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Abstract: Harmful alcohol use is a risk factor in more than 60 diseases and injuries resulting in approximately 2.5 million deaths per year
worldwide. In the United States (US) and Europe, there are only a few medications approved for alcohol dependence (AD) however,
these medications have only been moderately effective and there is a crucial need for more effective treatments. This review briefly
summarizes research on currently approved medications for AD, as well as promising medications like topiramate, baclofen and ondanse-
tron. Topiramate is likely the most promising new treatment for AD, however, further research is needed to determine the optimal dose
and appropriate length of treatment. Baclofen, a GABAg agonist, is a promising medication as a treatment for AD, especially for patients
with AD and severe liver disease. Ondansetron has shown promising results as a potential medication for AD, but only within a certain
subtype of individuals. This review also discusses more recent findings on other potential pharmacotherapies for AD, such as serotonin-
specific reuptake inhibitors (SSRIs; i.e. sertraline), aripiprazole and prazosin, as well as on some examples of other potentially interesting
new neuropharmacological targets (i.e. cannabinoid receptors, CRF, NPY, ghrelin). Finally, the present review also discusses the at-
tempts to personalize medication for AD treatment by alcohol typology and pharmacogenetics.
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INTRODUCTION

Harmful alcohol use is a factor in more than 60 diseases and
injuries and results in approximately 2.5 million deaths per year
worldwide [1]. As highlighted by the World Health Organization
[2], the disease burden attributable to alcohol consumption is sig-
nificant worldwide and, in many countries, public health problems
caused by harmful use of alcohol represent a substantial health,
social and economic burden. Therefore, interventions that reduce
alcohol dependence (AD) may have important public health impli-
cations.

While not always considered a ‘medical problem’, AD is a
chronic relapsing condition with a multifactorial etiology that in-
cludes genetic, neurobiological, and environmental components [3].
Diagnosis of AD is defined by meeting at least 3 of the following
conditions during a 12-month period: tolerance, withdrawal symp-
toms, ingestion of alcohol in larger amounts or over a longer period
than intended, persistent desire or one or more unsuccessful at-
tempts to reduce or control alcohol ingestions, expenditure of much
time in activities necessary to get and drink alcohol or to recover
from its effects, abandonment of important social, occupational, or
recreational activities because of alcohol ingestion, continued alco-
hol ingestion despite the knowledge of having a persistent or recur-
rent social, psychological, or physical problem that is caused or
exacerbated by it [4].

Current treatments of AD include psychological, social and
pharmaceutical interventions. Alcohol affects several neurotrans-
mitter systems, including dopamine (DA), serotonin (5-HT),
gamma-amino butyric acid (GABA), glutamic acid, opioid, and
many others [5,6]. These systems are potential targets for drug ther-
apy in the treatment of AD. The growing understanding of the neu-
robiology of AD has led to the development of pharmacotherapies
that can complement psychosocial treatments [7,8]. The National
Institute of Health (NIH) emphasizes that addictions (including
AD) are brain disorders and the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) strongly recommends considera-
tion of pharmacotherapies for all alcoholic patients [9].
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For example, in the US, currently there are only four medica-
tions approved by the Food and Drug Administration (FDA) to treat
AD: disulfiram, oral and intramuscular (I.M.) naltrexone, and
acamprosate (Table 1). Data suggests however, that their overall
efficacy is modest [10]. Therefore, there is a critical need in the
field to identify new medications that may be effective in treating
AD individuals. In this regard, several medications are currently
under investigation, and their main results will be reviewed (see
also Table 1).

DISULFIRAM

Disulfiram reinforces an individual’s desire to stop drinking by
providing a psychological disincentive associated with the increase
in acetaldehyde, resulting in hypotension, flushing, nausea and
vomiting, when patients consume alcohol [11]. By contrast to the
pharmacological effects of the other approved pharmacotherapies,
the psychological effect of disulfiram makes it a difficult drug to
test in a double-blind placebo controlled drug trial. As a result,
disulfiram has demonstrated mixed results as a treatment for AD
[12].

Disulfiram has been investigated in several clinical trials and
has been used for over 50 years in clinical settings as a pharma-
cotherapy for AD. In the largest clinical trial (n=605 men), AD
patients were divided into 3 groups based on the following 3 possi-
ble treatments: 250 mg daily disulfiram (n=202), 1 mg disulfiram
(n=204), and multivitamin (n=199). This study showed no statisti-
cal difference in total abstinence between the groups, however, in
patients who relapsed, those in the group taking 250mg a day drank
significantly less than the other 2 groups [13]. There have been
other studies showing that patients who receive disulfiram report
more total days of abstinence from alcohol as well as lower levels
of gamma-glutamyltransferase (GGT) when compared to placebo
groups [14,15].

While most reactions to drinking alcohol when taking disul-
firam are temporary, at worse, disulfiram can induce hepatotoxicity
and liver failure [16]. Additionally, 28% of the reported cases of
disulfiram-induced hepatotoxicity resulted in death [17]. This is of
special concern considering that AD patients may already be pre-
sent with a wide spectrum of alcohol-related liver diseases. Disul-
firam has been shown to inhibit dopamine beta-hydroxylase
[18,19], which facilitates increased DA levels, presumably in the
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Table 1. Current and Promising Pharmacotherapies in the Treatment of Alcohol Dependence
Drug Pharmacological Mechanism of Action Notes of Interest
Disulfiram Blockade of the oxidation of acetaldehyde by enzyme ALDH Approved for AD
Inhibition of DBH, the enzyme that catalyzes the conversion of DA to NE
(@)
Oral and I.M. Naltrexone Opiod receptor antagonist (u- and k-opioid receptors, and to a lesser extent | Approved for AD
§-opioid receptors)
Acamprosate Blockade of glutamatergic NMDA receptors Approved for AD
Activation of GABA 4 receptors
Topiramate Increase of GABA s-facilitated neuronal activity Remarkable effect size but research
Antagonism of AMPA and kainate glutamate receptors needed for optimal dose
. Inhibition of L-type calcium channels, and limiting the activity of voltage-
dependent sodium channels
. Inhibition of CA-II and CA-IV
Baclofen . GABAj agonist Of interest for patients with AD and
severe liver impairment.
Ondansetron . Antagonism of 5-HT; receptor Effective for certain genotypes
o Possible antagonism of 5-HT, 5-HT5, a1 NE and p-opioid receptors
SSRIs *  Selective inhibition of 5-HT reuptake Effective for certain typologies
Aripiprazole . partial dopamine agonist, in particular high affinity for the D2 receptors Research needed for optimal dose
(e.g. partial agonism of DA autoreceptors at D2L receptors)
. partial agonism of the 5-HT1A receptor; antagonism of the 5-HT2A recep-
tor; and inverse agonism of the 5-HT2B receptor
Prazosin . Blockade of the NE « receptor Of interest for patients with AD and
PTSD

ALDH: aldehyde dehydrogenase; DBH: dopamine B-hydroxylase; DA: dopamine; NE: norepinephrine; AD: Alcohol Dependence; I.M.: intramuscular; NMDA: N-methyl-D-
aspartate; GABA,: gamma-aminobutyric acid type A; AMPA: alpha-amino-3-hydroxy-5-methyl-4- isoxazole-propionic acid; CA-II and CA-IV: carbonic anhydrase isoenzymes;
GABAg: gamma-aminobutyric acid type B; SSRIs: Selective serotonin reuptake inhibitors; S-HT serotonin; PTSD: Post-traumatic stress disorder.

dopaminergic brain areas related to alcohol reinforcement. Interest-
ingly, Fuller and Gordis [20] report that disulfiram may play an
important role for treatment of AD if administered under supervi-
sion. This supervision approach has been supported by a meta-
analysis [21] and a recent review [22].

NALTREXONE

One of alcohol’s many actions includes the release of (-
endorphins from neurons. A higher concentration of B-endorphin
results in an inhibition of GABA neurons that facilitate the disin-
hibition of DA neurons located in the ventral tegmental area (VTA),
that in turn project to the nucleus accumbens (NAc). In addition to
direct stimulation of the NAc to release DA, this mediated action
also results in the release of DA at the NAc. This increased DA
activity is related to the positively reinforcing effects of alcohol and
is thought to be associated with the development of alcohol de-
pendence [23,24]. Naltrexone, an opioid receptor antagonist, was
found to increase the release of DA [25].

Naltrexone was approved for AD treatment in 1994 after suc-
cessful trials reported AD patients significantly reduced alcohol
craving and consumption when taking naltrexone [26,27]. Subse-
quent clinical studies with oral naltrexone have produced some
conflicting results [28]; however, there are more positive studies
and several meta-analytic studies supporting the efficacy of
naltrexone, particularly in reducing heavy drinking (defined as 4 or
more drinks per day for women and 5 or more drinks per day for

men), though with small effect sizes [29-31]. Naltrexone has also
shown efficacy against placebo in increasing time to relapse and
time to first drink [32]. The largest multisite clinical trial, the
COMBINE study (n = 1383) tested the efficacy of medications (i.e.,
naltrexone and acamprosate), behavioral interventions (Medical
Management [MM] and Cognitive Behavioral Intervention [CBI],
and their combinations in AD patients in a 16 week multi-site
study. While all groups showed a substantial reduction in drinking,
participants who received naltrexone with MM, CBI or both,
showed a significant increase in the drinking outcomes. However,
at one year follow-up the results were similar, and no longer sig-
nificant [33].

Some predictors of a positive response to naltrexone have been
identified, including a high level of craving, a positive family his-
tory of alcoholism [34] and possessing a polymorphism
(Asn40Asp) in the mu opioid receptor gene [35,36]. Moreover,
human laboratory studies - as reviewed in [37] - have demonstrated
that naltrexone counteracts the stimulant/reinforcing effect of alco-
hol while enhancing the sedative effect; reduces subjective ratings
of alcohol cue-elicited craving; and reduces alcohol self-admi-
nistration.

Long-acting forms of naltrexone that are administered monthly
by LM. injection have been developed, as patient adherence im-
proves clinical outcomes [38,39]. An L.M. injection of a depot for-
mulation of naltrexone, when combined to a motivational enhance-
ment therapy, increased abstinent days and time to first drinking
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day in a 3-month multicenter trial in 315 subjects [40]. Subjects
who received the naltrexone depot reported significantly fewer
drinking days during treatment and a significantly greater absti-
nence rate than the placebo group (18% vs. 10%). A second long-
acting injectable formulation of naltrexone was developed and
tested, after an initial pilot study [41], in a multi-center double blind
placebo-controlled randomized trial (DBPCRCT); results of this
trial showed an effect of of naltrexone in decreasing the rate of
heavy drinking, although no effect was found in reducing the num-
ber of heavy drinking days in women [42]. In this multi-center trial
[42], two doses (180mg, 360mg) were tested and there was a dose-
response effect in reducing heavy drinking.

Naltrexone can cause hepatotoxicity, especially in patients with
significant liver problems [43]. Sustained release naltrexone may
produce less hepatotoxicity than oral naltrexone, because the in-
jected, sustained release drug does not undergo first pass metabo-
lism in the liver. However, FDA approval of both oral and I.M.
naltrexone for AD includes a black-box warning about the risk of
liver damage.

ACAMPROSATE

Acamprosate, a glutamatergic antagonist and GABA agonist, is
thought to normalize the glutamatergic excitation that occurs in
alcohol withdrawal through a mechanism of action that is not
clearly understood [44,45]. Most of the early large clinical trials
were completed in Europe where these trials resulted in strong ef-
fect sizes for improving drinking outcomes, i.e. acamprosate effec-
tively maintained complete abstinence in detoxified AD patients. In
particular, three European multi-center DBPCRCTs showed that
acamprosate, in addition to psychosocial treatment, promoted alco-
hol abstinence [32,46-48]. Meta-analyses confirmed the efficacy of
acamprosate in improving rates of abstinence and increasing time to
first drink [29,49]. For example, Mann et al. [49] reported effect
sizes in abstinent rates at 3, 6, and 12 months were 1.33, 1.50, and
1.95, respectively. A more recent trial with 374 AD patients re-
ported that genetic variations in GATA-binding protein 4 (GATAA4)
might influence relapse and treatment response to acamprosate in
AD patients via modulation of atrial natriuretic peptide (ANP)
plasma levels [50].

However, other trials in the US and Europe have failed to find
similar strength effects calling for further studies into typologies
and the severity of alcoholism [33,51-53]. In particular, differences
in the US and European trials could be attributed to differences in
study design and population. A recent Cochrane review of 24 ran-
domized clinical trials (n = 6915) showed that acamprosate, com-
pared to placebo, significantly reduced the “risk of any drinking”
and increased the cumulative abstinence duration (CAD). On the
other hand, no significant effect of acamprosate was found in reduc-
ing heavy drinking. The Cochrane review concluded that acampro-
sate is safe and effective in promoting continuous abstinence after
detoxification in AD patients [54].

TOPIRAMATE

Topiramate is an anticonvulsant that increases GABAa-
facilitated neuronal activity and antagonizes AMPA and kainate
glutamate receptors with a consequent reduction of DA release in
the NAc. Moreover, topiramate modulates ionotropic channels,
inhibiting L-type calcium channels, limiting the activity of voltage-
dependent sodium channels and facilitating potassium conductance,
all of which contribute to the hyperactivity and resulting anxiety of
withdrawal. Another mechanism of action for topiramate is weak
inhibition of the carbonic anhydrase isoenzymes, CA-Il and CA-1V,
in the brain and in the kidney [55].

In a 12-week, DBPCRCT (n=150), AD patients taking topi-
ramate as well as receiving a medication adherence therapy, signifi-
cantly decreased the number of drinks consumed per day and in-
creased the number of their abstinent days. Topiramate was also
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effective in reducing certain components of alcohol craving: obses-
sive thoughts about alcohol, automaticity of drinking, and interfer-
ence due to drinking, as assessed by the Obsessive and Compulsive
Drinking Scale [56].

A large multi-site (n=371) DBPCRCT administered up to
300mg/day of topiramate compared to placebo for 14 weeks [57].
In addition to topiramate (or matched placebo), all participants
received a weekly manual-guided compliance intervention, Brief
Behavioral Cognitive Enhancement Therapy (BBCET) provided by
a healthcare professional, and used to facilitate medication adher-
ence. This study demonstrated that topiramate was effective, as
compared to placebo, in reducing alcohol drinking outcomes (e.g.
heavy drinking days) through the course of the study [58]. Addi-
tionally, this trial showed a statistically significant effect that fa-
voured topiramate for improved physical health, reduced alcohol
craving, and increased psychosocial well-being [59]. Though its use
for AD is off-label, topiramate represents a new pharmacotherapy
option for AD.

Interestingly, in the US multi-site trial [59], the therapeutic
effect was evident by week 4 (titration to 300mg took 5 weeks);
suggesting further research is needed to determine the optimal dose
necessary [60]. In particular, given that there was a trend toward an
increased frequency of adverse events with dose of topiramate, a
dose of topiramate that is lower but still effective in reducing alco-
hol drinking may be of clinical value [59]. In this regard, a prelimi-
nary human laboratory study suggests that topiramate 200mg/day is
able to reduce the stimulating effects of alcohol ingestion compared
to placebo [61]. Finally, one recent but very important development
regarding topiramate was a change in the pregnancy classification
to category D, by the US FDA. This change was prompted as new
data reviewed by the North American Drug Pregnancy Registry
found that infants exposed to topiramate as a single therapy for
epilepsy in the first trimester of pregnancy had a 1.4% prevalence
of oral clefts compared to 0.38% to 0.55% for infants exposed to
other antiepileptic medications, and 0.07% for infants of mothers
who did not have epilepsy and had not been exposed to antiepilep-
tics [62].

BACLOFEN

A variety of animal studies (reviewed in: [63]) have sug-
gested that the GABAg receptor agonist, baclofen, is able to
affect several aspects of AD and alcohol-seeking behaviors.
Baclofen blocks DA release in central reward areas, such as ventral
striatum and prefrontal cortex; interestingly, a recent human study
reported that baclofen increased cerebral blood flow in these reward
areas, as shown by a brain functional Magnetic Resonance Imaging
(fMRI) [64]. Consistent with the animal data [63], baclofen has
been investigated as a potential new medication for the
treatment of AD. A preliminary DBPCRCT [65] showed that
baclofen increased CAD and reduced alcohol craving and anxiety.

These observations were also replicated in open-label studies
[66,67], and more importantly, another DBPCRCT confirmed the
efficacy of baclofen in increasing CAD and reducing alcohol crav-
ing, in AD patients with liver cirrhosis, a population usually ex-
cluded from alcohol pharmacological trials because the risk to
worsen liver disease [68]. The safety of baclofen in patients with
alcohol liver disease has been recently confirmed by a small study,
where baclofen was administered for 5-8 months in patients with
alcoholic hepatitis [69]. Together, these data suggested that ba-
clofen may represent a promising pharmacotherapy for AD patients
affected by alcoholic liver disease. If confirmed by larger studies,
the efficacy and safety of baclofen in treating AD patients with
significant medical problems may have important public health
implications.

In contrast to previous studies, another 12-week clinical trial
[70] found no significant differences between baclofen and placebo
in reducing heavy drinking and craving, or in increasing percentage
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of abstinence. A possible explanation of the difference in outcomes
across trials could be the different severity of AD of the enrolled
patients [71-73]. In particular, a recent analysis of previous positive
and negative baclofen studies in AD has shown a difference in
baseline alcohol drinking, withdrawal severity and anxiety [73]. As
such, future studies are needed to identify subtypes of AD patients
who respond to baclofen. Moreover, all previous studies used ba-
clofen at the dose of 10mg three times a day (t.i.d.). However, a
recent preliminary study shows a dose-response effect of baclofen
20mg t.i.d. vs. baclofen 10mg t.i.d. [74], thus suggesting that testing
higher doses of baclofen represents another possible direction to
pursue.

ONDANSETRON

The 5-HT system plays a key role in regulating the severity of
alcohol drinking [75]. Ondansetron, a 5-HT; antagonist, is thought
to work by affecting the function of the 5-HT transporter (5-HTT)
resulting in down-regulation of the dopaminergic neurons decreas-
ing the reward from alcohol [76].

A randomized, placebo-controlled study tested the efficacy of 6
weeks of ondansetron (0.25 mg twice a day (b.i.d.) or 2.0 mg b.i.d.),
in the treatment of 71 alcohol-dependent males and provided pre-
liminary evidence of the role of ondansetron in reducing alcohol
drinking [77]. Subsequently, another clinical trial tested the role of
ondansetron in AD. The researchers divided participants into early-
onset (EOA) and late-onset (LOA) groups [EOA is defined as the
initial onset of alcoholism at the age of 25 years or younger com-
pared to LOA in which initial alcoholism after the age of 25]. This
study showed positive results for patients who received ondansetron
(1,4, and 16mcg/kg b.i.d.) compared with those received placebo in
reducing drinks per day and drinks per drinking day. Ondansetron,
4 mcg/kg b.i.d., was more effective than placebo in increasing total
days abstinent and percentage of days abstinent [78]. Furthermore,
when compared to placebo, ondansetron (4 mcg/kg b.i.d.) resulted
in a significant reduction in alcohol craving, in EOA but not in
LOA [79].

More recently, a large study (n=304) was completed with test-
ing ondansetron in AD where groups were divided by genotype in
the 5’ regulatory region of the 5-HTT gene: LL, LS, or SS. In addi-
tion to standardized cognitive behavioral therapy, participants were
randomized to receive either 4 mcg/kg twice daily or placebo. Indi-
viduals with the LL genotype significantly reduced their drinks per
day and increased their days of abstinence compared to LL indi-
viduals on placebo. Also, among participants receiving ondanse-
tron, those with the LL genotype significantly reduced their drink-
ing compared to the LS and SS individuals [80]. These findings are
consistent with a pilot human laboratory study [81], where drinking
was evaluated under laboratory conditions (i.e. alcohol self-
administration). Specifically, Kenna and colleagues [81] reported
that AD individuals taking .25mg twice a day of ondansetron with
the LL genotype reported a significant reduction in drinking. By
contrast, the researchers found no correlation in a reduction in
drinking with ondansetron in individuals with the LS or SS geno-

type [81].

SELECTIVE SEROTONIN REUPTAKE
(SSRIS)

Selective serotonin reuptake inhibitors (SSRIs) work by inhibit-
ing the reuptake of 5-HT into the presynaptic cell resulting in then
increased level of 5-HT made available to bind to the postsynaptic
receptor. Preclinical studies have shown that SSRIs such as,
fluoxetine, sertraline, and citalopram increase serotonergic function
and reduce consumption of alcohol in animals [82].

However, these results have only been partially supported by
clinical trials as a treatment for AD. For example, in a DBPCRCT
(n=101), fluoxetine (60mg/day) was compared to placebo; both
groups also received cognitive behavioral therapy. While there was
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no significant difference in drinking between groups, fluoxetine
actually exacerbated drinking with the type B alcoholics (a subtype
characterized by high levels of premorbid vulnerability, alcohol-
related problems and earlier onset of alcoholism), defined by more
severe AD, earlier start drinking age and a more negative outlook
on life [83]. Subsequently, Pettinati and colleagues tested sertraline
200 mg /day vs. placebo in a 14-week study (n=100) differentiated
by patients with or without a diagnosis of lifetime depression [84].
Sertraline reduced alcohol drinking in patients without a diagnosis
of comorbid lifetime depression. Pettinati et al [84] then differenti-
ated the analysis by alcoholic subtype (A or B). Comparatively,
type A alcoholics are marked by a later onset of alcoholism, less
psychopathology, and less other drug use than type B alcoholics.
Like the study by Kranzler et al. [83], the researchers found that
type B alcoholics actually drank more when taking the SSR1 when
compared to placebo. Conversely, type A alcoholics who received
sertraline significantly reduced their alcohol drinking when com-
pared to placebo [84].

Following previous studies that reported LOAs reduced drink-
ing when taking a SSRI [84], Kranzler and colleagues sought to
compare the effects in LOAs vs. EOAs moderated by the 5-
HTTLPR polymorphism of the 5-HT transporter. AD patients re-
ceived either 200 mg/day sertraline (n=63) or placebo (n=71).
There were no main effects among S’ (S or LG) allele carriers.
However, in L’ homozygotes (LA/LA) carriers, the medication
effect varied by age of onset as LOAs who received sertraline re-
ported a significant reduction in drinking, whereas EOA patients
reduced drinking when taking placebo [85]. This last study suggests
that L’ homozygotes carriers might represent those individuals,
whose alcohol consumption is affected by SSRIs, a feature consis-
tent with the biological knowledge that L’ homozygous alleles re-
sult in several higher 5-HT transporter mRNA transcriptions than S’
alleles.

Examining the specific effects of citalopram on alcohol drink-
ing behavior, Naranjo and colleagues [86] conducted a DBPCRCT
(n=61) testing 40mg/day of citalopram for 12 weeks. Participants
were diagnosed with mild to moderate AD. Compared to women
(n=27), men (n=34) who received citalopram significantly reduced
their average drinking per day when compared to placebo. This
suggests that while citalopram may have a role for reducing alcohol
use in male AD patients [86], larger studies are needed to confirm
these findings. In summary, although positive preclinical studies
showed much promise for SSRIs, these results have not been con-
sistent in human clinical trials for the treatment of AD.

ARIPIPRAZOLE

As originally proposed by Kenna [87], aripiprazole may repre-
sent a treatment for AD. Aripiprazole binds with a high affinity for
the D2 family of receptors (e.g. partial agonism of DA autorecep-
tors at D2L receptors). Furthermore, aripiprazole holds additional
pharmacological actions, i.e. partial agonism of the 5-HT1A recep-
tor; antagonism of the 5-HT2A receptor; and inverse agonism of the
5-HT2B receptor [87]. Human laboratory studies examining the
mechanism of action demonstrated that aripiprazole attenuates the
sedative effects of alcohol [88], and reduces drinking, especially in
more impulsive alcoholics [89]. Moreover, an fMRI study demon-
strated that aripiprazole significantly attenuates neural activity in
the ventral striatum in response to alcohol cues [90].

A 12-week, DBPCRCT with 295 AD individuals found that
aripiprazole initially decreased heavy drinking days compared to
placebo, but this significant effect was attenuated when the target
dose of 30 mg was reached [91]. This trial also showed greater side
effects and study discontinuation in the aripiprazole arm, as com-
pared to placebo [91]. Interestingly, an open-label study of aripipra-
zole [92] suggests that lower doses of aripiprazole (5-15mg per
day) may be better tolerated and still reduce drinking.
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PRAZOSIN

Preclinical and clinical evidence demonstrate an important role
of the norepinephrine (NE) system in AD, thus several preclinical
studies have been investigating the potential role of the NE system
as a neuropharmacological target for AD [93-97].

Though early work suggested that the NE reuptake inhibitor
desipramine prolonged the time to relapse in depressed alcoholics
[98,99] research on alcohol pharmacotherapy has been slow to fo-
cus on the NE system. Following the unpublished clinical observa-
tion that many patients affected by Post-Traumatic Stress Disorder
(PTSD) and treated with the NE alpha 1-blocker prazosin reduced
or even stopped drinking, researchers started preclinical and clinical
research aimed at testing prazosin for AD. An experiment demon-
strated that prazosin reduces alcohol self-administration and is more
potent in ethanol-dependent rats than in non-dependent, suggesting
that prazosin blocks dependence-induced increases for responding
to alcohol by rats [100]. Subsequently, an experiment demonstrated
that both acute and chronic prazosin treatment decreases ethanol
consumption in alcohol preferring rats [101]. Based on this pre-
clinical evidence, a 6-week pilot DBPCRCT was recently per-
formed [102]. After a 2-week titration, 24 AD subjects were treated
with placebo or prazosin 16 mg/day (4 mg QAM, 4 mg QPM, and 8
mg QHS), the highest dose usually used in clinical practice, i.e. for
hypertension. Participants also received Medical Management ses-
sions. During the last 3 weeks of this study, (when participants were
at the targeted dose), the prazosin group had a statistically signifi-
cant reduction in drinking days per week, and a trend of reduction
in drinks per week compared to placebo. Larger studies are cur-
rently ongoing to test the role of prazosin in AD, as well as in AD
and PTSD comorbidity.

POSSIBLE FUTURE TARGETS FOR AD.

There are a myriad of different neuropharmacological targets
for AD that are under investigation, mostly at a preclinical level
(for an extensive review, see [103]). Here, we only report a few
examples.

Cannabinoid Receptors

Involved in the physiological processes of mood, appetite, pain-
sensation, and memory, the endocannabinoid system plays an im-
portant role in the behavioral effects of alcohol [104]. There are
currently two known subtypes of cannabinoid receptors: CB1 and
CB2. CBL1 is mainly expressed in the brain, but also is found in the
lungs, liver, and kidneys whereas the CB2 receptor is mainly ex-
pressed in the immune system. In the brain, CB1 receptors are
densely found in the VTA and the NAc. As part of the reward sys-
tem of the brain, targeting these particular receptors could prove
beneficial in reducing the craving of alcohol.

In animal studies, administration of certain CB1 agonists sig-
nificantly stimulates ethanol intake in ethanol-preferring rats. In
contrast, blocking of this receptor decreases alcohol consumption
(reviewed in: [103,104]). One potential CB1 antagonist, rimonabant
has shown promise as a potential blocker of this receptor and de-
creasing ethanol intake in animal studies [105]. However, rimona-
bant has failed to replicate the animal study findings, in either a
multi-site alcohol treatment study [106] or in a human laboratory
study with an alcohol self-administration experiment [107]. Further
research is needed to understand the inconsistencies between pre-
clinical research and clinical studies. Moreover, rimonabant has
been associated with an increase risk of suicide, therefore further
increasing the concern of clinical research on this area [108].

Corticotropin-Releasing Factor (CRF)

Corticotropin-releasing factor (CRF), (also called corticotropin-
releasing hormone; CRH), is a 41-amino acid peptide involved in
the stress response. CRF appears to be related to two of the main
stress response systems: hypothalamic-pituitary-adrenal (HPA)-axis
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and the locus coeruleus-norepinephrine (LC-NE) system suggesting
a central role for CRF in coordination and control of the biological
stress pathways of substance abuse. Within the HPA-axis, release of
CRF from the paraventricular nuclei stimulates the secretion
of adrenocorticotropic hormone (ACTH) from the anterior pituitary.
ACTH then stimulates the adrenal glands to release cortisol. Corti-
sol controls many functions including inhibiting further release of
CRF in a negative feedback loop. This stress response is hypothe-
sized to play a main role in the development and facilitation of
alcohol and substance abuse disorders [109] as well as involved in a
behavioral component of alcohol relapse [110]. Preclinical data
suggests acute ethanol withdrawal increases CRF levels in the cen-
tral nucleus of amygdala [111] and in the bed nucleus of the stria
terminalis [112] facilitating stress and anxiety responses. A large
body of evidence demonstrates that upregulated activity of the CRF
system confers susceptibility for excessive self-administration of
alcohol and relapse (reviewed [103]). Furthermore, some studies
have shown a link between genetic polymorphisms in CRF1 and
risky-drinking behaviors [113,114], suggesting that the impact of
stress on heavy drinking could be more evident among individuals
carrying a particular genotypic variant of CRF1 gene.

Neuropeptide Y (NPY)

Neuropeptide Y (NPY) is a 36-amino acid peptide neurotrans-
mitter secreted by the hypothalamus. NPY is one of the most abun-
dant neuron modulators in the central nervous system and is in-
volved in controlling hunger, thirst, fatigue, and body temperature.
NPY effects are mediated by G-protein-coupled receptors. Cur-
rently, there are 4 identified receptor subtypes: Y1, Y2, Y4 and Y5
[115].

Preclinical studies using genetically modified mice found NPY
levels in the central and medial nuclei of the amygdala were in-
versely correlated to ethanol intake [116]. NPY infusion normalizes
the decreased expression of NPY and decreases the anxiety-like and
drinking behaviors. This deficiency in NPY signaling may be in-
volved in regulation of the anxiety-like and drinking behaviors.
[117].

Recent studies have shown an association with the NPY2R and
NPY5R receptor genes and alcohol withdrawal. Therefore, it is
plausible that individuals with these particular receptor genes expe-
rience alcohol withdrawal differently than those without those
genes. Further research is needed to determine the importance of
these receptors and the specific role they play in alcohol with-
drawal.

Ghrelin

Ghrelin is a 28-amino acid gut peptide involved in food-seeking
behaviour, specifically stimulating appetite and food intake. Ghrelin
stimulates appetite by interacting with the hypothalamic arcuate
nuclei (ARC). The ARC is critical in controlling food and alcohol-
seeking behaviour. In addition to being concentrated in the ARC,
the ghrelin receptor, GHS-R, is also highly expressed in the so-
called reward system of the VTA, hippocampus, substantia nigra,
and dorsal and medial raphe nuclei. Interacting with this reward
system could be vital in understanding the role in the craving effect
of alcohol. Several animal studies show that antagonism of the
ghrelin system might represent an innovative way to treat AD [118-
121]. Human studies show a correlation between blood ghrelin
levels, alcohol drinking and alcohol craving [122]. Future research
might turn into new treatments targeting the ghrelin system [123],
but at present alcohol research on ghrelin is at an early stage.

Neurokinin Receptors

Substance P is a neurotransmitter involved in the stress re-
sponse, exerting mainly through the neurokinin-1 receptor (NK1R).
Preclinical studies with the genetic deletion or pharmacological
blockade of NK1R have shown to inhibit the behavioral responses
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to psychological stressors [124]. A study by George and colleagues
utilizing mice genetically-deficient in NK1R reported a significant
decrease in voluntary alcohol consumption and an increase in sensi-
tivity to the sedative effects of alcohol suggesting a possible role for
NK1R blockade in the treatment of AD [125]. Thorsell and col-
leagues replicated these findings in mice by a method of NK1R
antagonism suggesting a direct, rather than developmental role for
the NK1R receptor in alcohol intake [126]. In recently detoxified
alcoholic patients (n=50) enrolled in a DBPCRCT testing spontane-
ous alcohol craving, craving assessed in a human laboratory setting,
stress-related hormones (i.e. cortisol) and brain responses (i.e.
fMRI), a NK antagonist (LY686017) showed beneficial effects of
LY686017, as compared to placebo [125]. Finally, a recent study
with 271 alcoholics and 337 healthy controls found that specific
polymorphisms of the NK1R were significantly associated with the
development of AD [127].

PERSONALIZING PHARMACOTHERAPIES FOR AD

With only small effect sizes of the current approved medica-
tions for AD, there is not only a great need to find new therapies,
but also a need to delineate more optimally tailored treatment of
AD using currently approved therapies. Two current efforts of ty-
pology research and utilizing genetics for pharmacotherapy show
promise in personalizing AD treatment.

Typologies of AD

The goal of typology research is to gather fundamental patient
information in hopes of creating AD subtypes to better utilize
treatment for patients [128]. Attempts have been made, though none
have proven extremely effective or may be considered state-of-the-
art.

In 1960, Jellinek first distinguished between 5 subtypes of
drinking: alpha, beta, delta, gamma, and epsilon. The alpha subtype
shows no physical addiction, but use alcohol as a means to cope
with stress. Like the alpha type, the beta subtype shows no physical
addiction, but suffer from a severe alcohol related disease (e.g.
polyneuropathy, liver cirrhoses, gastritis). The delta and gamma
subtype distinguished by Jellinek were the only two of his five clus-
ters that would carry a diagnosis of AD. The gamma subtype repre-
sents the drinkers who are able to abstain, but suffer from a loss of
control once they consume alcohol whereas the delta includes these
characteristics, but also has an inability to abstain from drinking.
Epsilon subtype is defined by dipsomania, an uncontrollable crav-
ing for alcohol [129].

Building upon Jellinek’s typology some researchers have cre-
ated a binary typology like the Cloninger and Babor whereas,
Lesch, Windle and Scheidt favored a multifactor typology, as de-
tailed next.

Opting for a personality-based typology, Cloninger and col-
leagues created a dichotomous typology of Type | and Il for AD.
Type | alcoholics are characterized by self-medicators and gener-
ally respond better to treatment. These alcoholics have the ability to
at least temporarily abstain from drinking, whereas Type Il alcohol-
ics are exclusively male and suffer from the inability to abstain and
often drink for pleasure. They are thought to inherit the disease
from their father [130]. Using a cluster analysis of 321 AD indi-
viduals, Babor and colleagues created 17 factors that included per-
sonality trains, psychiatric disorders, severity of AD, family history,
and consequences of alcohol consumption. Babor then created a
two-cluster solution of Type A and Type B alcoholics [131].

Overlapping between the Babor and Cloninger typologies, a
simpler classification of age of onset of AD was formed: EOA and
LOA [132]. As reported earlier in this review, EOA and LOA clas-
sification has proved useful in studies with serotonergic medica-
tions.

Edwards et al.

A more recent cluster analysis by Windle and Scheidt [133]
suggests a four-factor classification model. The four alcoholic sub-
types include mild course, polydrug, negative affect and chronic
antisocial behavior. The mild course subtype is characterized by
LOA, fewer years of drinking and childhood conduct problems,
lower levels of consumption, impairment and withdrawal symp-
toms. The polydrug subtype is characterized by the highest poly-
drug use. The negative affect subtype is comprised of AD individu-
als with the highest number of major depressive disorder and gen-
eralized disorder symptoms. The chronic antisocial subtype is char-
acterized by the highest levels of consumption, the most years of
drinking and the highest levels of adult antisocial behavior [133].

Another four subtype model was created in Europe by Lesch
and colleagues. Types I, 11, 11, IV were created after a 5 year fol-
low-up study of 444 AD patients where physiological, clinical, and
behavioral characteristics were collected. Lesch Type | alcoholics
are characterized by individuals who suffer from a severe alcohol
withdrawal syndrome and tend to use alcohol to prevent or weaken
withdrawal symptoms. Lesch Type Il is comprised of individuals
who drink alcohol as a means of self-medication due to the sedative
effect of alcohol and exhibit extensive behavioral changes when
under the influence of alcohol. Lesch Type Ill is characterized by
the use of alcohol as anti-depressant. Individuals with pre-morbid
cerebral defects, behavioral disorders, and high social burdens be-
fore the age of 14 characterize Lesch Type 1V [134].

In summary, it is unclear if there will be a dominant alcohol
subtype theory; however, current typologies have shown to be
compatible with research findings. As noted, serotonergic medica-
tions have been shown to only be effective within a certain subtype
[78,84] and even harmful [85] in some cases. With additional re-
search, it is hoped to delineate specific subtypes in hopes of better
targeting treatments for AD patients.

Genetically Targeted Pharmacotherapy

As reviewed by Kranzler and Edenberg [135], the convergence
of research in AD treatment and genetics of AD is leading to the
possibility of matching patients with certain treatments. For exam-
ple, naltrexone is a modestly effective treatment for AD, although
ineffective for certain AD individuals. Recent studies have sought
to fully understand the role that certain opioid receptor genes play.
For example, patients genotyped at the A(+118)G (Asn40Asp) who
were taking naltrexone (compared to placebo) and had either one or
two Asp40 alleles, were significantly less likely to return to heavy
drinking and had significantly lower rates of relapse than patients
with Asn40 homozygotes [35]. The COMBINE study also found a
positive moderating effect on the Asp40 allele in reducing the per-
centage of heavy drinking days [36]. In regard to dopaminergic
genes, a number of studies have focused on the variation of in the
DRD4, which encodes the D4 DA receptor [136]. The L allele of
DRD4 has been associated with craving or drinking alcohol in some
studies [137-140], but other studies found no association [141,142].

CONCLUSION

While only moderately effective, there are only a few medica-
tions approved for the treatment of AD, and as reviewed here there
are many new promising medications and potential research target
areas. In addition, pharmacogenetic and typology research show
promise in personalizing AD treatment for patients.

However, it is unlikely there will ever be one medication that
‘cures’ AD, therefore we need to continue our efforts in identifying
pharmacotherapies that can be the best fit for a specific patient.
Moreover, we need to continue investigating the role the psychoso-
cial environment plays in combination with pharmacotherapy.
Pharmacotherapy for AD should be considered an adjunct therapy
to psychosocial interventions, and this combinational therapy
should best address the high relapse rates of AD.
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