potency [106]. This may also explain quetiapine’s better
tolerability profile since 5-HT2A receptor affinities are higher than D2 receptors in atypical
antipsychotic medications [107]. Specifically, 5-HT2A and D2 antagonists on mesolimbic
dopaminergic pathways into the nucleus accumbens cause a reduction in dopaminergic
neurotransmission into those regions and modulate dopaminergic neurons’ activity [100].
Despite the antagonistic effects of D2 receptors, it remains unclear which neurobiological
mechanism atypical antipsychotics target to relieve psychotic symptoms. It is possible to
understand quetiapine’s clinical effects in the treatment of alcoholism through its antago-
nistic effects on 5-HT2A and D2, which decrease dopaminergic activity in the mesolimbic
pathway. Several preclinical studies have explored the potential effects of quetiapine in
ethanol dependence in animals [108,109]. Additionally, quetiapine treatment decreased
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anxiety-like behavior and increased social interaction in ethanol-dependent rats, which
are commonly observed symptoms in alcohol dependence [110]. Furthermore, quetiapine
has also been shown to modulate dopamine and glutamate neurotransmission, which are
implicated in the neurobiology of addiction [111,112]. Overall, these preclinical findings
suggest that quetiapine may have potential therapeutic effects in ethanol dependence,
although further research is needed to determine its clinical efficacy and safety in humans.

3.10. Dutasteride

According to ClinicalTrials.gov, dutasteride has been studied in two studies on alcohol
dependance and five studies on alcohol-related conditions. Dutasteride is a second 5-
alpha reductase enzyme inhibitor approved by the FDA for treating benign prostatic
hyperplasia [113]. It is believed that dutasteride is an effective treatment option for patients
with mild to severe symptomatic benign prostatic hyperplasia [114,115] and may be able
to reduce the chance of developing prostate cancer [116]. In addition, there has been
substantial evidence that dutasteride effectively reduces the risk of prostate cancer and
delays the progression of the disease in men [117–119]. On the other hand, dutasteride has
been reported to reduce alcohol consumption during the first two weeks after taking the
drug by inhibiting the 5-alpha reductase enzyme, which reduces the reinforcing effects
of alcohol [120]. Despite this, it has been suggested that reducing alcohol use caused by
dutasteride in alcohol-treated subjects may increase alcohol drinking in other ways that
were not investigated by the study [121]. Unfortunately, little is known about dutasteride
in alcohol treatment since it has not been studied extensively yet. Future studies are still
warranted to investigate its role in alcohol drinking and alcohol dependency.

3.11. N-Acetylcysteine

According to ClinicalTrials.gov, N-acetylcysteine (NAC) has been studied in one study
on alcohol dependance and four studies on alcohol-related conditions. NAC is a sulfur-
containing compound derivative of the amino acid L-cysteine, a precursor for glutathione
synthesis that increases intracellular glutathione levels at the cellular level and stimulates
cytosolic enzymes responsible for glutathione regeneration [122]. It is used therapeutically
as a mucolytic agent and has shown promise in treating several psychiatric disorders,
including addiction [123,124]. It is believed that NAC is involved in the modulation of
cysteine/glutamate antiporters in astrocytes and the reset of glutamatergic neurotransmis-
sion through the tonic activation of extrasynaptic mGluR2/3 receptors [125]. It has been
reported that NAC can attenuate the reinforcing effects of several addictive drugs [126].
For example, it has been reported NAC treatment prevents behavioral sensitizations as-
sociated with cocaine and ethanol administration, which is particularly noteworthy since
behavioral sensitization serves as a paradigm for studying the changes in plasticity fol-
lowing repeated exposure to drugs [127,128]. Furthermore, it has been demonstrated
that chronic alcohol consumption results in neuroinflammation and oxidative stress in
the brain, which are highly interconnected proinflammatory and inflammatory cytokines
processes [129–131]. NAC exerts neuroprotective effects by limiting glutamatergic activ-
ity, decreasing pro-inflammatory cytokines, and exerting antioxidant properties against
alcohol or alcohol cessation-induced injuries [132]. Therefore, NAC has been reported to
inhibit ethanol consumption and reduce the reward pathways associated with alcohol con-
sumption motivation, craving, and relapse after abstinence [132–134]. Finally, as a natural
anti-inflammatory and antioxidant, n-acetylcysteine can help reduce alcohol consumption
to reduce oxidative stress caused by alcohol consumption and reduce the risk of developing
alcohol dependence.

4. Limitations

ClinicalTrials.gov does not include all alcohol dependence trials performed worldwide.
The study focused on ClinicalTrials.gov because of the tools available for its characterization.
ClinicalTrials.gov is a comprehensive database of clinical trials and is the largest publicly
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available source of information on clinical trials. However, due to its focus on US-based
trials, it does not include all trials that are being conducted worldwide. As such, it may
not be comprehensive enough to capture all the trials related to alcohol dependence. In
addition, as a result of the methodology of this study, it was not possible to include other
drugs used to treat alcohol dependence.

5. Conclusions

The current study provides valuable insights into the landscape of clinical trials
registered on alcohol dependence in the ClinicalTrials.gov database. The findings highlight
a significant number of ongoing and completed clinical trials on this global health issue.
The majority are interventional studies. Naltrexone, topiramate, and acamprosate were
identified as the most studied drugs for alcohol dependence. The neuropharmacological
mechanisms underlying their therapeutic effects were discussed. The results of this study
emphasize the need for increased attention and resources toward developing effective
treatments for alcohol dependence, given its significant global burden. These findings
could aid researchers and clinicians in making informed decisions about selecting treatment
options and improving outcomes for individuals affected by alcohol dependence.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval is not applicable for this study.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Global Status Report on Alcohol and Health 2018; World Health Organization: Geneva, Switzerland, 2019.
2. Room, R.; Babor, T.; Rehm, J. Alcohol and public health. Lancet 2005, 365, 519–530. [CrossRef]
3. Rehm, J.; Mathers, C.; Popova, S.; Thavorncharoensap, M.; Teerawattananon, Y.; Patra, J. Global burden of disease and injury and

economic cost attributable to alcohol use and alcohol-use disorders. Lancet 2009, 373, 2223–2233. [CrossRef]
4. Shield, K.D.; Parry, C.; Rehm, J. Chronic diseases and conditions related to alcohol use. Alcohol Res. Curr. Rev. 2014, 35, 155.
5. Van Wilder, L.; Rammant, E.; Clays, E.; Devleesschauwer, B.; Pauwels, N.; De Smedt, D. A comprehensive catalogue of EQ-5D

scores in chronic disease: Results of a systematic review. Qual. Life Res. 2019, 28, 3153–3161. [CrossRef]
6. Subramaniam, M.; Abdin, E.; Vaingankar, J.A.; Shafie, S.; Chua, B.Y.; Sambasivam, R.; Zhang, Y.J.; Shahwan, S.; Chang, S.; Chua,

H.C. Tracking the mental health of a nation: Prevalence and correlates of mental disorders in the second Singapore mental health
study. Epidemiol. Psychiatr. Sci. 2020, 29, e29. [CrossRef]

7. Rehan, W.; Antfolk, J.; Johansson, A.; Jern, P.; Santtila, P. Experiences of severe childhood maltreatment, depression, anxiety and
alcohol abuse among adults in Finland. PLoS ONE 2017, 12, e0177252. [CrossRef]

8. Hasselgard-Rowe, J.; Burke-Shyne, N.; Fordham, A. Public health and international drug control: Harm reduction and access
to controlled medicines. In Research Handbook on International Drug Policy; Edward Elgar Publishing: Cheltenham, UK, 2020;
pp. 248–264.

9. Goel, S.; Sharma, A.; Garg, A. Effect of Alcohol Consumption on Cardiovascular Health. Curr. Cardiol. Rep. 2018, 20, 19. [CrossRef]
10. Hajifathalian, K.; Torabi Sagvand, B.; McCullough, A.J. Effect of Alcohol Consumption on Survival in Nonalcoholic Fatty Liver

Disease: A National Prospective Cohort Study. Hepatology 2019, 70, 511–521. [CrossRef]
11. Carvalho, A.F.; Heilig, M.; Perez, A.; Probst, C.; Rehm, J. Alcohol use disorders. Lancet 2019, 394, 781–792. [CrossRef]
12. Wang, H.J.; Zakhari, S.; Jung, M.K. Alcohol, inflammation, and gut-liver-brain interactions in tissue damage and disease

development. World J. Gastroenterol. 2010, 16, 1304–1313. [CrossRef]
13. Rehm, J.; Baliunas, D.; Borges, G.L.; Graham, K.; Irving, H.; Kehoe, T.; Parry, C.D.; Patra, J.; Popova, S.; Poznyak, V. The

relation between different dimensions of alcohol consumption and burden of disease: An overview. Addiction 2010, 105, 817–843.
[CrossRef]

14. Trope, A.; Anderson, B.T.; Hooker, A.R.; Glick, G.; Stauffer, C.; Woolley, J.D. Psychedelic-Assisted Group Therapy: A Systematic
Review. J. Psychoact. Drugs 2019, 51, 174–188. [CrossRef]

15. Witkiewitz, K.; Marlatt, G.A.; Walker, D. Mindfulness-based relapse prevention for alcohol and substance use disorders. J. Cogn.
Psychother. 2005, 19, 211–228. [CrossRef]

16. Houben, K.; Wiers, R.W.; Jansen, A. Getting a grip on drinking behavior: Training working memory to reduce alcohol abuse.
Psychol. Sci. 2011, 22, 968–975. [CrossRef]

https://doi.org/10.1016/S0140-6736(05)17870-2
https://doi.org/10.1016/S0140-6736(09)60746-7
https://doi.org/10.1007/s11136-019-02300-y
https://doi.org/10.1017/S2045796019000179
https://doi.org/10.1371/journal.pone.0177252
https://doi.org/10.1007/s11886-018-0962-2
https://doi.org/10.1002/hep.30226
https://doi.org/10.1016/S0140-6736(19)31775-1
https://doi.org/10.3748/wjg.v16.i11.1304
https://doi.org/10.1111/j.1360-0443.2010.02899.x
https://doi.org/10.1080/02791072.2019.1593559
https://doi.org/10.1891/jcop.2005.19.3.211
https://doi.org/10.1177/0956797611412392


Medicina 2023, 59, 1101 12 of 16

17. Wright, C.; Moore, R.D. Disulfiram treatment of alcoholism. Am. J. Med. 1990, 88, 647–655. [CrossRef]
18. Bohn, M.J.; Kranzler, H.R.; Beazoglou, D.; Staehler, B.A. Naltrexone and brief counseling to reduce heavy drinking: Results of a

small clinical trial. Am. J. Addict. 1994, 3, 91–99.
19. Ray, L.A.; Chin, P.F.; Miotto, K. Naltrexone for the treatment of alcoholism: Clinical findings, mechanisms of action, and

pharmacogenetics. CNS Neurol. Disord. Drug Targets 2010, 9, 13–22. [CrossRef]
20. Toljan, K.; Vrooman, B. Low-Dose Naltrexone (LDN)-Review of Therapeutic Utilization. Med. Sci. 2018, 6, 82. [CrossRef]
21. Littleton, J.; Zieglgansberger, W. Pharmacological mechanisms of naltrexone and acamprosate in the prevention of relapse in

alcohol dependence. Am. J. Addict. 2003, 12, s3–s11. [CrossRef]
22. de Laat, B.; Nabulsi, N.; Huang, Y.; O’Malley, S.S.; Froehlich, J.C.; Morris, E.D.; Krishnan-Sarin, S. Occupancy of the kappa opioid

receptor by naltrexone predicts reduction in drinking and craving. Mol. Psychiatry 2021, 26, 5053–5060. [CrossRef]
23. Hartwell, E.E.; Feinn, R.; Morris, P.E.; Gelernter, J.; Krystal, J.; Arias, A.J.; Hoffman, M.; Petrakis, I.; Gueorguieva, R.; Schacht, J.P.;

et al. Systematic review and meta-analysis of the moderating effect of rs1799971 in OPRM1, the mu-opioid receptor gene, on
response to naltrexone treatment of alcohol use disorder. Addiction 2020, 115, 1426–1437. [CrossRef]

24. Heilig, M.; Goldman, D.; Berrettini, W.; O’Brien, C.P. Pharmacogenetic approaches to the treatment of alcohol addiction. Nat. Rev.
Neurosci. 2011, 12, 670–684. [CrossRef]

25. Viudez-Martinez, A.; Garcia-Gutierrez, M.S.; Fraguas-Sanchez, A.I.; Torres-Suarez, A.I.; Manzanares, J. Effects of cannabidiol plus
naltrexone on motivation and ethanol consumption. Br. J. Pharmacol. 2018, 175, 3369–3378. [CrossRef]

26. Blackmore, H.; Hidrio, C.; Godineau, P.; Yeomans, M.R. The effect of implicit and explicit extrinsic cues on hedonic and sensory
expectations in the context of beer. Food Qual. Prefer. 2020, 81, 103855. [CrossRef]

27. Spear, L.P.; Varlinskaya, E.I. Sensitivity to ethanol and other hedonic stimuli in an animal model of adolescence: Implications for
prevention science? Dev. Psychobiol. 2010, 52, 236–243. [CrossRef]

28. Unterwald, E.M. Naltrexone in the treatment of alcohol dependence. J. Addict. Med. 2008, 2, 121–127. [CrossRef]
29. Dudek, M.; Canals, S.; Sommer, W.H.; Hyytia, P. Modulation of nucleus accumbens connectivity by alcohol drinking and

naltrexone in alcohol-preferring rats: A manganese-enhanced magnetic resonance imaging study. Eur. Neuropsychopharmacol.
2016, 26, 445–455. [CrossRef]

30. Nieto, S.J.; Quave, C.B.; Kosten, T.A. Naltrexone alters alcohol self-administration behaviors and hypothalamic-pituitary-adrenal
axis activity in a sex-dependent manner in rats. Pharmacol. Biochem. Behav. 2018, 167, 50–59. [CrossRef]

31. Chandler, C.M.; Maggio, S.E.; Peng, H.; Nixon, K.; Bardo, M.T. Effects of ethanol, naltrexone, nicotine and varenicline in an
ethanol and nicotine co-use model in Sprague-Dawley rats. Drug Alcohol Depend. 2020, 212, 107988. [CrossRef]

32. Minnaard, A.M.; Ramakers, G.M.J.; Vanderschuren, L.; Lesscher, H.M.B. Baclofen and naltrexone, but not N-acetylcysteine, affect
voluntary alcohol drinking in rats regardless of individual levels of alcohol intake. Behav. Pharmacol. 2021, 32, 251–257. [CrossRef]

33. Vallender, E.J.; Ruedi-Bettschen, D.; Miller, G.M.; Platt, D.M. A pharmacogenetic model of naltrexone-induced attenuation of
alcohol consumption in rhesus monkeys. Drug Alcohol Depend. 2010, 109, 252–256. [CrossRef] [PubMed]

34. de Laat, B.; Goldberg, A.; Shi, J.; Tetrault, J.M.; Nabulsi, N.; Zheng, M.-Q.; Najafzadeh, S.; Gao, H.; Kapinos, M.; Ropchan, J. The
kappa opioid receptor is associated with naltrexone-induced reduction of drinking and craving. Biol. Psychiatry 2019, 86, 864–871.
[CrossRef] [PubMed]

35. Maisel, N.C.; Blodgett, J.C.; Wilbourne, P.L.; Humphreys, K.; Finney, J.W. Meta-analysis of naltrexone and acamprosate for
treating alcohol use disorders: When are these medications most helpful? Addiction 2013, 108, 275–293. [CrossRef] [PubMed]

36. Guardia, J.; Caso, C.; Arias, F.; Gual, A.; Sanahuja, J.; Ramirez, M.; Mengual, I.; Gonzalvo, B.; Segura, L.; Trujols, J.; et al. A
double-blind, placebo-controlled study of naltrexone in the treatment of alcohol-dependence disorder: Results from a multicenter
clinical trial. Alcohol. Clin. Exp. Res. 2002, 26, 1381–1387. [CrossRef] [PubMed]

37. Palpacuer, C.; Duprez, R.; Huneau, A.; Locher, C.; Boussageon, R.; Laviolle, B.; Naudet, F. Pharmacologically controlled drinking
in the treatment of alcohol dependence or alcohol use disorders: A systematic review with direct and network meta-analyses on
nalmefene, naltrexone, acamprosate, baclofen and topiramate. Addiction 2018, 113, 220–237. [CrossRef]

38. Rosenfeld, W.E. Topiramate: A review of preclinical, pharmacokinetic, and clinical data. Clin. Ther. 1997, 19, 1294–1308. [CrossRef]
39. Shank, R.P.; Gardocki, J.F.; Streeter, A.J.; Maryanoff, B.E. An overview of the preclinical aspects of topiramate: Pharmacology,

pharmacokinetics, and mechanism of action. Epilepsia 2000, 41, 3–9. [CrossRef]
40. Curia, G.; Aracri, P.; Colombo, E.; Scalmani, P.; Mantegazza, M.; Avanzini, G.; Franceschetti, S. Phosphorylation of sodium

channels mediated by protein kinase-C modulates inhibition by topiramate of tetrodotoxin-sensitive transient sodium current. Br.
J. Pharmacol. 2007, 150, 792–797. [CrossRef]

41. White, H.S.; Brown, S.D.; Woodhead, J.H.; Skeen, G.A.; Wolf, H.H. Topiramate enhances GABA-mediated chloride flux and
GABA-evoked chloride currents in murine brain neurons and increases seizure threshold. Epilepsy Res. 1997, 28, 167–179.
[CrossRef]

42. Simeone, T.A.; Wilcox, K.S.; White, H.S. Subunit selectivity of topiramate modulation of heteromeric GABA(A) receptors.
Neuropharmacology 2006, 50, 845–857. [CrossRef]

43. Gryder, D.S.; Rogawski, M.A. Selective antagonism of GluR5 kainate-receptor-mediated synaptic currents by topiramate in rat
basolateral amygdala neurons. J. Neurosci. 2003, 23, 7069–7074. [CrossRef] [PubMed]

44. Jefee-Bahloul, H.; Jorandby, L.; Arias, A.J. Topiramate Treatment of Alcohol Use Disorder in Clinical Practice. J. Addict. Med. 2019,
13, 23–27. [CrossRef]

https://doi.org/10.1016/0002-9343(90)90534-K
https://doi.org/10.2174/187152710790966704
https://doi.org/10.3390/medsci6040082
https://doi.org/10.1111/j.1521-0391.2003.tb00492.x
https://doi.org/10.1038/s41380-020-0811-8
https://doi.org/10.1111/add.14975
https://doi.org/10.1038/nrn3110
https://doi.org/10.1111/bph.14380
https://doi.org/10.1016/j.foodqual.2019.103855
https://doi.org/10.1002/dev.20457
https://doi.org/10.1097/ADM.0b013e318182b20f
https://doi.org/10.1016/j.euroneuro.2016.01.003
https://doi.org/10.1016/j.pbb.2018.02.003
https://doi.org/10.1016/j.drugalcdep.2020.107988
https://doi.org/10.1097/FBP.0000000000000615
https://doi.org/10.1016/j.drugalcdep.2010.01.005
https://www.ncbi.nlm.nih.gov/pubmed/20153935
https://doi.org/10.1016/j.biopsych.2019.05.021
https://www.ncbi.nlm.nih.gov/pubmed/31399255
https://doi.org/10.1111/j.1360-0443.2012.04054.x
https://www.ncbi.nlm.nih.gov/pubmed/23075288
https://doi.org/10.1111/j.1530-0277.2002.tb02682.x
https://www.ncbi.nlm.nih.gov/pubmed/12351933
https://doi.org/10.1111/add.13974
https://doi.org/10.1016/S0149-2918(97)80006-9
https://doi.org/10.1111/j.1528-1157.2000.tb02163.x
https://doi.org/10.1038/sj.bjp.0707144
https://doi.org/10.1016/S0920-1211(97)00045-4
https://doi.org/10.1016/j.neuropharm.2005.12.006
https://doi.org/10.1523/JNEUROSCI.23-18-07069.2003
https://www.ncbi.nlm.nih.gov/pubmed/12904467
https://doi.org/10.1097/ADM.0000000000000444


Medicina 2023, 59, 1101 13 of 16

45. Manhapra, A.; Chakraborty, A.; Arias, A.J. Topiramate Pharmacotherapy for Alcohol Use Disorder and Other Addictions: A
Narrative Review. J. Addict. Med. 2019, 13, 7–22. [CrossRef] [PubMed]

46. Baltieri, D.A.; Daro, F.R.; Ribeiro, P.L.; de Andrade, A.G. Comparing topiramate with naltrexone in the treatment of alcohol
dependence. Addiction 2008, 103, 2035–2044. [CrossRef]

47. Florez, G.; Garcia-Portilla, P.; Alvarez, S.; Saiz, P.A.; Nogueiras, L.; Bobes, J. Using topiramate or naltrexone for the treatment of
alcohol-dependent patients. Alcohol. Clin. Exp. Res. 2008, 32, 1251–1259. [CrossRef]

48. Fernández Miranda, J.J.; Marina González, P.A.; Montes Pérez, M.; Díaz González, T.; Gutiérrez Cienfuegos, E.; Antuña Díaz, M.J.;
Bobes García, J. Topiramate as add-on therapy in non-respondent alcohol dependant patients: A 12 month follow-up study. Actas
Esp. Psiquiatr. 2007, 35, 236–242.

49. Harris, B.R.; Prendergast, M.A.; Gibson, D.A.; Rogers, D.T.; Blanchard, J.A.; Holley, R.C.; Fu, M.C.; Hart, S.R.; Pedigo, N.W.;
Littleton, J.M. Acamprosate inhibits the binding and neurotoxic effects of trans-ACPD, suggesting a novel site of action at
metabotropic glutamate receptors. Alcohol. Clin. Exp. Res. 2002, 26, 1779–1793. [CrossRef]

50. Holter, S.M.; Spanagel, R. Effects of opiate antagonist treatment on the alcohol deprivation effect in long-term ethanol-experienced
rats. Psychopharmacology 1999, 145, 360–369. [CrossRef]

51. Lido, H.H.; Marston, H.; Ericson, M.; Soderpalm, B. The glycine reuptake inhibitor Org24598 and acamprosate reduce ethanol
intake in the rat; tolerance development to acamprosate but not to Org24598. Addict. Biol. 2012, 17, 897–907. [CrossRef]

52. Cole, J.C.; Littleton, J.M.; Little, H.J. Acamprosate, but not naltrexone, inhibits conditioned abstinence behaviour associated with
repeated ethanol administration and exposure to a plus-maze. Psychopharmacology 2000, 147, 403–411. [CrossRef]

53. Farook, J.M.; Krazem, A.; Lewis, B.; Morrell, D.J.; Littleton, J.M.; Barron, S. Acamprosate attenuates the handling induced
convulsions during alcohol withdrawal in Swiss Webster mice. Physiol. Behav. 2008, 95, 267–270. [CrossRef]

54. Mann, K.; Kiefer, F.; Spanagel, R.; Littleton, J. Acamprosate: Recent findings and future research directions. Alcohol. Clin. Exp. Res.
2008, 32, 1105–1110. [CrossRef]

55. Koob, G.F.; Mason, B.J.; De Witte, P.; Littleton, J.; Siggins, G.R. Potential neuroprotective effects of acamprosate. Alcohol. Clin. Exp.
Res. 2002, 26, 586–592. [CrossRef]

56. Lingford-Hughes, A.; Watson, B.; Kalk, N.; Reid, A. Neuropharmacology of addiction and how it informs treatment. Br. Med.
Bull. 2010, 96, 93–110. [CrossRef]

57. Ghanavatian, S.; Derian, A. Baclofen; StatPearls Publishing: Treasure Island, FL, USA, 2018.
58. Heaney, C.F.; Kinney, J.W. Role of GABA(B) receptors in learning and memory and neurological disorders. Neurosci. Biobehav. Rev.

2016, 63, 1–28. [CrossRef]
59. Vlachou, S.; Markou, A. GABAB receptors in reward processes. Adv. Pharmacol. 2010, 58, 315–371.
60. Colombo, G.; Addolorato, G.; Agabio, R.; Carai, M.A.; Pibiri, F.; Serra, S.; Vacca, G.; Gessa, G.L. Role of GABA(B) receptor in

alcohol dependence: Reducing effect of baclofen on alcohol intake and alcohol motivational properties in rats and amelioration of
alcohol withdrawal syndrome and alcohol craving in human alcoholics. Neurotox. Res. 2004, 6, 403–414. [CrossRef]

61. Felice, D.; O’Leary, O.F.; Cryan, J.F. Targeting the GABA B receptor for the treatment of depression and anxiety disorders. In
GABAB Receptor; Springer: Cham, Switzerland, 2016; pp. 219–250.

62. Liu, L.; Li, C.-j.; Lu, Y.; Zong, X.-g.; Luo, C.; Sun, J.; Guo, L.-j. Baclofen mediates neuroprotection on hippocampal CA1 pyramidal
cells through the regulation of autophagy under chronic cerebral hypoperfusion. Sci. Rep. 2015, 5, 14474. [CrossRef]

63. Girard, M.; Labrunie, A.; Malauzat, D.; Nubukpo, P. Evolution of BDNF serum levels during the first six months after alcohol
withdrawal. World J. Biol. Psychiatry 2020, 21, 739–747. [CrossRef]

64. Cooney, G.; Heydtmann, M.; Smith, I.D. Baclofen and the Alcohol Withdrawal Syndrome—A Short Review. Front. Psychiatry
2018, 9, 773. [CrossRef]

65. Colombo, G.; Vacca, G.; Serra, S.; Brunetti, G.; Carai, M.A.; Gessa, G.L. Baclofen suppresses motivation to consume alcohol in rats.
Psychopharmacology 2003, 167, 221–224. [CrossRef]

66. Colombo, G.; Gessa, G.L. Suppressing Effect of Baclofen on Multiple Alcohol-Related Behaviors in Laboratory Animals. Front.
Psychiatry 2018, 9, 475. [CrossRef]

67. Hill, D.; Bowery, N. 3H-baclofen and 3H-GABA bind to bicuculline-insensitive GABAB sites in rat brain. Nature 1981, 290,
149–152. [CrossRef]

68. Alfonso-Loeches, S.; Guerri, C. Molecular and behavioral aspects of the actions of alcohol on the adult and developing brain. Crit.
Rev. Clin. Lab. Sci. 2011, 48, 19–47. [CrossRef]

69. Li, S.P.; Park, M.S.; Jin, G.Z.; Kim, J.H.; Lee, H.L.; Lee, Y.L.; Kim, J.H.; Bahk, J.Y.; Park, T.J.; Koh, P.O.; et al. Ethanol modulates
GABA(B) receptor expression in cortex and hippocampus of the adult rat brain. Brain Res. 2005, 1061, 27–35. [CrossRef]

70. Daoust, M.; Saligaut, C.; Lhuintre, J.P.; Moore, N.; Flipo, J.L.; Boismare, F. GABA transmission, but not benzodiazepine receptor
stimulation, modulates ethanol intake by rats. Alcohol 1987, 4, 469–472. [CrossRef]

71. Colombo, G.; Serra, S.; Brunetti, G.; Atzori, G.; Pani, M.; Vacca, G.; Addolorato, G.; Froestl, W.; Carai, M.A.; Gessa, G.L. The
GABA(B) receptor agonists baclofen and CGP 44532 prevent acquisition of alcohol drinking behaviour in alcohol-preferring rats.
Alcohol Alcohol. 2002, 37, 499–503. [CrossRef]

72. Tanchuck, M.A.; Yoneyama, N.; Ford, M.M.; Fretwell, A.M.; Finn, D.A. Assessment of GABA-B, metabotropic glutamate, and
opioid receptor involvement in an animal model of binge drinking. Alcohol 2011, 45, 33–44. [CrossRef]

https://doi.org/10.1097/ADM.0000000000000443
https://www.ncbi.nlm.nih.gov/pubmed/30096077
https://doi.org/10.1111/j.1360-0443.2008.02355.x
https://doi.org/10.1111/j.1530-0277.2008.00680.x
https://doi.org/10.1111/j.1530-0277.2002.tb02484.x
https://doi.org/10.1007/s002130051069
https://doi.org/10.1111/j.1369-1600.2011.00367.x
https://doi.org/10.1007/s002130050009
https://doi.org/10.1016/j.physbeh.2008.05.020
https://doi.org/10.1111/j.1530-0277.2008.00690.x
https://doi.org/10.1111/j.1530-0277.2002.tb02578.x
https://doi.org/10.1093/bmb/ldq032
https://doi.org/10.1016/j.neubiorev.2016.01.007
https://doi.org/10.1007/BF03033315
https://doi.org/10.1038/srep14474
https://doi.org/10.1080/15622975.2020.1733079
https://doi.org/10.3389/fpsyt.2018.00773
https://doi.org/10.1007/s00213-003-1397-y
https://doi.org/10.3389/fpsyt.2018.00475
https://doi.org/10.1038/290149a0
https://doi.org/10.3109/10408363.2011.580567
https://doi.org/10.1016/j.brainres.2005.08.052
https://doi.org/10.1016/0741-8329(87)90087-5
https://doi.org/10.1093/alcalc/37.5.499
https://doi.org/10.1016/j.alcohol.2010.07.009


Medicina 2023, 59, 1101 14 of 16

73. Colombo, G.; Serra, S.; Vacca, G.; Carai, M.A.; Gessa, G.L. Baclofen-induced suppression of alcohol deprivation effect in Sardinian
alcohol-preferring (sP) rats exposed to different alcohol concentrations. Eur. J. Pharmacol. 2006, 550, 123–126. [CrossRef]

74. Maccioni, P.; Bienkowski, P.; Carai, M.A.; Gessa, G.L.; Colombo, G. Baclofen attenuates cue-induced reinstatement of alcohol-
seeking behavior in Sardinian alcohol-preferring (sP) rats. Drug Alcohol Depend. 2008, 95, 284–287. [CrossRef]

75. Lorrai, I.; Maccioni, P.; Gessa, G.L.; Colombo, G. R (+)-baclofen, but not S (−)-baclofen, alters alcohol self-administration in
alcohol-preferring rats. Front. Psychiatry 2016, 7, 68. [CrossRef]

76. Culy, C.R.; Bhana, N.; Plosker, G.L. Ondansetron: A review of its use as an antiemetic in children. Paediatr. Drugs 2001, 3, 441–479.
[CrossRef]

77. Szumlinski, K.K.; Diab, M.E.; Friedman, R.; Henze, L.M.; Lominac, K.D.; Bowers, M.S. Accumbens neurochemical adaptations
produced by binge-like alcohol consumption. Psychopharmacology 2007, 190, 415–431. [CrossRef]

78. Johnson, B.A.; Roache, J.D.; Javors, M.A.; DiClemente, C.C.; Cloninger, C.R.; Prihoda, T.J.; Bordnick, P.S.; Ait-Daoud, N.; Hensler,
J. Ondansetron for reduction of drinking among biologically predisposed alcoholic patients: A randomized controlled trial. JAMA
2000, 284, 963–971. [CrossRef]

79. Kranzler, H.R.; Pierucci-Lagha, A.; Feinn, R.; Hernandez-Avila, C. Effects of ondansetron in early- versus late-onset alcoholics: A
prospective, open-label study. Alcohol. Clin. Exp. Res. 2003, 27, 1150–1155. [CrossRef]

80. De Deurwaerdere, P.; Moison, D.; Navailles, S.; Porras, G.; Spampinato, U. Regionally and functionally distinct serotonin3
receptors control in vivo dopamine outflow in the rat nucleus accumbens. J. Neurochem. 2005, 94, 140–149. [CrossRef]

81. Porras, G.; De Deurwaerdere, P.; Moison, D.; Spampinato, U. Conditional involvement of striatal serotonin3 receptors in the
control of in vivo dopamine outflow in the rat striatum. Eur. J. Neurosci. 2003, 17, 771–781. [CrossRef]

82. Kenna, G.A. Medications acting on the serotonergic system for the treatment of alcohol dependent patients. Curr. Pharm. Des.
2010, 16, 2126–2135. [CrossRef]

83. Edwards, S.M.; Kenna, G.A.; Swift, R.M.; Leggio, L. Current and promising pharmacotherapies, and novel research target areas in
the treatment of alcohol dependence: A review. Curr. Pharm. Des. 2011, 17, 1323–1332. [CrossRef]

84. Addolorato, G.; Mirijello, A.; Leggio, L.; Ferrulli, A.; Landolfi, R. Management of alcohol dependence in patients with liver
disease. CNS Drugs 2013, 27, 287–299. [CrossRef]

85. Leggio, L.; Falk, D.E.; Ryan, M.L.; Fertig, J.; Litten, R.Z. Medication Development for Alcohol Use Disorder: A Focus on Clinical
Studies. In Substance Use Disorders; Handbook of Experimental Pharmacology; Springer: Cham, Switzerland, 2020; Volume 258,
pp. 443–462.

86. Blevins, D.; Seneviratne, C.; Wang, X.Q.; Johnson, B.A.; Ait-Daoud, N. A randomized, double-blind, placebo-controlled trial of
ondansetron for the treatment of cocaine use disorder with post hoc pharmacogenetic analysis. Drug Alcohol Depend. 2021, 228,
109074.

87. Burnette, E.M.; Nieto, S.J.; Grodin, E.N.; Meredith, L.R.; Hurley, B.; Miotto, K.; Gillis, A.J.; Ray, L.A. Novel Agents for the
Pharmacological Treatment of Alcohol Use Disorder. Drugs 2022, 82, 251–274. [CrossRef]

88. Johnson, B.; Campling, G.; Griffiths, P.; Cowen, P. Attenuation of some alcohol-induced mood changes and the desire to drink by
5-HT3 receptor blockade: A preliminary study in healthy male volunteers. Psychopharmacology 1993, 112, 142–144. [CrossRef]

89. Swift, R.M.; Davidson, D.; Whelihan, W.; Kuznetsov, O. Ondansetron alters human alcohol intoxication. Biol. Psychiatry 1996, 40,
514–521. [CrossRef]

90. Ye, J.H.; Ponnudurai, R.; Schaefer, R. Ondansetron: A selective 5-HT3 receptor antagonist and its applications in CNS-related
disorders. CNS Drug Rev. 2001, 7, 199–213. [CrossRef]

91. Leppik, I.E. Zonisamide: Chemistry, mechanism of action, and pharmacokinetics. Seizure 2004, 13 (Suppl. S1), S5–S9, discussion
S10. [CrossRef]

92. Knapp, C.M.; Mercado, M.; Markley, T.L.; Crosby, S.; Ciraulo, D.A.; Kornetsky, C. Zonisamide decreases ethanol intake in rats and
mice. Pharmacol. Biochem. Behav. 2007, 87, 65–72. [CrossRef]

93. Rubio, G.; Lopez-Munoz, F.; Ferre, F.; Martinez-Gras, I.; Ponce, G.; Pascual, J.M.; Jimenez-Arriero, M.A.; Alamo, C. Effects of
zonisamide in the treatment of alcohol dependence. Clin. Neuropharmacol. 2010, 33, 250–253. [CrossRef]

94. Sarid-Segal, O.; Knapp, C.M.; Burch, W.; Richardson, M.A.; Bahtia, S.; DeQuattro, K.; Afshar, M.; Richambault, C.; Sickels, L.;
Devine, E.; et al. The anticonvulsant zonisamide reduces ethanol self-administration by risky drinkers. Am. J. Drug Alcohol Abus.
2009, 35, 316–319. [CrossRef]

95. Holmes, A.; Spanagel, R.; Krystal, J.H. Glutamatergic targets for new alcohol medications. Psychopharmacology 2013, 229, 539–554.
[CrossRef]

96. Yamamura, S.; Ohoyama, K.; Nagase, H.; Okada, M. Zonisamide enhances delta receptor-associated neurotransmitter release in
striato-pallidal pathway. Neuropharmacology 2009, 57, 322–331. [CrossRef]

97. Litten, R.Z.; Wilford, B.B.; Falk, D.E.; Ryan, M.L.; Fertig, J.B. Potential medications for the treatment of alcohol use disorder: An
evaluation of clinical efficacy and safety. Subst. Abus. 2016, 37, 286–298. [CrossRef]

98. Cardé, N.A.Q.; Perez, E.E.; Feinn, R.; Kranzler, H.R.; De Biasi, M. Antagonism of GluK1-containing kainate receptors reduces
ethanol consumption by modulating ethanol reward and withdrawal. Neuropharmacology 2021, 199, 108783. [CrossRef]
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