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Developing pharmacotherapies to treat alcohol dependence and associated health problems
traditionally has been based on gaining a better understanding of the neuroscience underlying alcohol-
drinking behavior. To date, three medications have been approved for the treatment of alcohol
dependence: disulfiram (Antabuse®), naltrexone (Revia®, Vivitrol®, and Naltrel®), and acamprosate
(Campral®). However, these medications have modest efficacy, and there is a great need for newer
medications that target different neurochemical systems and which could be used either as adjunctive
treatments or to treat subpopulations of drinkers. Furthermore, it also is important to improve current
treatment options by understanding and incorporating differences in how people with certain genes
respond to medication (i.e., pharmacogenetic differences). Kev worps: Alcoholism; alcohol and other drug
dependence; treatment; neurochemical systems; neuropharmacology; drug therapy; pharmacotherapy;
disulfiram; naltrexone; acamprosate; selective serotonin reuptake inhibitors (SSRIs); topiramate; ondansetron;
baclofen; antipsychotics; animal models; human studies

lcohol dependence and its asso-
Aciated health problems are the

third leading cause of morbidity
and mortality in the United States.
Alcohol dependence is a chronic relaps-
ing disorder and is optimally treated
using a combination of psychosocial
and pharmacological treacments. Most
of the work on medication development
to date has focused on four primary
areas: treating withdrawal symptoms,
reducing consumption of and craving
for alcohol, preventing relapse, and
treating associated psychiatric problems.
Discussion of the treatment of with-
drawal from alcohol, which involves a
combination of pharmacologic therapy
and nutritional and psychosocial support,
is beyond the scope of this review. This
article focuses on therapeutic agents
that reduce alcohol drinking and crav-
ing and prevent relapse. These agents
were developed using animal models—
or a translational approach to under-
standing the mechanisms of how
alcoholism arises and persists from a

molecular, neurochemical, and behav-
ioral perspective. Importantly, animal
models that assess a wide range of alcohol-
related behaviors, including drinking,
dependence, craving, and relapse, have
provided an essential foundation for
much of this translational research (see
reviews by Egli 2005; Lovinger and
Crabbe 2005).

Alcohol-drinking behavior is medi-
ated through complex interactions
between mechanisms underlying the
reinforcing effects of alcohol. Moreover,
the positive reinforcing effects of alcohol
are mediated through complex inter-
actions between multiple neurochemical
systems. These systems target the
cortico-mesolimbic dopaminergic
pathway,! which extends from the
ventral tegmental area to the nucleus
accumbens and has been shown to be
important in the rewarding effects of
many drugs, including alcohol. This
pathway is indirectly activated by
alcohol through the release of other
neurotransmitters, including opioids,

serotonin, glutamate, y-aminobutyric
acid (GABA), and acetylcholine.
Following chronic use of alcohol,
many of these same neurochemical
systems undergo adaptations and
attempt to achieve homeostasis when
alcohol is withdrawn, which then leads
to alcohol withdrawal symptoms and
consumption of alcohol for negative
reinforcement, or avoidance of with-
drawal. Most medications in use or
in development for alcoholism treat-
ment act on these neurotransmitter
systems (see figure) and, in many
instances, are focused on normalizing
the alcohol-specific neuroadaptations

1 Definitions of this and other technical terms can be
found in the Glossary, pp. 345-347.
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or blocking alcohol-specific reinforce-
ment. Recent efforts to develop new
medications have focused on nonspe-
cific neural mechanisms mediating
alcohol drinking, such as stress and
motivation/self-control.

Three drugs currently are approved
by the U.S. Food and Drug Adminis-
tration (FDA) for the treatment of
alcoholism: disulfiram (Antabuse®),
naltrexone (Revia,® Vivitrol,® and
Naltrel®), and acamprosate (Campral®).
The following sections will describe
each of these agents, including their
efficacy and the neuroscience under-
lying treatment response. The article
also will discuss other agents that have
shown some promise in reducing
drinking and finally present prelimi-
nary evidence from some exciting
investigational agents that still are
under evaluation.

FDA-APPROVED TREATMENTS
FOR ALCOHOLISM

Disulfiram

Disulfiram has been in use for the
treatment of alcoholism since the
1940s. This medication produces an
aversive effect by disrupting alcohol
metabolism. When alcohol is consumed,
it is converted to acetaldehyde, which
is further broken down by aldehyde
dehydrogenase. Disulfiram inhibits
aldehyde dehydrogenase, which leads
to an excessive buildup of acetaldehyde
and results in many unpleasant effects,
including lowered blood pressure, pal-
pitations, nausea, vomiting, headache,
and difficult breathing. Anticipation of
these aversive effects can be used to dis-
courage drinking.

Although the proposed mechanism
of action of disulfiram on alcohol use
has been thought to be primarily
related to the inhibition of liver alde-
hyde dehydrogenase, its efficacy also
could be related to secondary central
nervous system actions, through
modulation of catecholamine neuro-
transmission. Specifically, at clinical
doses, disulfiram inhibits the enzyme
dopamine—fB-hydroxylase, which
converts dopamine to norepinephrine,

potentially leading to increases in
dopamine levels (Goldstein and
Nakajima 1967; Goldstein et al. 1964).
Clinical trials with disulfiram have
found lower rates of relapse to drink-
ing in those who are compliant with
the medication (Fuller et al. 1986).
However, because of the aversive nature
of this therapy, noncompliance is one
of the biggest problems with its use.
The use of this medication is supervised
in many clinical settings. Additionally,
side effects including hepatotoxicity,
depression, and psychotic reactions
limit the use of this medication.
Preliminary evidence suggests that
disulfiram may have some benefit in
reducing alcohol craving and increasing
consecutive days of abstinence among
alcoholics with comorbid psychiatric
disorders (Petrakis et al. 2005) and
in reducing cocaine and alcohol use
among cocaine users (Carroll et al.
1998). Thus, disulfiram may have
particular value in patients who abuse
alcohol in the context of depression
or polysubstance abuse.

Naltrexone

Naltrexone is available as an oral medi-
cation (Revia®) and in two injectable
forms (Vivitrol® and Naltrel®). Its pri-
mary use is for the treatment of alcohol
dependence, and it is well tolerated
with primarily gastrointestinal side
effects (O’Malley et al. 1992; Volpicelli
etal. 1992). Naltrexone’s efficacy in
reducing alcohol drinking is believed
to be mediated through interactions
between the endogenous opioid system
and dopamine systems, specifically
through antagonism of the u—opioid
receptors. Evidence from animal models
indicates that alcohol increases release
of f—endorphins in regions of the
brain known to be involved in alcohol
reward and that naltrexone administra-
tion blocks this release (Marinelli et al.
2003; Zalewska-Kaszubska et al. 20006).
Moreover, naltrexone and similar opi-
oid antagonists have been shown to
reduce drinking in a variety of animal
models (e.g., see reviews by Froehlich
et al. 2003; Swift 2000). Clinical trials
indicate that treatment-seeking drinkers
who receive naltrexone at a dose of 50
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mg/day in combination with a behavioral
intervention have lower levels of relapse
to drinking during the treatment
period. This effect of naltrexone may
be related to a reduction in alcohol
craving (e.g., O’Malley et al. 2002).

It is important to note, however,
that not all clinical trials conducted
with naltrexone over the past decade
have observed significant improvements
in drinking-treatment outcomes
(e.g., Krystal et al. 2001). Two recent
meta-analytical reports (Bouza et al.
2004; Srisurapanont and Jarusuraisin
2002) suggest that naltrexone has
modest efficacy in preventing relapse
to drinking. Moreover, although nal-
trexone is relatively well tolerated, the
potential risk of hepatotoxicity at high
doses requires caution when treating
patients with liver disease. Moreover,
because it is an opiate antagonist, it is
contraindicated in alcoholics who
also use opiates.

A more recent multisite trial (Anton
et al. 2006) that used a higher dose
of naltrexone (100 mg/day) with
medical management to enhance
compliance found that this treatment
significantly reduced alcohol use,
although the effect size was small.
The efficacy of naltrexone was stronger
in patients who did not receive cog-
nitive-behavioral therapy in addition
to medical management (Anton et al.
2006). A newer, extended-release for-
mula of naltrexone has shown similar
efficacy. In a 6-month trial, rates of
heavy drinking were significantly
lower in patients receiving a 380-mg
dose, with a greater effect observed in
those who achieved abstinence prior
to initiating treatment (Garbutt et al.
2005). This injectable long-acting
formula appears to produce more stable
blood levels than the oral medication
(i.e., it reduces peak levels that might
be associated with side effects and
elevates trough levels, which should
improve efficacy).

One hypothesis that might recon-
cile the modest efficacy of naltrexone
in large clinical trials with the more
robust findings in some smaller single-
site studies would be if there was a
subpopulation of alcohol-dependent

patients who were naltrexone responsive
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among a larger population of naltrex-
one-nonresponsive patients (e.g., see
Gueorgueiva et al. 2007). Subpopula-
tions, may be defined, for example, by
genetic approaches. Specifically, alco-
holics with a family history of alco-
holism appear to have greater reduc-
tions in alcohol consumption with
naltrexone compared with those who
have no family history of alcoholism
(Krishnan-Sarin et al. 2007). In addi-
tion, people with a variant of the
gene for the pu-opioid receptor where
naltrexone produces its effects (i.c.,
the OPRM1I gene) respond better to
naltrexone treatment in some trials
(Anton et al. 2008; Oslin et al. 2003)
but not in others (Gelernter et al.
2007). Although it still is unclear
whether this genotypic difference
reflects a type of patient or is related
to the reaction to naltrexone, these
kinds of studies raise the issue of
treatment matching by genetic back-
ground. For example, it is possible
that some patients may need low
doses of naltrexone because of relative
intolerance or side effects, whereas
others may need higher doses to
achieve clinical efficacy.

Acamprosate

Acamprosate is available in an oral,
delayed-release formula called Campral®.
Researchers have proposed that acam-
prosate’s actions may be mediated
through antagonism of the N-methyl
D-aspartate (NMDA) glutamate recep-
tor site or via modulation of glutamate
neurotransmission at metabotropic-5-
glutamate receptors (De Witte et al.
2005; Harris et al. 2002). Acamprosate
has been shown to reduce neuronal
hyperexcitability during withdrawal
from alcohol (Spanagel et al. 1996),
possibly because of reductions in gluta-
mate levels (Dahchour et al. 1998), which
may help to normalize the balance
between excitatory and inhibitory path-
ways produced by chronic alcohol use
(Littleton and Zieglgansberger 2003).
However, recent findings (Reilly et al.
2008) suggest that these hypothesized
mechanisms of action are not evidenced
in the therapeutic dose range that nor-
mally is used to reduce alcohol use.

Nevertheless, acamprosate reduces
both alcohol use in animal models
(e.g., Czachowski et al. 2001) and
responses to alcohol cues in alcohol-
dependent animals (Spanagel et al.
1996). Acamprosate’s efficacy in reduc-
ing alcohol use in alcohol-dependent
drinkers was first established in Europe
through multiple randomized con-
trolled trials. A meta-analysis (Mann
et al. 2004) of 17 of these studies
found a modest, but significant, benefit
for acamprosate in improving contin-
uous abstinence from alcohol at 6
months. More recent evidence (Kranzler
and Gage 2008) using combined data
from three pivotal European trials
replicated these findings and found
that rates of complete abstinence as
well as percent days abstinent and
time to first drink all were signifi-
cantly greater with acamprosate treat-
ment. Acamprosate is well tolerated,
with patients reporting only minimal
side effects, primarily gastrointestinal,
in most clinical trials. Finally, because
acamprosate has been shown to

reduce alcohol withdrawal in animals,
it also may have some benefit as an
adjunctive treatment in alcohol
detoxification.

In contrast to the European findings,
the intent-to-treat analyses from two
multisite studies conducted in the
United States indicate no benefit for
acamprosate when compared with
placebo in reducing alcohol use in
treatment-secking alcoholics (Anton
et al. 2006; Mason et al. 2006). The
reason for these discrepancies between
the U.S. and European trials still is
unclear, but it has been proposed that
the higher level of psychosocial inter-
vention provided by the U.S. trials
may have masked the efficacy of acam-
prosate or that fewer heavily depen-
dent patients were enrolled in the U.S.
studies. Moreover, one of the trials
(Mason et al. 2006) also observed that
patients with a treatment goal of absti-
nence, who were medication compli-
ant, were observed to significantly
benefit from the use of acamprosate.
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Figure  Medications and their proposed sites of action on the neural pathways
that have been shown to mediate alcohol reinforcement. CB1 = cannabi-
noid-1, CRF = corticotrophin-releasing factor, GABA = y-aminobutyric
acid, NA = nucleus accumbens, NK1 = neurokinin 1, VTA = ventral
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Finally, it also is possible that these
discrepancies may be mediated by
genetic differences in the populations
examined. For example, exciting
emerging evidence suggests that alcohol
effects are altered in mice carrying
various mutations of the glutamatergic
genes (see review by Gass and Olive
2008). If the effects of acamprosate
are indeed mediated through this
glutamatergic system, it would be
worth examining these genetic markers
as mediators of treatment response.
Finally, patient-specific treatment
matching also may enhance acam-
prosate’s efficacy. Evidence from a
pooled analyses of seven European
trials suggests that alcoholics with
increased levels of anxiety, negative
family history, and late age of onset
of alcoholism, as well as those who
are women, may benefit from this
medication (Verheul et al. 2005).

OTHER PROMISING
MEDICATIONS WITH
SoME CLINICAL EVIDENCE
OF EFFICACY

Although the agents reviewed in this
section are not FDA approved for
treating alcoholism, they show promise
for this purpose.

Topiramate

Topiramate, an antiseizure medication,
has shown efficacy in reducing alcohol
use in recent clinical trials. Topiramate’s
actions have been associated with
antagonism of a-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid (AMPA)
and kainate glutamate receptors as well
as inhibition of extrasynaptic GABA,
receptors, L-type calcium channels,
and voltage-dependent sodium channels.
In animal models, topiramate has been
shown to reduce alcohol use (Nguyen
et al. 2007) and alcohol withdrawal-
induced convulsions (Farook et al. 2007).
Clinical trials with topiramate in
doses of 200 to 300 mg/day have been
shown to reduce the percentage of
heavy-drinking days (for review, see
Johnson et al. 2008). These studies
did not require abstinence prior to
initiation of topiramate but rather

investigated whether topiramate would
reduce the frequency of heavy drink-
ing and increase abstinent days over
time. Consistent with this approach,
recent evidence also suggests that topi-
ramate is more effective than placebo,
and is not distinguishable from
diazepam, when used for the treatment
of alcohol withdrawal symptoms
(Krupitsky et al. 2007). One potential
limitation of topiramate is its side
effect profile, which includes numbness,
anorexia, cognitive difficulty, and
taste distortion, as well as some rare
incidents of visual side effects includ-
ing myopia, glaucoma, and increased
intraocular pressure. Most human
clinical trials to date have used a slow
titration over several weeks to the
desired dose in order to reduce the
incidence of side effects.

Selective Serotonin Reuptake
Inhibitors

The use of selective serotonin reuptake
inhibitors (SSRIs) in the treatment of
alcohol drinking is based on an exten-
sive preclinical literature which shows
that lowering brain serotonin levels
decreases preference for alcohol (Myers
and Veale 1968) and that SSRIs suppress
alcohol consumption (e.g., Gulley et al.
1995). These preclinical results have
led to a number of clinical trials on

the use of SSRIs for treating alcohol
use. However, the results of these trials,
which have been conducted with medi-
cations such as fluoxetine, citalopram,
and sertraline, are inconclusive (e.g.,
Gorelick and Paredes 1992; Kranzler
etal. 1995; Naranjo et al. 1995) and
do not support the use of SSRIs for
treatment of alcohol use. Considering
the efficacy of SSRIs in the treatment
of depression, few clinical trials also
have examined the udility of these agents
in reducing alcohol use in depressed
alcoholics. Evidence from such trials is
inconsistent, however (Cornelius et al.
1997; Kranzler et al. 2006).

It is important to point out that
the efficacy of these agents in reducing
alcohol use may be genetically medi-
ated. Specifically, it has been observed
that type A or late-onset alcoholics may
benefit more from the use of SSRIs
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than type B or early-onset alcoholics
(Kranzler et al. 1996; Pettinati et al.
2000). These results suggest that the
utility of SSRIs for the treatment of
alcohol dependence could be improved
by treatment matching.

Ondansetron

The use of the serotonin-3 (or 5-HT5)
receptor antagonist ondansetron, an
antinausea medication, in the treat-
ment of alcohol use also emerges from
extensive preclinical literature which
suggests that alcohol exerts effects
through the 5-HTj receptors in the
brain and that these receptors may
mediate the reinforcing effects of alco-
hol (see review by Barnes and Sharp
1999). Human laboratory studies
(Johnson et al. 1993; Swift et al. 1996)
have found that ondansetron decreases
alcohol preference and desire to drink.
Clinical trials of this medication have
shown efficacy in reducing drinking
behavior, especially in drinkers with
early-onset (type B) alcoholism (Johnson
et al. 2000; Kranzler et al. 2003).
Interestingly, serotonin agonists also
have been shown to have alcohol-like
effects in people with early- onset alco-
holism. Taken together, these findings
raise the possibility that the efficacy of
5-HTj; agents may be mediated by
pharmacogenetic differences.

Baclofen

Baclofen, a GABAj receptor agonist
used clinically for the treatment of
muscle spasticity, has been shown in
preclinical trials to decrease alcohol
intake (Colombo et al. 2004). Results
from two small clinical trials (Addolorato
et al. 2002; Flannery et al. 2004) indi-
cate that when this medication is used
in a dose of up to 30 mg/day, it has
minimal side effects and improves
drinking outcomes. A more recent clinical
trial (Addorolato et al. 2007) in alcohol-
dependent patients with cirrhosis sug-
gests that this agent is well tolerated
and has some efficacy in improving
abstinence rates. More clinical research
with this promising agent is needed to
establish its efficacy and tolerability in
alcohol drinkers.
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Atypical Neuroleptics

Atypical antipsychotics such as aripi-
prazole and quetiapine act on the
dopaminergic and serotonergic systems
and have unique binding profiles.
Specifically, they antagonize the D,
dopaminergic receptor under hyper-
dopaminergic conditions and act as
agonists at the same receptor under
hypodopaminergic conditions. The
unique binding profile of these agents
increases their tolerability when compared
with pure D, receptor antagonists like
haloperidol. Because the dopaminergic
system is involved in alcohol’s reinforcing
effects, agents that act on this system
should have some efficacy in reducing
alcohol’s subjective effects.

Aripiprazole has been shown in
preclinical studies to reduce alcohol
drinking (Ingman et al. 20006), but
the evidence supporting the clinical
efficacy of this agent is inconclusive.
This drug has a complicated pharma-
cology that may distinguish it from
other currently available antipsychotic
medications. In particular, it is an
antagonist at 5-HT receptors, a low-
activity (antagonist-like) partial agonist
at dopamine D, and serotonin 5-HT),,
and 5-HT; receptors, and a high-activity
partial agonist (agonist-like) at dopamine
D;, Dy, 5-HT 5, and 5-HT) receptors
(Shapiro et al. 2003). The use of this
agent in a double-blind, placebo-
controlled trial, at a maximal dose of
30 mg/day (titrated up from 2 mg/day),
resulted in a high rate of side effects,
dropouts, and no improvement in
alcohol outcomes (Anton et al. 2008).
In contrast, in a human laboratory
study in which this medication was
used in a lower dose of 2.5 to 10
mg/day, it was relatively well tolerated
and reduced alcohol’s subjective effects
(Kranzler et al. 2008).

There is slighty more clinical evidence
supporting the use of quetiapine for
alcoholism treatment. Two small
placebo-controlled clinical trials with
quetiapine suggest that this agent
increases rates of abstinence in treatment-
seeking alcoholics and that it might
be especially useful in those with
early-onset and more severe alcoholism

(Kampman et al. 2007; Monnelly et
al. 2004).

NEw DIRECTIONS AND
INVESTIGATIONAL AGENTS

The agents reviewed below currently
are under investigation and represent
new directions for treating alcohol use.
Unlike those reviewed above, the fol-
lowing agents have no clinical evidence
of efficacy for treating alcoholism.

CB-1 Receptor Antagonists

The endogenous cannabinoid system
recently has been shown to have a role
in alcohol’s reinforcing effects, possibly
via interaction with the mesolimbic
dopaminergic system. Specifically, alcohol
intake has been observed to increase
levels of endogenous cannabinoids like
anandaminde and 2-arachidonylglyc-
erol and to downregulate cannabinoid-
1 (CB-1) receptors. Preclinical studies
indicate that CB-1 receptor antagonists
reduce alcohol drinking (Dyr et al. 2008)
and that mice which lack the CB-1
receptor consume less alcohol (Colombo
et al. 2002) and have increased alcohol
sensitivity and withdrawal (Naassila

et al. 2004). A recently completed
placebo-controlled, double-blind trial
with the CB-1 antagonist rimonabant
(Soyka et al. 2008), at a dose of 20
mg/day, found that the drug was well
tolerated with minimal side effects but
that there was no observable improve-
ment in alcohol treatment outcomes.
In addition, this medication was found
to increase thoughts of suicide in
smokers, which may limit its use for
the treatment of alcohol dependence.

Nicotinic Agonist, Partial Agonists,
and Antagonists

Preclinical evidence suggests that nicotinic
receptors may be involved in alcohol
reinforcement, self-administration (Lé
et al. 2003), and mediating alcohol
cues (Lof et al. 2007). Based on this
evidence, researchers have investigated
the influence of nicotinic agonists (e.g.,
nicotine patch) (Acheson et al. 2006;
McKee et al. 2008), partial agonists (e.g;,
varenicline [Chantix®]) (Steensland

et al. 2007), and antagonists (mecamyl-
amine) (Blomqvist et al. 2002; Chi and
de Wit 2003) on alcohol effects and
alcohol consumption. These research
findings suggest that all three classes of
agents may show promise. There is con-
siderable interest in the potential use of
varenicline, a partial agonist at the 0yf3,
nicotinic receptor and a full agonist at
the o, receptor that is approved by the
FDA for smoking cessation treatment.
Although this medication has been
found to be relatively well tolerated for
smoking cessation, recent FDA alerts
indicate that it may produce increased
suicidal ideation, suicidal behavior, and
drowsiness. The potential use of this agent
for the treatment of alcohol use stems
from evidence suggesting that varenicline
reduces alcohol drinking in rodent mod-
els (Steensland et al. 2007). Clinical trials
and human laboratory studies of this
agent for alcohol drinking are underway,
but results are not yet available.

CRF Antagonists

Corticotrophin-releasing factor (CRF)
is a neuropeptide that has been shown
to play an integral role in mediating
stress responses. The link between stress
and alcohol consumption has been
widely studied. Stress increases alcohol
use and is a significant trigger in relapse
to drinking (see review by Sinha 2007).
Preclinical studies suggest that CRF may
be involved in alcohol self-administration
during withdrawal (Valdez et al. 2002)
and that CRF antagonists block alcohol
withdrawal-induced anxiety (Baldwin
et al. 1991). Moreover, levels of CRF1
receptors in dependent animals are
increased following alcohol withdrawal,
and CRF1 antagonists have been shown
to reduce alcohol self-administration

(for a review, see Heilig and Koob 2007).
All the above evidence suggests that the
CREF system may be implicated in stress-
induced relapse to alcohol drinking and
that CRF antagonists may be effective in
treating alcohol use. However, few agents
that target this system are available for
human use, and the utility of existing
antagonists has been questioned by
recent evidence suggesting that they are
not effective in the treatment of depres-
sion (Binneman et al. 2008).
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Neurokinin 1 Antagonists

Substance P, a neurotransmitter from
the tachykinin family of neuropeptide
receptors that is released in response to
stress, preferentially binds to the neu-
rokinin 1 (NK1) receptors. Because
alcohol consumption has been shown
to reduce stress, recent studies have
focused on examining the relationship
between alcohol use and the substance
P system. Researchers found reduced
levels of substance P in rats that prefer-
entially consume alcohol (Slawecki et
al. 2001). Mice that lack the NK1
receptor have been found to consume
lower quantities of alcohol compared
with control animals, and in a human
laboratory model, an antagonist of
neurokinin 1, LY686017, was found
to reduce spontaneous as well as stress-
and alcohol-cue-induced craving for
alcohol in alcohol-dependent individu-
als (George et al. 2008). Clinical trials
of agents that target this system are not
yet available.

SUMMARY

Alcohol has a complex neuropharmacol-
ogy and can affect many different brain
neurotransmitter systems. Several phar-
macological agents that interact with
specific neurotransmitter systems affected
by alcohol already have shown efficacy
in the treatment of alcohol dependence
and many exciting investigational
agents are on the horizon. The devel-
opment of these agents has been based
on translational approaches ranging
from the use of molecular techniques
to understand alcohol neurobiology
and identify candidate molecules, to
the use of numerous animal models of
alcohol-related behaviors to test the use
and mechanisms of action underlying
these agents, and finally the use of
human clinical trials and laboratory
paradigms to evaluate the efficacy of
these agents. The figure provides an
overview of the medications discussed
in this review and their proposed sites
of action on the neural pathways that
have been shown to mediate alcohol
reinforcement.

Understanding the neuroscience
underlying alcohol reinforcement

has served as the foundation for the
development of these medications.
Future research needs to focus on val-
idating the effects of existing agents
and examining genetic and patient-
specific predictors of treatment
response. Developing a better under-
standing of the pharmacogenetics of
treatment response could lead to
appropriate treatment matching and
efficient utilization of existing treatment
resources and medications. Future
studies also need to extend these find-
ings to subpopulations of alcoholics,
such as those with comorbid psychi-
atric conditions. Although preliminary
evidence seems to indicate beneficial
effects of specific medications for
such subgroups, this evidence should
be replicated and further understood.
Finally, because only modest efficacy
has been observed with most existing
agents and genetic studies clearly
indicate that alcoholism has multiple
genetic profiles, future clinical trials
should consider adaptive designs in
which nonresponders to one pharma-
cotherapy are either switched to or
augmented with an alternative phar-
macotherapy that targets a different
neurotransmitter system.
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