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Preface

Alcoholism is a pathological behavioural syndrome, characterised by compul-
sive alcohol use, craving and relapses, even recurring after many years of
abstinence. It is suggested that chronic alcohol abuse leads to persistent
changes within several neurochemical pathways in the brain and furthermore
that an imprinted drug and addiction memory may scarcely be extinguished.
Hence, the question arises as to whether there ought to be a reasonable hope
that pharmacological drugs will be developed that interfere with an addiction
memory, and as a result, finally lead to a cure?

In this book, leading preclinical and clinical experts in the field of alcohol
relapse prevention strive to furnish an answer to this question. None of the
researchers or clinicians believes in a magic bullet that will be of help to all
alcoholic patients in overcoming this disease. However, there is now convinc-
ing evidence demonstrating that specific subpopulations of alcoholic patients
experience satisfactory benefit from currently available treatments. Today we
have two medications for relapse prevention on the market – acamprosate and
naltrexone. Although, currently, only a minority of alcoholic patients benefit
from these medications, the approval of these compounds may be considered
a hallmark in the field of psychopharmacology, even comparable to the era
when the first antidepressant compounds were introduced.

In recent years we have been witnessing an enormous growth in the science
and knowledge regarding the field of relapse prevention. The combination of
elaborated animal models, molecular and genetic approaches along with clin-
ical studies, have revealed novel drug targets as well as more effective phar-
macological treatments. In contrast to developments in other areas of psychi-
atric diseases, convincing neurobiological concepts have evolved and there is
a better understanding of how alcohol affects our brain. A driving sociological
force behind these rapid developments has been a very serious need in our
society, demanding better treatments for alcoholic patients. With the advent of
alcoholism having publicly become accepted as a disease of the brain, many
stigmas associated with this behavioural syndrome were torn down. Thus,
patients are now more willing to accept the notion and the act of taking med-
ication, especially as there are already very promising pharmacotherapeutic
drugs on the horizon. However, the pharmaceutical industry is still reluctant to
conquer this enormous market, simply because their market analysis is per-
formed based on a profitable short-term run, thus misjudging the situation.

We hope that this work will help in speeding up the integration of anti-
relapse treatment therapies into our health-care systems. The book is divided
up into blocks of preclinical and clinical research, based on specific compound
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classes. In addition to the first generation of anti-relapse compounds such as
disulfiram, acamprosate and naltrexone, a new generation of anti-relapse com-
pounds is reviewed. In particular, compounds interacting with the serotonin,
dopamine, glutamate, GABA, cannabinoid and neuropeptide Y system are
illustrated. An excellent historical overview is provided, with methodological
aspects of how to assess craving and relapse in animals and humans being
described as well. Thus, the book ought to provide a basic knowledge for sci-
entists and clinicians who are curious about novel therapeutic concepts of alco-
holism and drug addiction in general.

We would like to thank all authors who contributed to this book. We thank
Daniel Bachteler, who rearranged most of the figures and worked out the
appendix on the chemical structures of the compounds cited in the book.
However, we would like to especially thank Tarek Zghoul for language and
content editing, in addition to formatting and streamlining the chapters.
Finally, we hope that this book may be of interest to a wide spectrum of sci-
entists, serving as a useful and interesting standard guide, for the present and
many years to come.

Rainer Spanagel
Karl Mann Mannheim, October 2004
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History of prevention of relapse

Griffith Edwards

National Addiction Centre, Institute of Psychiatry, 4 Windsor Walk, London SE5 8AF, UK

Why history?

A salient feature of the problem people encounter with alcohol is that a habit
of excessive drinking, once acquired, does not easily and permanently go
away. More often it is behaviour that comes and goes and comes again, with-
in any of a myriad patterns of intermittency. That is the destructive fact with
which the drinker lives, the serial frustration that their family endures, and
what the man or woman in the street recognizes as the face of alcoholism. The
attempt to deal with this fact suffuses clinical practice.

Relapse is thus at the heart of the problem with drink, and relapse preven-
tion the essence of the related therapeutic endeavour. And so it has been with
this drug for a long time. The phrase “relapse prevention” as today applied in
this field [1] has been in wide currency for only about a quarter of a century,
but it is the phrase that is new rather than the issue.

The purpose of this chapter is to identify key issues relating to relapse and
how to deal with it, which can be seen as running perseveratively across time.
It will look firstly at the history of the state’s efforts to prevent relapse by puni-
tive measures. Secondly, it will describe the attempt to deal with relapse
through moral persuasion. Under those two headings we will be exploring the
deep past of relapse prevention. We will then examine the complex history of
relapse as behaviour to be prevented by treatment. The intention is to use his-
tory to throw light on present dilemmas rather than any attempt being made at
in-depth historical analysis. The focus will be on the English language litera-
ture with ready acknowledgement that many other European countries have
over the centuries made important contributions to ideas on the prevention of
relapse.

Punishment as the earliest form of relapse prevention

Long before relapse prevention became the business of the clinic, the state, or
at parish level the local community, had to deal with the public order problem
set by drunkenness and the unfortunate repetitiveness of that habit among
some citizens. Over the centuries and across different cultures one can find
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ordinances, which decreed more or less dire punishment for the person who
got publicly drunk, and repeated offences often met with an escalating scale of
consequences. Lewin [2] provided an example of that kind of formula: -

“In France, in the reign of François I, an edict of the year 1536 stipulat-
ed that anyone who appeared in public in a state of intoxication should
on the first occasion be imprisoned on bread and water, on the second
chastised with birch and whip, and on the third publicly flogged. Should
further relapses occur the delinquent was to have an ear cut off and suf-
fer banishment.”

The idea of punishment as the appropriate way of dealing with and deter-
ring drunken recidivism is thus ancient. But with the growth in drunkenness
that accompanied the industrial revolution, it was a policy instituted on a grand
scale. David Pitman, an American sociologist who made important contribu-
tions to researching the penal response to public drunkenness in America [3],
many years after François I wrote on this topic as follows [4]: -

“Historically in the United States, public intoxication has been viewed as
a crime in almost every legal jurisdiction. Some individuals have been
arrested 100–200 times and have served 10–20 years in jail on short-
term sentences. The recidivism rates clearly indicate the futility of the
present system in dealing with the underlying sociomedical problems
involved.”

Pitman estimated that there were at that time more than two million arrests
for drunkenness annually in the USA. The response to drunken recidivism
favoured by many countries was still punishment. Although the penalties had
become less draconian, the underlying assumption was identical: relapse pre-
vention was best to be accomplished by negative reinforcement. Faith in the
punitive formula was, however, in the 1960s beginning rather generally to
wane, with detoxification centres and diversion to treatment increasingly com-
ing to be viewed as the benign alternatives to court handling.

On the face of it, the assumption that drunken relapse can be deterred by
punishment is not unreasonable. Yet it is a postulate that sees little confirma-
tion from experience. Excessive drinking is generally not a behaviour easily
extinguished by negative reinforcement of a crude sort, although the impact on
drinking of a total field of environmental reinforcers cannot be doubted. The
sector of the drink problem where punishment is still widely seen as appropri-
ate and escalating punishment appropriate for recidivism, is drink driving [5].
There is research, which demonstrates the efficacy of drink-driving counter-
measures based on a statutory blood alcohol concentration, effective enforce-
ment of the law, and licence revocation. Many drink drivers are not alcohol-
dependent, and drink-driving legislation is effective in shaping the behaviour
of the population and in setting social norms.
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The community reinforcement model of treatment enshrines a postulate,
which is the obverse of ear trimming, and its efficacy does receive some
research confirmation [6]. Reward for avoidance of drinking can seemingly
make a more effective contribution to prevention of relapse than can punish-
ment for recidivism.

Looking at the parallel public responses to illicit drugs, faith in the contri-
bution which punishment can supposedly make to relapse prevention is not,
however, dead. Recently some American states have enacted legislation for
withdrawal of welfare rights as punishment for relapse into illicit drug taking.
Diversion of the arrestee into treatment may be coupled with return to penal
handling if there is relapse [7]. Whether or not these kinds of punitive respons-
es are effective in preventing return to use of cocaine or opiates is uncertain,
but one may suspect that punishment of the drinker or the drug taker has
always been as much determined by moral fervour and political expediency as
by concern with the operational evidence.

Salvation as prevention of drunken relapse

The clergy can be found preaching against the sin of drunkenness from early
times [8]. However, with the emergence in the 19th century of the Temperance
Movement, salvation of the drunkard became hands-on and a mass endeavour.
The movement had as its prime concern the prevention of drunkenness by per-
suading the population to give up drink, but the attempt to save the individual
drunkard from their sin was always part of the programme, especially so for
the Washingtonians [9]. The relation between the Church and Temperance was
complex and varied over time, but was generally close.

The Temperance literature demonstrates an acute awareness that drunken-
ness tends to be a relapsing condition. Relapse was to be prevented by bring-
ing the inebriate to God. Here is a case history of that kind of preventive pro-
gramme operating out in the streets [10].

“One day he was proceeding up one of the principal streets in Newark, in
the crooked way peculiar to drunken men. At some distance before him,
he saw a lady who was slowly coming toward him. When the lady got
quite near the drunken man turned out to the best of his ability to allow
her to pass by; but the lady, instead of passing him, put her hand on his
shoulder and asked, in a calm voice, “Where are you going my man?”
The man was thunderstruck, so to speak, for those were the very words
which policemen were accustomed to use when arresting him…Finally,
however, he managed to say “Dear lady, as near as I can reckon I am
going as fast as possible to his satanic majesty.” “And I” replied the lady
producing a New Testament, and laying one of her hands on it, “am
going, as near as I can reckon, to the Lord Jesus Christ. Don’t you want
to go along with me Brother?”…She led her companion to a temperance
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meeting. The man was conducted to a seat, and then was prayed for by
some of the ladies present. The prayers which were so earnestly uttered
that night by these women undoubtedly greatly impressed the man…A
few days after he was converted to Christ.”

Such a story will probably seem somewhat mawkish to the objectively mind-
ed modern professional, and today’s drunk will not be prayed over in the A and
E Department. And yet salvation was a well-articulated model of relapse pre-
vention. It saw the tendency to relapse as residing in the person, and the reme-
dy was only a holistic approach that brought about total change in that person’s
sense of being. Only that kind of life change could be expected to extirpate the
problem. Relapses could be dealt with by more prayer, but true conversion was
expected to result not in a transient amelioration of the drinking behaviour but
in permanent cure. The Temperance group, the church circle and new and sober
friendships, were on hand to provide the long-term after-care.

Temperance workers knew that reform could easily be followed by relapse,
and they were not unrealistic in their expectations. But there were plenty of
life-long reformed drunkards to give their testimony from the platform. A great
Temperance orator, John B. Gough, who was known in his time as “The
Temperance Apostle”, had a harrowing personal history of alcoholic debauch-
ery to give him credibility as a speaker [11].

The Temperance Movement thus created as a recognisable and popular
image the person who is likely today to be designated “the recovering alco-
holic”. The movement faded but reference to the importance of spirituality in
recovery lives on [12]. Whatever the researcher’s or professional’s personal
stance on formal religion, it can hardly be doubted that what the religious
approach can contribute to relapse prevention sets good questions. “Getting
really saved” is what P.E. Turner [13] deemed to be the heart of therapy, but
the kind of personal change-experience identified here is not limited to reli-
gious experience alone [14].

Treatment makes its entry as means to prevent the drunken relapse

Treatment when it arrived on this scene did not supplant punishment or salva-
tion as methods for curing relapse. It coexisted with these older remedies and
at times absorbed elements from them. But in the 18th and early 19th century,
doctors began to appear who claimed that drunkenness was a treatable medical
condition [15]. That was revolutionary thinking. These doctors defined the tar-
get condition as “drunkenness” and the differentiation between drunkenness
and dependence was at that time unknown.

Within the armamentarium of treatment there developed over time two main
elements. One was the psychological, culminating in the psychologically
based relapse prevention approaches as epitomised today in the formulations
offered by Marlatt and his colleagues [1]. The other was physical, with its
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fruition seen in the sorts of drug treatment that are the subject of this book. We
will consider each of these developments in turn. To an extent they mesh with
the contrasting underlying formulations as to the nature of the disorder as
learnt habit, or alternatively as disease of the brain.

Relapse prevention as a psychological undertaking

It was the concept of excessive drinking as learnt habit that, at the turn of the
18th–19th centuries, legitimised the presence of the medical doctor in this treat-
ment arena. A potent background influence was the ferment of ideas resulting
from the European enlightenment, with its emphasis on rationality [16].
Benjamin Rush [17] and Thomas Trotter [18] contributed to emerging views
on the nature of drunkenness and its appropriate treatment. Trotter’s thinking
on these matters was particularly well worked out and we will here concentrate
on the ideas elaborated in his 1804 “Essay on Drunkenness” [18].

Trotter asserted that intoxication was an event that lay within the mental
sphere, or as he put it “the habit of drunkenness is a disease of the mind”: the
word “disease” has to be understood as carrying a meaning close to “disorder”
rather than anything more specific. He said that it would be useless to treat the
physical complications of excessive drinking until “the evil genius of the habit
has been subdued”. Craving was a manifestation of the habit: -

“The cravings of appetite for the poisonous draft are to the intemperate
drinker as much the inclinations of nature for the time, as a draft of cold
water to a traveller panting of thirst in the desert.”

The “duty of treatment” was to break “the chain of habit” and the follow-
through from theoretical exposition to therapy was close, with the need to
identify relapse precipitants explicit. The case analysis should lead to identifi-
cation of “the particular cause, time and place of his love of the bottle” and
“something proposed that will effectually wean his affection from it”. The
word “relapse” was in Trotter’s vocabulary.

Trotter probably derived his theoretical ideas from David Hume, the
Edinburgh philosopher who was a powerful enlightenment thinker. There is in
Trotter’s writing a feeling of the radical break with all that had gone before.
The invitation was to understand the behaviour rather than bluntly punish or
preach against it. At or around that enlightened time the psychological treat-
ment of drinking problems, as we today know it, was born.

In the 19th century many writers showed the persistence of interest in devel-
opment of a psychological approach to treatment of the drinking habit [19],
although few if any of these authors matched Trotter’s clarity of vision. The
application in the 1950s of Pavlovian conditioning to the treatment of alcohol
dependence [20] represented a formal attempt to apply psychological theory to
treatment of the drink habit, but the theoretical analysis was not highly devel-

History of prevention of relapse 5



oped. But in the 1950s and against a background of the strong general emer-
gence of behaviour therapy as a theory-based treatment for psychological dis-
orders, reports began to be published on the application of learning theory to
the treatment of drinking problems [21–23].

Important further contributions to this field of thought were made by
Litman [24]. A book published in 1985 by Marlatt and Gordon [1], then
brought together work of a scope and quality to give relapse prevention both a
firm theoretical underpinning and an important place in the repertoire of rele-
vant treatments. Indeed, the phrase “relapse prevention” from 1985 onwards
for many people became synonymous with the ideas developed by Marlatt and
his colleagues. Several reviews have reached positive conclusions on the effec-
tiveness of this approach [25] although one review has reached more guarded
conclusions [26]. Relapse prevention as conceived by Marlatt today constitutes
a broad array of psychological treatments, but pharmacological approaches are
not in the listing [25].

Relapse prevention as physical treatment

The view became general among 19th century physicians that inebriety led to
exhaustion of the nerve cells, with this brain disorder then perpetuating the
problem [27]. The exhaustion could be relieved by abstinence, rest, and the
general provisions of a sanatorium regime. A number of physical treatments
could, however, be added to the interventions and were, by implication, agents
of relapse prevention.

Norman Kerr’s influential textbook on the treatment of “Inebriety or
Narcomania” was first published in 1888 [27]. He was in 1884 the inaugural
president of the society that later evolved into the present-day Society for the
Study of Addiction, and he was a founding editor of the journal which is today
published as Addiction [28].

Kerr provided a detailed critique of the then current physical treatments for
alcohol dependence. He insisted that inebriety was “a complex disease”, and
although not dismissive of the psychological components in treatment, he put
more emphasis on the physical treatments than Trotter had done. His was the
era of disease theories, and disease required somatic treatments. He warned
against nostrums and was dismissive of vegetarianism as a cure for inebriety.
Various tonics might however be beneficial, including “Gentian and dilute
nitro-hydrochloric acid with cardamoms”, and “orange and quinine” had a
place. Strychnine might cautiously be prescribed. There was a place for cod
liver oil as a specific “nerve food”. Kerr was dismissive of the then fashionable
Turkish bath as a 7-day cure – “Alas for the inebriate this is but an oriental
dream”.

Kerr’s faith in drug treatments to restore the health of his patients’ exhaust-
ed brain cells was in accord with the therapeutic beliefs of the period. Over the
following decades and with no availability of controlled trials, unbridled ther-
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apeutic enthusiasm led in this sector of practice to a variety of physical reme-
dies such as to constitute an “era of anything goes” [2].

The availability in the 1940s of disulfiram (antabuse) for the first time put
on offer a pharmacotherapy specifically directed at preventing alcoholic
relapse [29]. It is difficult to imagine a drug technology more sharply intend-
ed to sever Trotter’s “chain”: If the patient drank, after taking this drug, rather
than their experiencing the intended pleasure, they would sustain an unpleas-
ant toxic reaction. After 60 or so years of clinical experience, disulfiram as
relapse prevention technology does not, however, appear to have won wide-
spread acceptance. Toxic reactions can occur and compliance will be poor
unless dosing is supervised and some doctors will be uneasy about the ethi-
cality of risking, in the name of treatment, a potentially dangerous alcohol
disulfiram reaction [30].

In 1980 Robin Murray published in the lineal descendant of Kerr’s journal
a prescient editorial entitled “Why Are The Drug Companies so Disinterested
in Alcoholism?” [31]. Murray at the time argued,

“…there is no available drug which acts in a fundamental way to hinder
the development and progression of the alcohol dependence syn-
drome…Surely the time is now right for one or more of the pharmaceu-
tical companies to mount a major research programme aimed at devel-
oping drugs which interfere with the biochemical mechanisms involving
tolerance and dependence on alcohol.”

That editorial stimulated the convening in 1983 of an international confer-
ence at the Institute of Psychiatry, London, under the title “Pharmaceutical treat-
ments for alcoholism”. The Proceedings volume was published in 1984 [32].

The 1983 meeting and the publication that followed, represented an inten-
tional attempt by the academic community to provoke drug firm interest in the
treatment of drinking problems. Whether those moves had any tangible impact
is an open question. The first controlled report on the use of Acamprosate in
the treatment of alcoholic dependence appeared in 1985 [33], while the first
major reports on the use of Naltrexone for this purpose came in 1992 [34, 35].
The present volume speaks to the burgeoning of interest, which has since
occurred in alcohol-related pharmacotherapies, and in the study of underlying
brain mechanisms.

Alcoholics anonymous as agent of relapse prevention

Alcoholics Anonymous is a self-help group that traces its origin to an event in
1933 [36, 37]. A precariously sober stockbroker, “Bill W”, called on a recent-
ly relapsed surgeon, “Dr. Bob”, and helped him to pull out of a relapse and find
sobriety. It could be argued that AA from its inception has been an organisa-
tion dedicated to relapse prevention.
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How AA participation may achieve the relapse prevention aim was
described thus by Edwards [38]: -

“Many aspects of AA actively seem designed to teach the necessary cog-
nitive and coping skills for achievement and maintenance of the drink-
free life. Indeed, an AA meeting can sometimes seem almost to take on
the guise of a cognitive-behavioural workshop. Don’t get tired, don’t get
angry, learn to laugh at yourself, see the other person’s point of view.
Look out for the tricks your thinking can play on you, the planned
relapse, the planned excuses, the self-justifying resentment. Have some-
thing else to do, don’t get bored. Carry some chocolate. Count your
blessings. Don’t go to that party if you are going to find the temptation
to drink too great.”

AA defines abstinence as the cure. It is an organisation that not only seeks
to prevent relapse but has a capacity to deal with relapse and invites its mem-
bers to learn from the relapse experience. The programme contains within it a
spiritual element but the extent to which the individual member aligns with
that perspective is optional.

A recent monograph [39] gives an account of AA and other self-help or
mutual help groups operating internationally in the alcohol problems field. AA
and similar organisations point to the fact that relapse prevention is not a con-
cept which should be limited to what professionals do for or to their patients.
It is a concept which should also embrace what people do for themselves to
prevent relapse.

Conclusions and directions for the future

On the basis of this brief survey of the past, let us now identify some messages
for the future of the relapse prevention endeavour.

Relapse prevention is a useful concept. From the material laid out in this
chapter, it is clear that relapse prevention has been the intention of many types
of actor and activity, long before the phrase passed into present usage. To an
extent the modern phrasing is no more than a restatement of the old and evi-
dent truth – the business of treatment is to prevent and deal with relapse. The
phrase contains within it an invitation both to the laboratory scientist and the
research psychologist better to understand the mechanisms of relapse, and bet-
ter and more intelligently to interdict those mechanisms. “Relapse prevention”
is a phrase usefully to invite the focusing of minds even if it is really only treat-
ment in new wrappings.

Relapse prevention is a multidisciplinary endeavour. Powerful animal mod-
els can now assist the laboratory scientist who wishes to investigate pharma-
cological approaches to relapse prevention, and the new anti-craving drugs are
likely to have a significant impact on clinical practice. Psychological methods
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of relapse prevention have become increasingly sophisticated and broad-based
over recent years. In terms of effect size, maintenance of intended impact,
cost-effectiveness, treatment compliance, and ability to reach a satisfactory
percentage of the population in need, there are still many important unan-
swered research questions relating to the value of either pharmacological or
psychological approaches to relapse prevention. Rather than viewing these two
types of intervention as rivals, what should increasingly be built into theory,
research and practice, should be concepts that integrate brain science and psy-
chology.

Learning from other substances. Treatment of the use of illicit drugs and of
tobacco raises many of the same questions as occur with alcohol. There are,
for instance, similar histories to be traced out on competing models of under-
standing and the competition between physical and psychological approaches
to treatment. For present purposes let us note the potential fruitfulness of a
comparative historical analysis of the relapse prevention concept across sub-
stances, but we will not enter that territory. In both instances the same ques-
tions on how most effectively to combine drug and psychological treatments
to prevent relapse are being debated as in the alcohol sector.

Is the aim of relapse prevention inevitably total abstinence? Over much of
history, and whether punishment, preaching or treatment was the vogue, the
prescribed interventions have had abstinence as their goal. With the develop-
ment of modern psychological ideas on drinking as learnt habit, more flexible
approaches have developed with the therapy often aimed perhaps at the
unlearning of excess, rather than the learning of life-long abstinence [15].
There is no reason why pharmacotherapy should not similarly embrace this
more flexible goal. The appropriateness of different goals becomes here an
empirical research question.

One size is unlikely to fit all. History seems often to show the response to
the drinker as having been a matter of one size fits all. Every drunkard should
be beaten, every drunken sinner prayed over, every inebriate put into a Turkish
bath, all alcoholics given antabuse, all presenting clients enrolled in a psycho-
logical relapse prevention program. A lesson must surely be that the help given
to troubled drinkers has to be differentiated by personal need and circum-
stance. That awareness becomes increasingly important with the mounting evi-
dence on the clinical importance of co-morbidity [15].

Not forgetting the whole person. Much of the relevant history is a chronicle
of well-intentioned authorities doing things to people with drinking problems,
with the recipients conceived as passive objects. Punishment, preaching, drugs
and psychological treatments, they are sequential scenes in the one long play.
The lesson from history is that at the end of the day relapse prevention is, in
fact, about the individual’s personal choice made within a unique personal,
social and cultural context, and it is the outcome of what George Vaillant has
termed the “natural healing process” [40].
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How to measure relapse in animals

Rainer Spanagel
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J 5, 68159 Mannheim, Germany

Introduction

In this chapter, two animal models – the reinstatement model [1] and the alco-
hol deprivation effect model [2] – will be described in detail and the limitations
of these models in mimicking craving and relapse as observed in human alco-
holics will also be discussed. It would be careless, however, if other models
would not be considered to measure these phenomena. For example, the con-
ditioned place preference paradigm [3], second order schedules [4], or the
escalation paradigm [5] could easily be adapted for this purpose. Although
these and other paradigms are widely used in the drug abuse field to further our
understanding on craving and relapse, there has only been little effort to adapt
these paradigms to alcohol research. Moreover, the application of these mod-
els to alcohol research remains a difficult issue. Thus, alcohol administration
to rodents does not usually produce a conditioned place preference [3, 6].
However, some specific experimental conditions have been described in order
to obtain alcohol-induced conditioned place preference. One paradoxical
experimental condition is the use of DBA/2 mice [7]. They exhibit conditioned
place preference to alcohol, despite the fact that they avoid alcohol under free
drinking conditions. In contrast, C57BL6/J mice, which show a high prefer-
ence for alcohol in a two bottle free choice paradigm, exhibit conditioned
place aversion following alcohol treatment [7]. Therefore, alcohol-induced
conditioned place preference cannot be considered as a reliable and repro-
ducible measure of alcohol craving. It is desirable to see that preclinical
researchers put more effort into more elaborate animal models of alcohol crav-
ing and relapse in the future; however, currently we have to rely on the two
aforementioned models to further our understanding on addictive behaviour.

The reinstatement model

The reinstatement model is currently being used in many laboratories to inves-
tigate mechanisms underlying relapse behaviour [1]. However, it should be
noted that the reinstatement test is performed under drug-free conditions. In
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contrast, a typical relapse or lapse in alcoholic patients is defined as compul-
sive alcohol consumption following a period of abstinence; a relapse can there-
fore not happen under drug-free conditions. Thus, having this definition in
mind, it remains unclear to the author, how the reinstatement model was put
forward by many researchers as a model of relapse. This is per definition
wrong but does not diminish the value of this model in measuring drug-seek-
ing behaviour, which without a doubt, is one behavioural dimension of crav-
ing. In conclusion, the reinstatement model should be considered as a model
of craving rather than relapse, even if it will be a long way to change the liter-
ature in this respect. Importantly, it is necessary to use semantics in a proper
fashion, as it provides the basis for our common and highly specialized scien-
tific language.

In the following, the reinstatement procedure is briefly described: an animal
(rat or mouse) is trained to self-administer a drug and is then subjected to
extinction – that is, the animal is tested under conditions of non-reinforcement
until operant responding appears to be extinguished. When the animal reaches
some criterion of unresponsiveness, various stimuli are presented. A stimulus
is said to reinstate the drug-seeking behaviour if it causes renewed responding,
i.e., lever pressing, without any further response-contingent drug reward. At
least three conditions can reinstate responding: (i) drug priming – that is the
injection of a small dose of the drug, (ii) stress, and (iii) conditioned stimuli.
The data derived from studies using the reinstatement model suggest that the
neuronal events mediating drug-, stress-, and cue-induced reinstatement of
drug-seeking are not identical [1].

Although reinstatement of intravenous self-administration of psychostimu-
lants and opioids has been established for many years, only a few attempts
have been undertaken to transfer this paradigm into the alcohol field. In 1995,
the first alcohol reinstatement study in rats was reported by Chiamulera and
co-workers [8]. In this study, rats acquired operant responding for alcohol over
several months. After stable lever pressing was obtained between subsequent
sessions, the rats were tested in extinction, meaning that animals received
water instead of alcohol following lever pressing. After eight to ten extinction
sessions, re-exposure to a small quantity of ethanol was able to reinstate pre-
viously extinguished alcohol-seeking behaviour. These results are consistent
with the widely reported description of the “first-drink” phenomenon: inges-
tion of a small quantity of alcohol may induce in abstinent alcoholics a strong
subjective state of craving and, then, relapse to drug-taking behaviour [9]. The
“priming effect” due to alcohol preload may be evident even after years of
abstinence from the drug [10] and a strong craving for alcohol and higher alco-
hol intake in social drinkers following alcohol priming was described [11].
Only very recently has the alcohol reinstatement paradigm been followed up
by other research groups, and it could be demonstrated that intermittent foot-
shock stress can also reinstate previously extinguished responding for alcohol
[12]. Furthermore, it has been shown that alcohol-associated olfactory cues
and other cues can reinstate extinguished alcohol-seeking behaviour [13].
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Foot-shock stress and response-contingent presentation of an alcohol-associat-
ed light cue, acting as a conditioned stimulus, also augment reinstated extin-
guished responding [14]. Thus, addictive effects of these stimuli on respond-
ing are observed, supporting the idea of different neuronal systems mediating
stress- and cue-induced reinstatement [1, 14].

The reinstatement model of drug-seeking behaviour is now a well-estab-
lished model in rats, and it is only recently that it has become possible to trans-
fer this model to mice [15]. However, some methodological transfer problems
from rats to mice ought to be considered: operant tasks have to be achieved by
the subject during the course of a reinstatement experiment and usually rats
acquire goal-directed behaviour more easily than mice. The first goal to be
achieved by the subject in the reinstatement procedure is selective responding
on a reinforced lever. This is usually an easy task for a rat but certainly a more
difficult one for mice, due to higher motor activity. Another confounding vari-
able in mice is that lever pressing is reinforcing per se. The same problem
might also relate to nose-poking. Thus, whether a reinforcer follows a lever
press/nose-poke or not, it might not influence subsequent behaviour of the
mouse. Despite the problematic factors of high motor activity and reinforcing
effects of lever pressing/nose poking, mice tend to successfully acquire selec-
tive responding under a simple fixed ratio (FR1) for the drug. However, on the
control lever (i.e., the non-reinforced lever), a higher number of responses is
observed in mice. The next task to be achieved, is extinction of lever respond-
ing. Thus, lever responding is without any further consequence and the indi-
vidual does not receive the drug anymore. Rats, on average, show a short burst
of responding, with responding gradually declining over the days. Following
10 days, rats usually only show few spontaneous responses. Extinction in mice
appears to be more difficult and thus more extinction days are needed as com-
pared to rats and again much higher rates of spontaneous responding are
observed. Regarding the third task, reinstatement of drug-seeking behaviour
has to be elicited. A combination of a light cue and alcohol priming has been
shown to reinstate alcohol-seeking behaviour in mice [15]. However, only a
few preliminary studies, using the reinstatement paradigm with mice, have
been reported and it will take more effort to work out the optimal conditions
for reinstatement of drug-seeking behaviour in mice. This effort, however, will
pay off as in the future, this paradigm will most likely be of frequent use in
studying conditional knock-out mice so as to precisely pin down the genes and
brain sites involved in alcohol craving.

In conclusion, reinstatement of alcohol-seeking behaviour can be used to
study the neurobiological and molecular basis of craving, since there appears
to be a good correspondence between the events that induce craving in labora-
tory animals and those that provoke it in humans. Furthermore, acamprosate
and naltrexone are known to reduce craving in alcoholic patients and can also
reduce or even block cue-induced reinstatement of alcohol-seeking behaviour
[13, 16, 17]. Nevertheless, the usefulness of the reinstatement model in mim-
icking craving in humans experiences some limitations. First, the phenomenon
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of craving is complex. Thus, although the operational definition of craving as
incentive motivation to drink alcohol has the advantage of making the phe-
nomenon of craving measurable, such a definition neglects the fact that crav-
ing also has a subjective dimension that is difficult, if at all possible, to assess
in laboratory animals [18]. Second, it appears that extinction of alcohol-seek-
ing behaviour usually only plays a minor role in alcoholic patients trying to
achieve and maintain abstinence. With the exception of patients undergoing
focused extinction therapy, alcoholics generally try to avoid exposure to exter-
nal alcohol cues during abstinence. In most cases, alcoholics stay abstinent for
a while but then may experience craving and subsequent relapse, if they are re-
exposed to external cues (e.g., the sight of a bar or smell of alcohol), and in
particular, if they are in a vulnerable internal state. Consequently, the animal
reinstatement procedure may not accurately reflect the situation of abstinent
alcoholics experiencing craving.

The alcohol deprivation effect model

The alcohol deprivation effect model is an animal model to study compulsive
alcohol drinking and relapse-like drinking behaviour [2]. Alcohol-experienced
animals show a transient increase in alcohol consumption and alcohol prefer-
ence after a period of forced abstinence (alcohol deprivation), which is termed
the “alcohol deprivation effect”. It can be seen in long-term alcohol-drinking
rats, both under home cage drinking and under operant self-administration
conditions. The effect is observed in monkeys [19] and man as well [20].
Interestingly, the alcohol deprivation effect is prolonged and enhanced in alco-
hol-preferring P- and HAD-rat lines after repeated deprivation phases [21, 22]
and it changes its characteristics with repeated deprivation phases [23]. Thus,
the alcohol deprivation effect in long-term alcohol self-administering rats,
which had experienced repeated deprivation phases, shows some particularly
interesting features: during an alcohol deprivation effect, these animals con-
sume large amounts of highly concentrated alcohol solutions and even at
unusual times. Pronounced changes in the diurnal rhythm of drinking activity
were observed in long-term alcohol-drinking rats, which had repeated depri-
vation phases [23]. Tested in a fully automated electronic drinkometer device,
age-matched control animals showed normal drinking activity. Thus, drinking
activity during the active night phase was high, whereas drinking activity dur-
ing the inactive light phase was very low, reaching zero for some hours. In con-
trast, in long-term alcohol-drinking rats during the alcohol deprivation effect,
the pattern of drinking activity completely changed. In particular, during the
inactive phase, most of the animals still showed high drinking activity.
Moreover, some animals were found that even demonstrated level drinking,
i.e., which implies that the alcohol deprivation effect can be associated with
alterations in circadian rhythmicity. This is a finding which probably translates
to humans. Thus, a new hypothesis suggests that chronic alcohol intake can
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influence the expression and function of clock genes and can thereby alter cir-
cadian rhythmicity and it has further been shown that clock gene activity can
influence drinking behaviour in mice and man as well [24].
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Figure 1. (A) Cue-induced reinstatement of ethanol-seeking. During a phase of conditioning rats
acquire stable lever pressing for ethanol in the presence of a distinct set of cues. After extinction, the
animals are again exposed to the respective cues, formerly associated with ethanol, leading to renewed
responding on the ethanol lever in the absence of the primary reinforcer (CTRL). Treatment with nal-
trexone (NAL; 0.25 mg/kg) or acamprosate (AC; 200 mg/kg) leads to a significant reduction of
ethanol-seeking behavior. (Katner et al. (1999) Neuropsychopharmacology 20: 471–479; Bachteler et
al. (2005) Neuropsychopharmacology; in press). (B) Reinstatement paradigm. Each lever press is fol-
lowed by a 25–30 µl drop of ethanol as primary reinforcer.
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As already mentioned, the alcohol deprivation effect is observed across sev-
eral species, including monkeys and human social drinkers. Salimov and
Salimova [25] were the first who described this effect in mice. In this study,
and in subsequent ones of the same group [26], many mice failed to exhibit an
alcohol deprivation effect. However, it is important to note that only a short
deprivation period of 3 days was introduced in these studies, which might not
lead to an effect in most of the mice. The experience in our lab over the years
has shown that a deprivation period of at least 2–3 weeks is needed, that would
then lead to an alcohol deprivation effect in most mice. However, there will
always be a number of mice which will consistently fail to show such an effect.
We are now in the course of a selective breeding program, where we are breed-
ing two lines of mice: one which shows a consistent alcohol deprivation effect
vs one which consistently fails to show such an effect. These two lines will cer-
tainly help in identifying the genetic factors underlying the alcohol deprivation
effect, and thereby alcohol relapse drinking behaviour. So far, only a few
reports on transgenic mice in the context of the alcohol deprivation effect
model and the involvement of a particular gene are available [27, 28].
However, the information from these studies has so far failed to have great
influence on better treatment strategies regarding relapse behaviour. It is hoped
that it has become clear to the reader that with the use of conditional knock-
out mice, we are about to enter a new research area and it is strongly believed
that in the future many labs working on relapse will follow this line of research
and will produce helpful information to guide us in new treatment strategies
on relapse behaviour.

In summary, the alcohol deprivation effect is a useful model to study com-
pulsive alcohol drinking behaviour and relapse-like drinking behaviour.
However, it is important to note that measuring an alcohol deprivation effect
only assesses a behavioural outcome and does not provide insight about a sub-
jective state associated with compulsive drinking behaviour. Nevertheless, the
fact that the clinically effective anti-relapse drugs acamprosate and naltrexone
also reduce or even abolish the alcohol deprivation effect [29] lends predictive
value to this animal model for the development of new and better drugs for the
treatment of alcoholism. Furthermore, the alcohol deprivation effect model
could also be applied as a high through-put pharmacological screen in the phar-
maceutical industry in identifying novel compounds which interfere with alco-
hol relapse. In fact, the alcohol deprivation effect model is currently used as a
high through-put screen test to study relapse drinking in a N-ethyl-N-nitros urea
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Figure 2. (A) Effects of acamprosate and naltrexone on the alcohol-deprivation effect. Rats had unlim-
ited, voluntary access to water and three different alcohol solutions (5, 10, 20%) for eight months
before alcohol was completely withdrawn for two weeks (alcohol deprivation). Intermittent treatment
with acamprosate (200 mg/kg) and naltrexone (5 mg/kg) reduced alcohol intake compared to control
animals after renewed access to ethanol. (B) Home cage drinking. Rats are exposed to the choice of
water and three different alcohol solutions (5, 10, 20%) in their home cage. After few weeks, a stable
ethanol-intake and -preference develops. Both intake and preference patterns change after an imposed
phase of alcohol deprivation.



(ENU) mutagenesis program. ENU is a chemical mutagen that has been shown
to produce a large number of mutations. The most important requirement for an
effective ENU screen is a simple and reliable behavioural high through-put test.
Finally, the successful application of the alcohol deprivation effect model in an
ENU mutagenesis program [30] demonstrates that this test could also be used
as a high through-put test for medication development.
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Introduction

Although the measurement of alcohol consumption and alcohol-related prob-
lems has received considerable attention in reviews of treatment research
[1–5], to our knowledge these reviews have not focused on issues specific to
pharmacotherapy trials. Methods for the conduct of clinical trials testing med-
ications to treat alcohol dependence have undergone substantial change over
the past two decades [6–8] and the issues specific to measurement of treatment
outcome in these studies warrant consideration. Outcome measures should fit
the practical requirements and hypothesized effects of the intervention being
examined [9]. Because medications often have specific effects on drinking
behavior, pharmacotherapy trials may impose unique requirements on the
process of outcome measurement. Furthermore, to the extent that different
medications have different hypothesized mechanisms of action and practical
constraints, it is unlikely that uniformity of assessment can be obtained across
studies [9]. In this chapter, we review developments in the methods used to
collect data for the evaluation of outcomes and the specific measures used to
evaluate the success of the medications.

Before focusing specifically on pharmacotherapy trials, however, we con-
sider some of the issues that are of general relevance to the measurement of
drinking behavior in treatment populations. This will provide the background
for a selective review of pharmacotherapy studies that have been published
over the past 30 years, a description of recent developments in this field, and
speculation on what the future may hold for studies examining the effects of
medications on alcohol treatment outcomes. The examples we selected to
illustrate trends over time are drawn from randomized, controlled trials, since
these represent the “gold standard” for the evaluation of treatment efficacy.
However, the most rigorous methods have generally been used in more recent
trials, and earlier studies often utilized methods no longer considered accept-
able for use in efficacy trials. We focus this review on medications or groups
of medications that have received the greatest research interest: lithium, the
alcohol-sensitizing medications disulfiram and calcium carbimide, acam-
prosate and the opioid antagonists naltrexone and nalmefene.
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Outcome measures in alcohol treatment trials

Finney et al. [3] examined 404 treatment outcome studies published between
1968 and 1998 that included two or more treatment/control conditions. In gen-
eral, the number of treatment outcome studies published annually has increased
in a linear fashion during this period. All of the studies that specified the method
of data collection (96%) indicated that the data were obtained by self-report.
The mean number of outcome variables assessed in these studies was 6.8 (medi-
an = 5). The correlation of outcome measures with year of publication gave no
evidence of a significant increase in the number of outcome variables over time.

Table 1 shows the outcome measures that were used with greater frequency
over the 31-year span, along with outcome indicators that have fallen out of
favor. The measures that were more widely adopted over time include time-
based abstinence (e.g., days of abstinence), time-based alcohol consumption
(e.g., drinks per day), physiological markers [e.g., γ-glutamyl transpeptidase
(GGT)], dependence symptoms, and drinking-related problems, all of which
were more likely to be assessed in later years. In contrast, “improvement” in
drinking behavior, measures of global functioning or improvement in global
functioning, and measures of occupational functioning or participants’ finan-
cial situation were less likely to be examined in more recent studies.
Noteworthy for their lack of association with date of publication were cate-
gorical (i.e., complete) abstinence and psychological functioning.

Finney et al. [3] also examined the popularity of various outcome indicators
in studies published between 1990 and 1998. This period is particularly rele-
vant to the focus of this chapter. As a consequence of support from the US gov-
ernment (i.e., the National Institute on Alcohol Abuse and Alcoholism
(NIAAA)) and the pharmaceutical industry in Europe, pharmacotherapy trials
began to increase substantially in number and sophistication beginning in the
1990s. During this 9-year period, categorical abstinence and quantity-based
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Table 1. Significant correlations between percentage of studies measuring class of outcome variable
and year of publication (Adapted from [3])

Class of outcome variable Aggregate r (n = 31)

Alcohol consumption, quantity-based .81**

Physiological marker .73**

Alcohol consumption, time-based .72**

Dependence symptoms .71**

Abstinence, time-based .59**

Drinking-related problems .44*

Rating of improvement in drinking –.44*

Global functioning or improvement –.45*

Occupational/financial situation –.46*

* p < 0.05, ** p < 0.001



alcohol consumption were most commonly used as outcome measures (used in
54% of published trials), followed by psychological functioning (38%), time-
based abstinence (34%), and time-based alcohol consumption (33%).

These findings led Finney and colleagues to the conclusion that the variety
of outcome measures in alcohol treatment trials makes it difficult to compare
results across studies. The large number of outcomes assessed also raises the
question of how to correct for multiple comparisons [3]. This is a particularly
thorny issue since the average power to detect a medium effect size in these
studies at p < 0.05 was only 0.54, with only 23% of studies providing adequate
power (i.e., 0.80) to detect such an effect [10].

Methods used to collect drinking data in alcohol treatment trials

A critical issue in the selection and use of outcome measures in pharma-
cotherapy and other treatment trials, is the feasibility of collecting complete
data from each research participant at baseline (i.e., reflecting pre-treatment)
and at various follow-up points during and after treatment [9].

Self-report measures

Alcohol treatment researchers have traditionally used self-report assessments
to measure alcohol consumption and its consequences. Although these meas-
ures are generally considered valid, poorly designed questions, being under the
influence of alcohol during the assessment, and fallible memory contribute to
a lack of reliability and accuracy of these measures [11]. The risk of inaccu-
rate information, which may be augmented by contingencies that favor mis-
representation, may be particularly pronounced during treatment or afterward,
when patients may minimize the extent of their drinking to prevent embar-
rassment to themselves, to the researchers or to the clinicians treating them.

In response to the commonly held assumption that self-report data have
questionable validity owing to patients’ inclination to lie or forget, Babor et al.
[12] used data from Project MATCH, a large, multi-center study of client-
treatment matching, to examine client characteristics associated with discrep-
ancies between subject self-report and other sources of information, including
biochemical markers and independent reports from collateral informants. Most
participants in this trial appeared not to be lying, sociopathic, or otherwise
behaving in an intentionally deceptive manner. Rather, demographic factors,
alcohol severity, cognitive functioning, and social stability measures were
more closely related to discrepancies among the data sources, than were meas-
ures of personality or psychiatric symptoms. Individuals who presented dis-
crepant results had more severe drinking problems, more previous treatments,
higher levels of pretreatment drinking, and more cognitive impairment, all of
which could contribute to inaccurate recall. In sum, it appears that research
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participants in clinical trials generally do not minimize their drinking on self-
report measures and, when they do, it may be less a result of intentional decep-
tion on their part, and more a function of memory deficits associated with a
more chronic and severe course of alcohol involvement.

A decade ago, Babor et al. [9] concluded that although biochemical meas-
ures and collateral informants’ reports may increase an investigator’s confi-
dence in treatment outcome results, they add little beyond self-report data.
Nonetheless, credibility is a major consideration in the reporting of treatment
outcome data, and the added value of alternative measures may be worth their
cost and inconvenience. An important consideration, when obtaining data from
multiple sources, is how to best integrate the findings in meaningful ways.
Moreover, resources devoted to collecting these alternative sources of outcome
data might be better invested in procedures aimed at increasing the validity of
self-report information, such as providing recall cues and emphasizing the
importance of accurate information or, as we describe below, collecting data
on a more frequent (e.g., daily) basis.

Methods for the collection of self-reported drinking data

Three approaches to the collection of self-reported drinking data are relevant to
clinical trials [5]. Quantity-Frequency methods (QF), which are retrospective
estimates of average or usual drinking, do not lend themselves to assessing vari-
ation in drinking intensity over time. Given some evidence that medications
such as the opioid antagonists have their greatest effects on the intensity of
drinking [13, 14], this is an important limitation to the use of QF methods for
measurement of drinking outcomes in pharmacotherapy trials. Daily drinking
estimation measures (DDE) are retrospective estimates of daily drinking, using
methods such as the Timeline Followback method or Form 90. Over the past
decade, DDE methods, particularly the Timeline Followback method (TLFB;
[15]), have become the preferred method to measure drinking behavior in alco-
hol treatment trials. The Form 90, a DDE method similar to the TLFB, was
developed for use in Project MATCH. Concurrent recall methods (CR) are
reports provided in close temporal proximity to the drinking occurrence, using
methods such as self-monitoring via paper diaries, palmtop computers, or inter-
active voice response (IVR) technology. CR methods have not been widely
used in alcohol treatment research. However, prospective daily monitoring, a
CR approach that has been examined in this context [16–18], appears to offer
a number of potential advantages over DDE methods, as described below.

Timeline followback method (TLFB)

The TLFB requires the interviewer to use a calendar of events identified by the
respondent to establish anchor points such as holidays, anniversaries, major
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national events, etc., which serve to facilitate the respondent’s retrospective
estimates of drinking on a day-to-day basis. The TLFB has been shown to be
reliable and valid when administered as an in-person interview [19, 20], when
administered by telephone or computer [21] and when used with Swedish-,
Spanish-, or English-speaking alcohol abusers [22].

Recent studies of the TLFB have focused on comparisons of aggregate and
more fine-grained comparisons with other data collection methods. Carney et
al. [23] evaluated the overall correspondence and day-to-day agreement
between daily reports and reports obtained using the TLFB [15]. Daily book-
lets were completed for 28 days by a group of problem drinkers and for 30
days using a palmtop computer by a group of moderate drinkers. Although
aggregate levels of drinking were highly correlated across the two methods,
the TLFB systematically underestimated drinking relative to daily assessment.
There were also large differences among participants in day-to-day correspon-
dence, suggesting that the TLFB may be less useful for measuring patterns
(rather than levels) of alcohol consumption.

Prospective daily monitoring

Designs that employ prospective daily monitoring have a number of advan-
tages over traditional cross-sectional designs: (a) rapidly changing processes
can be measured closer to their “real time” occurrences; (b) retrospection bias-
es are minimized; (c) powerful within-person analyses that eliminate sources
of confounding can be applied to individuals’ time series; and (d) temporal
sequencing of variables can be established more confidently.

One approach to collecting daily data involves IVR technology, a relatively
new and increasingly popular data collection method that uses the telephone to
administer survey questions. In using IVR, the respondent answers each ques-
tion by pressing the keys on the telephone keypad or provides a spoken
response, and the responses are entered automatically in a database. IVR
enjoys a number of advantages over traditional face-to-face interviews, includ-
ing interview consistency, access to difficult-to-reach populations, including
alcoholics [24], immediate data availability and accessibility, and convenience
both for respondents and researchers. Searles and colleagues have demonstrat-
ed the feasibility, reliability and validity of daily IVR drinking reports in com-
munity and student samples [25–27].

Searles et al. [27] compared daily reports using IVR technology for 366
days with TLFB assessments conducted in person at 13-week intervals in a
group of drinkers, some of whom met criteria for an alcohol use disorder.
Aggregate correlations for amount consumed, and frequency of drinking days
and heavy drinking days were modest, with substantial variability among indi-
viduals. Compared to participants without an alcohol use disorder, those with
such a diagnosis underreported their drinking.
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We [17] recently examined the potential utility of IVR for measuring daily
drinking behavior and related mood measures, as well as medication compli-
ance in a pilot trial of naltrexone for problem drinkers. In this study, nine par-
ticipants provided daily data via IVR during the 12-week treatment period. IVR
was well received by study participants, who demonstrated a high degree of
adherence to the call requirements. When compared across subjects, we found
convergence on both the number of drinking days and mean daily consumption
between daily IVR and TLFB, which is in agreement with findings reported by
Bardone et al. [26] However, when compared using within-person observations
and multi-level modeling (analytic methods of the kind highlighted by Stout [4]
for maximizing the statistical power of treatment trials), there was evidence that
subjects under-reported alcohol use on the TLFB. On average, participants
reported drinking a mean of 0.58 more drinks/day, when assessed using daily
IVR compared to the biweekly TLFB, and 0.78 drinks more drinks/day com-
pared to the 12-week TLFB. These differences are consistent with the findings
of Searles et al. [27, 28], who found that traditional QF indicators of alcohol use
yielded lower levels of alcohol use compared to daily IVR.

In concluding that individuals under-reported their alcohol use on the TLFB,
we assume that close to real time drinking reports (i.e., daily IVR) are more
accurate than recalled drinking and that recall methods introduce memory
decay and memory bias [29]. The extreme variation in the correlation for indi-
vidual participants between daily IVR and TLFB also indicates that for some
individuals, TLFB-derived drinking reports bear little resemblance to drinking
reports captured close to their real-time occurrence through daily IVR.

In this study, there was substantial variation in the number of daily IVR
reports provided, ranging from 12 to 84. The data missing from some individ-
uals are potentially problematic, but no more so than in studies in which the
TLFB is used retrospectively to measure drinking behavior. A common prob-
lem in alcohol treatment studies is the participants’ failure to return to the treat-
ment site and to comply with efforts to collect TLFB information via the tele-
phone. An advantage of daily data collection via IVR is that multi-level mod-
eling, the use of which is enhanced by daily reports, is robust with regard to
missing data and that it weights each participant’s data based on the amount of
data supplied by that individual.

A potential limitation of this study is that some individuals may have been
intoxicated at the time they provided daily reports. Using blood alcohol con-
centration and collateral reports, Perrine et al. [30] demonstrated the reliabili-
ty of daily IVR reports. Furthermore, we found no evidence of outlying report-
ing days during which it took more time than usual to complete the daily pro-
tocol, which would suggest intoxication in the respondent.

Another potential problem with intensive self-monitoring using daily data
collection is that it could influence the behaviors being measured [31] by
increasing awareness of the temporal contingencies between behavior and
internal or environmental triggers, by initiating self-focused attention, or by
interrupting distraction and related coping efforts [29]. Efforts to minimize
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measurement reactivity include recording more than one behavior [32] and
limiting recording to once a day [33]. In a series of daily process studies,
including studies of heavy drinkers, we [18, 23, 34] found no significant evi-
dence of trending or temporal changes in within-person associations that might
signal measurement reactivity. Similarly, Hufford et al. [35] reported that elec-
tronic monitoring via palmtop computers appeared to show no noticeable reac-
tivity effects.

Daily reports also provide an opportunity to study the moderating effect of
treatment on relations between drinking and subjective states, such as mood
[17, 36, 37]. Daily measurement of mood or desire to drink may help to eluci-
date the mechanism of treatment effects on drinking behavior, including the
effects of pharmacotherapies [33, 37].

Biological measures and collateral informant reports of drinking

Concerns that alcoholics may under-report or deny their drinking have sparked
efforts to identify sensitive and specific biological indicators of recent alcohol
use that do not depend on self-report. Available biochemical tests have the
advantage of being specific and reliable, and cannot be biased by motivation-
al or cognitive factors. In addition, biological markers of direct or indirect
alcohol effects provide an indication of alcohol’s physical toxicity and as such
can indicate improvement or deterioration during treatment.

Irwin et al. [38] reported that parallel increases in serum GGT concentra-
tions of 20% or greater, in serum aspartate aminotransferase (ASAT) of 40%
or greater, and in serum alanine aminotransferase (ALAT) of 20% or greater
differentiate recovering alcoholics who remain abstinent from those who
resume drinking with a sensitivity of 100% and a specificity of 82%. In the VA
disulfiram study [39], blood was obtained every two months for ASAT meas-
urements to monitor for hepatotoxicity. When ASAT increased from baseline,
other evidence indicated that the patient had resumed drinking and toxicity
was not the problem.

Conigrave et al. [40] recently reviewed the literature on conventional bio-
logical measures (including ASAT, ALAT, and GGT), which despite their lim-
ited sensitivity and specificity are clinically widely available. A number of
pharmacotherapy studies (e.g., [41, 42]) have used these measures to comple-
ment or validate self-report information obtained from the patient.
Unfortunately, GGT and other liver function tests are subject to large individ-
ual differences (e.g., according to age and gender), and are affected by many
factors other than alcohol (e.g., liver infections and medication use). In addi-
tion, many heavy drinkers do not have abnormal GGT levels, and the variabil-
ity among individuals with abnormal levels is so great that the use of para-
metric statistical tests may not be appropriate.

CDT may be marginally better than GGT [43], though it has very poor sen-
sitivity and specificity, when used to screen for heavy drinking in community
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samples or general medical practice, and it may perform less well for women
than for men [44]. Other limitations of these tests include cost, the feasibility
of obtaining blood samples at the time of follow-up evaluations, and a rela-
tively short period of maximum sensitivity (i.e., 2–14 days).

Recent approaches involve combining tests, such as CDT with GGT, to
enhance their value in identifying relapse [45, 46]. Javors and Johnson [47]
reviewed the findings on newer biological markers (including CDT, total
serum sialic acid, sialic acid index of apolipoprotein J, and serum β-hex-
osaminidase). These authors concluded that of the newer tests, CDT is the only
one with demonstrated value as a marker for alcohol consumption. They call
for additional research on the newer markers and on combining these with
more established markers to optimize the detection of heavy drinking.

The limitations of both self-report measures of drinking and biological indi-
cators have led investigators to corroborate self-report data with information
collected from collateral informants, who are knowledgeable about the
patient’s daily activities. Typically, parents, spouses, or friends are interviewed
about the patient’s drinking and general functioning. Collateral reports, when
available, generally corroborate client self-reports [11, 12]. However, because
of limitations of collateral reports, there has been the recognition that the high
degree of effort required to obtain this information may not be justified by its
limited value for validating self-reported drinking behavior by individuals par-
ticipating in the treatment trial.

Collateral informants are difficult to recruit, sometimes lose contact with
the client, and often lack detailed information about the quantity or frequency
of drinking. And while it is generally assumed that collaterals honestly report
what they observe, there is some anecdotal evidence that at times collaterals
may collude with the client to deny drinking when it occurs [48] or possibly
“punish” clients by over reporting (whether intentionally or not). Connors and
Maisto [49], after reviewing the literature on the reliability and accuracy of
alcoholics’ self-reported alcohol consumption in relation to reports provided
by collateral informants, concluded that individuals provide accurate reports
about their drinking and alcohol-related consequences. When reports provided
by collaterals are discrepant with participants’ reports, the latter almost always
show higher levels of alcohol consumption. Agreement between participant
and collateral reports is most likely to occur when collaterals are in frequent
contact with the participant, are spouses or partners, and are confident about
the reports they provide [12].

Alcohol pharmacotherapy trials

Lithium

Patients who were enrolled in early trials of medications to treat alcoholism
were treatment-seeking patients, who generally were moderate-to-severe in
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their level of alcohol dependence. Early studies of the efficacy of lithium for
the treatment of alcohol dependence predominantly included inpatient alco-
holics. The primary outcome measure reported in these studies was complete
abstinence from alcohol, though over more than a decade of efforts to exam-
ine the efficacy of this medication, a number of methodological advances
appeared. Kline et al. [50] compared lithium with placebo in a sample of inpa-
tient alcoholic veterans. The efficacy outcome employed by these investigators
was the occurrence of disabling alcoholic episodes, which occurred when
patients’ drinking interfered with their daily life, thereby necessitating inpa-
tient detoxification. Merry et al. [51] randomly assigned inpatient alcoholics,
stratified on the basis of co-morbid depressive symptoms, to receive either sus-
tained-release lithium or placebo. Following discharge, patients were moni-
tored at 6-week intervals for 1 year. The self-reported outcomes on which the
treatment groups were compared were the number of days on which drinking
occurred and the number of days on which patients were incapacitated by alco-
hol, the proportion of patients who were totally abstinent, and the change in
depressive symptoms. Pond et al. [52] recruited alcoholics through newspaper
advertisements, in an effort to enroll individuals who were not undergoing
treatment for their alcoholism. They randomized participants to receive lithi-
um or placebo using a crossover design. Self-reported drinking behavior was
used to evaluate the efficacy of treatment, with grams of alcohol consumed per
day as the primary outcome measure, which was obtained through weekly
interviews. Although information was obtained on the number of tablets con-
sumed, the occurrence of alcohol-related events (e.g., hospitalization) and non-
alcohol-related hospitalization or illness, as well as changes in economic,
social and psychological status, findings related to these measures were not
reported.

In the late 1980s, studies evaluating lithium for alcoholism treatment
showed clear methodological improvements, including the use of multiple
measures of treatment outcome. Fawcett et al. [53] compared lithium to place-
bo in a sample of individuals recruited from an inpatient setting. Drinking out-
comes were obtained through interviews conducted at least monthly by a nurse
with alcoholism treatment experience. For most patients, a significant other
provided information at 6-month intervals, which together with the self-report
information and medical records was used to make a clinical judgment as to
whether the patient had been completely abstinent, whether the patient had
received other treatment and whether he or she had been working regularly. In
addition to a dichotomous classification as abstinent or not, the time to relapse
to any drinking was used in this study as an outcome of treatment. Other out-
comes that were examined were abstinence from all abused drugs, severity of
depressive symptoms, number of days missed from work, and number of hos-
pitalizations.

Dorus et al. [54] conducted the largest and most methodologically sophisti-
cated study of lithium for alcoholism treatment. The study was a placebo-con-
trolled, multi-center VA Cooperative Study, which enrolled 457 alcoholics
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recruited as inpatients and stratified on the basis of a lifetime history of depres-
sion. The outcomes included total abstinence, number of days of drinking,
number of alcohol-related hospitalizations, change in the rating of alcoholism
severity and change in the severity of depression. These measures were
obtained at 4-week intervals by interviewing the patient and a collateral
informant. Based on the study’s failure to demonstrate an advantage for lithi-
um over placebo in either the depressed or non-depressed subgroups, it is now
generally conceded that except for individuals with co-morbid bipolar disor-
der, lithium has no role in the treatment of alcoholism [55].

Alcohol-sensitizing medications

Early studies of disulfiram were, in many respects, similar to the later studies
of lithium. Fuller and Roth [56] used total abstinence and the number of drink-
ing days as the primary outcomes in the first, large-scale, controlled trial of
disulfiram for alcoholism treatment. However, these investigators also com-
pared treatment groups on the number of days of work attended by study par-
ticipants, their family stability, and adherence to the schedule of study visits as
secondary measures of efficacy. A similar approach was taken with the multi-
center VA Cooperative Study of disulfiram [57], which, in addition to total
abstinence and the number of drinking days as primary treatment outcome
measures, included a measure of the time to first drinking episode. In both of
these studies, self-reported drinking behavior was supplemented by collateral
informant report. The disulfiram studies were, however, methodologically
superior to the studies of lithium in that they used a riboflavin marker, which
made it possible to measure medication compliance.

In a placebo-controlled study of the efficacy of the alcohol-sensitizing drug
calcium carbimide, Peachey et al. [58] employed the following self-report
measures of drinking behavior: drinking days, total quantity, and typical daily
quantity. This study was unique, insofar as it required participants to return a
urine sample daily, which made it possible to measure the concentrations of
both alcohol and riboflavin (with which both the active and placebo medica-
tions were formulated), thereby providing objective measures of drinking
behavior and medication compliance. The validity of daily reports of drinking
behavior and medication compliance were thus evaluated against these criteri-
on measures.

Acamprosate

A recent comprehensive meta-analysis of clinical trials of acamprosate [59]
identified a total of 20 randomized, placebo-controlled studies, all but one of
which are published. The studies were conducted in 12 European countries,
the US, and Korea. Seventeen studies met the criteria for inclusion in the meta-
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analysis, which represent a total of 4087 patients (2160 who were treated with
acamprosate and 1927 who received placebo). These studies enrolled patients
with a diagnosis of alcohol abuse or dependence, so that there was variation in
the severity of alcoholism across the studies, though there was an abstinence-
oriented treatment orientation in all. The most common primary outcome
measure was cumulative abstinent days (n = 9), followed by “drinking behav-
ior” (n = 3), continuous abstinence (n = 2), and time to first relapse (n = 2,
both of which had cumulative abstinent days as a co-primary outcome meas-
ure). Relapse rate at each visit, serum GGT activity, and time to treatment fail-
ure were each used as a primary outcome in only one of the studies reviewed.
Although continuous abstinence rates were not the primary outcome measure
in the studies reviewed, Mann et al. [59] were provided access by the pharma-
ceutical sponsor to data for these studies, and they were able to examine the
overall effect of acamprosate on this outcome measure. These authors found a
significant advantage for acamprosate over placebo on continuous abstinence
rates. The effect sizes, though modest, increased progressively as treatment
duration increased from three to six and then to 12 months.

Chick et al. [60] conducted a meta-analysis that included data from 15 of
the same studies as those included in the Mann et al. [59] meta-analysis.
Although the method of collecting drinking data at the assessment points var-
ied among the studies, data available at each assessment made it possible to
examine the overall effect of acamprosate on average daily alcohol consump-
tion, number of days drinking, and the proportion of patients drinking an aver-
age of five or more drinks per day. Chick and colleagues acknowledged, how-
ever, lack of precision in the consumption estimates for the studies that used
categories for the mean reported number of drinks per drinking day and the
mean number of drinking days per week.

Overall, in contrast to studies of either lithium or disulfiram, there is some
consistency in the outcomes assessed in the acamprosate studies, presumably
because a single pharmaceutical company sponsored all of these studies.
Nonetheless, there were a number of primary outcomes examined, particular-
ly in view of the wide diversity of the countries in which the studies were con-
ducted and the diversity of requirements for registration in those countries.

Opioid antagonists

A recent meta-analysis of the effects of opioid antagonists on treatment of
alcohol dependence [61] identified a total of 14 randomized, placebo-con-
trolled studies of naltrexone and two studies of nalmefene. These studies var-
ied in duration from 4 weeks to one year, with a total of 1688 subjects, 868
who received active medication (including 84 treated with nalmefene) and 820
who received placebo. As shown in Table 2, these studies employed a total of
10 different measures of treatment outcome, the most common of which (94%)
was the rate of study discontinuation.
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Both naltrexone [13, 62] and nalmefene [14, 63] have been shown to reduce
the risk of heavy drinking. As a consequence of these findings, subsequent
studies of the oral formulation of naltrexone in alcoholics and in problem
drinkers [18] and of long-acting naltrexone formulations in alcohol-dependent
individuals [64, 65] have used the frequency of heavy drinking as a primary
outcome measure.

Outcome measures for alcohol treatment trials: future directions

A decade ago, in anticipation of analyzing data from Project MATCH, inves-
tigators from that study [9] addressed the measurement of outcomes in alcohol
treatment research. Based on empirical findings from four data sets, the group
recommended the use of measures of both frequency (days drinking) and
intensity (drinks per drinking day). They found these measures to be relative-
ly uncorrelated and hence argued that they represent independent dimensions
of drinking behavior. Furthermore, they pointed out that these measures are
easily and inexpensively assessed using self-report techniques and are differ-
entially sensitive to different kinds of treatment.

Recently, in an effort to develop an optimal measure for use in alcohol treat-
ment trials, NIAAA convened a panel of scientists with expertise in the assess-
ment of drinking behavior, particularly as it relates to clinical studies [5]. The
panel recommended that percent of days heavy drinking (defined as ≥ 4 drinks
in a day for women and ≥ 6 drinks in a day for men) be used as the single out-
come measure in alcohol treatment trials. The rationale for choosing this meas-
ure was that it is a good predictor of acute alcohol-related problems.
Furthermore, use of abstinence as a categorical measure of treatment outcome
is limited by the small number of patients who are able to achieve it over an
extended period of time and by its inability to show improvement over time.
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Table 2. Outcome measures reported in randomized, placebo-controlled studies of opioid antagonists
(n = 16)

Outcome measure Number of studies

Discontinuation rate 15

Number of standard drinks 11

Number relapsed to drinking 9

Craving scale score 8

Number of abstinent days 7

Percentage or number of drinking days 6

Functioning score 1

Number relapsed to alcohol dependence 1

Time until relapse 1

Treatment adherence duration 1



Abstinence (though traditionally viewed as the most appropriate goal of alco-
hol treatment [59]), is not a suitable treatment goal for harm reduction efforts
or for individuals with levels of severity that do not require abstinence as a
treatment goal. Harm reduction approaches, in which reduced drinking fre-
quency and intensity, rather than abstinence from alcohol, are the goals of
treatment, have assumed greater importance in both clinical practice and as the
focus of alcohol treatment trials, particularly pharmacotherapy research.

The NIAAA panel also recommended use of the TLFB for collecting data
on percent of days heavy drinking. The TLFB is the most psychometrically
sound and most widely used method of data collection for alcohol treatment
trials. Although it is acknowledged that CR methods may provide more accu-
rate measures of drinking, they argue that under most circumstances CR meth-
ods cannot be used to estimate pretreatment drinking and thus are not the pre-
ferred methods for comparing pre- and post-treatment outcomes. However,
this begs the question of whether a hybrid approach, in which subjects report
pretreatment drinking using the TLFB or another DDE approach and prospec-
tively report drinking using a CR approach, may incorporate the best aspects
of both approaches. As discussed earlier, use of the TLFB or a similar DDE
method also ignores the utility of the CR approach for gathering data on mood,
desire to drink and other factors that vary day to day. An approach that incor-
porates these fine-grained data and employs modern analytic tools makes it
possible to detect very specific effects of treatment through increased statisti-
cal power [4].

The search for a single, “optimal” treatment outcome measure may also
prove to be futile. In underscoring the importance of statistical power in treat-
ment outcome studies, Stout [4] argues that a more efficient alternative to
increasing sample size is the use of improved measures of treatment outcome
and analytic methods tailored to the predicted effects of treatment. Because
these effects differ among studies, no single outcome measure is likely to be
useful for all studies, a point that contrasts with the efforts of the NIAAA
panel.

The choice of outcome measures in the Combine Study, a large multi-cen-
ter study comparing naltrexone, acamprosate and their combination with
placebo, with all medication conditions delivered with either medical manage-
ment or a more intensive psychotherapy [66], may influence the design of
pharmacotherapy research over the next decade. In this study, the primary out-
come measures are percent days abstinent and the number of days to first
heavy drinking episode, as measured using the Form 90. Secondary outcome
measures include number of heavy drinking days, a composite outcome meas-
ure that integrates both alcohol consumption and alcohol-related problem vari-
ables, biological markers of heavy drinking (e.g., CDT), level of alcohol crav-
ing, and presence of DSM-IV alcohol dependence.

As the pharmaceutical industry has come increasingly to recognize the
potentially lucrative market that medications to treat alcoholism could repre-
sent, there has been growing interest in the conduct of multi-center clinical tri-
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als. These allow rapid recruitment of the large study samples required to pro-
vide adequate statistical power. However, the measurement of drinking out-
comes in multi-center clinical trials presents a number of challenges in terms
of feasibility, sensitivity, and conceptualization of the dependent variable.
Traditionally, practical considerations have favored the use of self-report
measures because of their lower cost and ease of use. Although alternative
measures of drinking, such as biochemical tests and collateral informant
reports, have been proposed, they have not gained wide acceptance as inde-
pendent outcome measures. If collected at all in outcome studies, they are
more likely to be used to provide circumstantial evidence for the accuracy of
self-report information, rather than as a specific validity check on a given indi-
vidual. Even under the optimal conditions of a large-scale clinical trial, it is
more difficult to obtain blood samples and collateral informants’ reports than
client self-reports. All measures decline in completeness as the time from the
baseline assessment increases.

Prospective daily monitoring of drinking behavior using a method such as
IVR has the potential to serve as a centralized method for use in multi-center
trials. We would speculate that the intersite variability in outcome measure-
ment involving methods such as the TLFB or Form 90 represents a major
source of error variance that can threaten the internal validity of multi-center
trials. IVR-based administration of a common script for eliciting data on drink-
ing behavior could reduce some of the site effects, thereby representing an
important methodological advance in the conduct of multi-center trials. This
approach may also provide insights into the mechanisms by which pharmaco-
logical treatment effects occur [37].
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Introduction

Disulfiram (Antabuse®) is historically one of the first medications found to
stop drinking. This compound inhibits acetaldehyde dehydrogenase, so that
alcohol consumption leads to an accumulation of acetaldehyde. This in turn
results in distressing symptoms, including flushing, syncope, a decrease in
blood pressure, and vomiting as well as diarrhea. Disulfiram is available in dif-
ferent dosages with 200 mg/day being a standard dose. A supervised exposi-
tion to a minimal amount of the preferred alcohol beverage may help the
patient to experience the possible disulfiram-alcohol reaction under a con-
trolled treatment management.

Treatment with disulfiram arouses controversy among the alcohol treatment
community. Specialists in some countries neglect this kind of approach,
whereas in other countries Antabuse® is an essential part of the treatment of
alcoholism. Treatment with disulfiram may be effective, if it is part of an indi-
vidualized therapy program. This ex-cathedra statement is based on a long
clinical experience in Switzerland and the Scandinavian countries. Denmark,
for instance, has a long tradition for its use. The often quoted finding that
placebo-controlled studies are rarely in favor of this medication [1, 2] is in part
in contrast to clinical experiences. Table 1 gives an overview of the methodol-
ogy in 24 studies of oral disulfiram administration. In recent years, several
treatment modifications with disulfiram have been described that may improve
outcome variables such as duration of abstinence or the amount of alcohol con-
sumed per day in non-abstinent phases. This implies that treatment does not
consist only of a medication. One simple modification of treatment with disul-
firam is supervised intake [3]. Supervised disulfiram means controlled deliv-
ery of the soluble substance in an adequate setting. This means that some form
of psychosocial intervention is part of the treatment. Another approach focus-
es on the importance of a relationship or an accompanying behavior or mari-
tal therapy [4]. Both modifications increase the effectiveness of disulfiram.
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Although, for some clinicians, disulfiram is still the first medication to stop
drinking, the spectrum of pharmacological and psychotherapeutic interven-
tions nowadays available is such that in daily practice and in research, combi-
nations have much more a chance of success than a mono-intervention.

Randomized open efficacy study

In addition to disulfiram (Antabuse®), acamprosate (Campral®) and naltrexone
(Revia/Nemexin®) have been approved as pharmacological support for main-
taining alcohol abstinence. With disulfiram, the consumption of alcohol pro-
duces the typical symptoms of flushing, nausea, tachycardia, hypotension and
dyspnea- aversive effects, which may prevent the patient from further drink-
ing. Acamprosate has been found to reduce the neural hyperexcitability of the
glutamatergic system, which becomes up-regulated under the chronic action of
alcohol [5] (see also Chapter 19). The clinically observed and significantly
higher abstinence rate under acamprosate [6, 7] is probably due to an inhibi-
tion of conditioned withdrawal phenomena, which may appear as “craving”
and function as a trigger for relapse [8]. The opioid receptor antagonist nal-
trexone was found to reduce the activating influence of alcohol on endogenous
opioid systems [8, 9] (see also Chapter by Cowen). The release of endogenous
opioids, in particular of β-endorphin, in the mesolimbic reward system plays a
key role in substance dependence. Several clinical trials have identified a
reduction in alcohol consumption under naltrexone [10–12]. Whereas the
effect of acamprosate and naltrexone is based on biological findings, the effect
of disulfiram is primarily a psychological one. In most studies on the mainte-
nance of alcohol abstinence using the aforementioned medications, pharma-

Table 1. Methodology in 24 studies of oral disulfiram

Total number of subjects 2836

Mean number of subjects per study (range) 118 (16–605)

Number of studies using objective criteria* (%) 20 (83)

Number of studies of supervised disulfiram (%) 15 (62.5)

Number of single blind studies (%) 4 (17)

Number of double blind studies (%) 1 (4)

Number of studies with matched controls (%) 13 (54)

Number of randomized studies (%) 13 (54)

Number of studies with statistical analysis† (%) 16 (67)

Mean follow-up in months

(a) on treatment in 23 studies (range) 12.9 (2–24)

(b) post-treatment in six studies (range) 13.7 (0.75–48)

Mean percentage lost to follow-up per study (range) 19.6% (0–92%)

* but not always explicit nor comprehensive; †not always extensive.



cotherapy was combined with various types of psychotherapy. To evaluate
whether there are any differences in the course of treatment by using acam-
prosate, naltrexone or disulfiram in combination with a standardized cognitive
behavioral group therapy, we started a study with a sample of alcoholics.

The total sample included 100 patients diagnosed with alcohol dependence
according to DSM-IV. 71% of the patients who came for detoxification to the
University of Basel, Department of Psychiatry, were men and 29% were
women. The mean age of the sample was 44.8 (±9.2) years. Patients were
recruited after at least 7 days (max. 14 days) of alcohol abstinence following
in-patient detoxification. They were randomly assigned to one of the three
medication groups (N = 25 each) with acamprosate, naltrexone, disulfiram, or
the “non-medication” group. The patients received trial medication in fixed
dosages (1800 mg/d acamprosate; 50 mg/d naltrexone; 200 mg/d disulfiram)
when entering the study (12 weeks) in combination with a manualized cogni-
tive behavioral group therapy program for relapse prevention in outpatients.
This modified version of Monti’s [13] group therapy program was conducted
by a clinical psychologist and a psychiatrist. The 12 modules of the program
were highly structured in their content and form and included the following
elements: 1) An introduction to coping strategies in alcohol dependence, 2)
coping with alcohol craving, 3) dealing with thoughts about alcohol, 4) gener-
al problem-solving strategies, 5) the ability to refuse the offer of alcohol con-
sumption (saying no), 6) dealing with seemingly insignificant decisions, 7)
dealing with high risk and relapse situations, 8) supporting one’s own needs,
9) dealing with criticism, 10) dealing with depressed mood, 11) dealing with
anger, 12) relaxation techniques.

The four groups studied showed no differences in relation to the sociode-
mographic data determined at the beginning of the study, such as gender, age,
education, income, living and family conditions. Neither were there any differ-
ences between the groups with regard to family stress, the frequency of earlier
withdrawals or patients’ drinking behavior in the three months prior to entering
the study. The craving for alcohol was measured on a visual analogue scale
(VAS) with higher values indicating greater craving. These measurements were
taken weekly. Though there was a slight difference at baseline with lower val-
ues in the acamprosate group, no significant differences between groups treat-
ed with medication were found during and at the end of the treatment. But there
was a significant difference in comparison with the no-drug group. Generally,
all the drugs were well tolerated with the acamprosate group reporting initial
diarrhea more frequently and the naltrexone group reporting sleep disturbances
more frequently. These side-effects did not cause any patient to end treatment.
Concerning standard laboratory parameters, which were determined at inter-
vals of 4 weeks, no differences between groups were found for gamma-glu-
tamyl transferase and mean erythrocyte volume. 60% of the patients complet-
ed the 12-week study. This corresponds to a dropout rate of 40%, which is fair-
ly low for treatment studies in substance dependence. There were no significant
differences between groups in this respect (see Tab. 2).
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Even in the patients who had dropped out, it was possible and on a weekly
basis to assess the amount of drinking per day. The main reason for dropping
out was relapse. All missing data from patients that had dropped out of the
study were statistically accounted for as full relapses. In the disulfiram group,
patients stopped medication before relapse. Although 52% of the patients
reported having consumed alcohol at least once during the 12-week treatment,
the proportion of abstinent days was 90% overall (see Tab. 3). The four groups
showed no significant differences in regard to the percentage of abstinent days.
There was a significant difference between the groups in relation to the time
period until the first drink; the patients in the disulfiram group had a longer
period of abstinence compared to patients in the acamprosate group (p < 0.05)
or patients in the naltrexone group (p < 0.05). With regard to the time period
until the first relapse (>40/60 g of alcohol for women/men per drinking day),
there were no significant differences between the groups. The same applied for
the time period until the first serious relapse (>40/60 g of alcohol for
women/men per drinking day on at least 3 successive days) for the three
groups on medication, whereas the group with no medication had a signifi-
cantly shorter period of abstinence. When a drinking event did occur, a com-
parison between groups revealed the following differences in the quantity of
alcohol consumed on a drinking day: the acamprosate group drank signifi-
cantly lower quantities of alcohol per drinking day compared to the disulfiram
group (76 ± 45 g versus 152 ± 69 g: x ± SD; p < 0.05), and the naltrexone
group drank even less (57 ± 41 g; p < 0.05). Overall, patients attended, on the
average, 61% of all group meetings, which corresponds to a good acceptance
of the group therapy program. A semi-structured interview of the participants
in this regard revealed that, according to their own estimation, 60% of them
had acquired new knowledge with regard to their alcohol problem and had
experienced modifications in their behavior. The relatively rigid formal struc-
ture of the group therapy was named as the main reason for the acceptance of
the program by more than 55% of the participants.

44 D. Ladewig and U. v. Bardeleben

Table 2. Participation rates in group comparison (N = 100)

No medication Disulfiram Acamprosate Naltrexone %2 or ANOVA

Regular 48 52 64 68 ns
termination
of study (%)

Duration of 9.2 ± 3.8 9.2 ± 3.9 9.3 ± 4.2 9.5 ± 3.3 ns
standardized
observation 
(weeks; x ± SD)

Group meetings 7.5 ± 3.4 7.2 ± 3.6 7.3 ± 3.6 6.4 ± 3.3 ns
attended (x ± SD)

ns: not significant; SD: standard deviation
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In summary, the relatively high proportion of abstinent days during treat-
ment may be due to the effects of the different medications as well as the
effects of the cognitive-behavioral therapy. Concerning the results of the disul-
firam group, patients were aware of the adverse effects when consuming alco-
hol while taking this medication. This aspect has also been discussed in other
studies on disulfiram [1]. Regarding the time period to the first relapse, the
three drugs produced comparable results. However, the time period to the first
drink was longest in the disulfiram group. On the other hand, the amount of
alcohol consumed per day during relapse was highest in the group treated with
disulfiram. This is possibly due to the known abstinence-violation effect,
which may be of more importance in disulfiram treatment than in treatment
with the other two substances. This might also be an effect of the anti-craving
properties ascribed to these substances. Yet, all these minor differences
between the three medications must not be overvalued, since the group sizes
were very small. Nevertheless, outpatient treatment combining psychotherapy
and pharmacotherapy seems to be a promising tool in clinical practice. This is
also reflected in the remarkably high acceptance rate of this program.

Finally, expectations concerning improvement are important in any treat-
ment, especially in alcoholism treatment. Self-confidence in achieving absti-
nence was measured with the KAZ [14]. We found that already before the
beginning of any treatment, patients with serious relapse and those without
relapse (>40 g/60 g of alcohol for women/men per drinking day on at least 3
successive days) could be differentiated. This means that alcoholics with low
self-confidence should be identified and treatment with any drug should then
be organized with caution. This again demonstrates the importance of psycho-
logical factors.

Conclusions

Studies with disulfiram have produced mixed results. However, there are advo-
cates of disulfiram treatment programs. Heather [15] recommended disulfiram
as a way of providing some patients with a respite from ravages of heavy
drinking. Chick and Brewer [2, 16, 17] warned of the under-use of disulfiram
despite the fact that the studies with a sufficient methodology are rare [18]. In
particular, the study of Fuller et al. [1] implies that, at least in the short run,
disulfiram can reduce the number of drinking days and the amounts of con-
sumed alcohol – a similar finding was reproduced in our study. Some aspects
of treatment raise particular methodological concerns. These include patient-
treatment matching, the impossibility of double blindness (will be broken by
value of the disulfiram-alcohol reaction), the use of disulfiram as part of a
treatment package and the problem of compliance. A great variety of patient
characteristics has been suggested, which offers potential for matching with
disulfiram treatment. The strongest predictor of willingness to take medication
was a belief that the medication would be helpful [19], comparable to our find-
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ings with the KAZ-35. The list of positive and negative predictive factors is
long and in parts contradictory. This means that it is impossible to put all of
them in an outcome study which fulfills adequate methodological criteria.
Knowing the differences between the right and the wrong patient for disulfi-
ram would clinically be crucial but it remains a long-term objective.

We think that disulfiram may be used to promote self-help – this means that
disulfiram medication might be interpreted as a help to increase self-control –
and may be used as part of a treatment package knowing that this is method-
ologically difficult to be proven. The combination with psychotherapeutic
interventions like marital therapy, behavioral therapy or social skills training
[20] is most promising for establishing compliance and abstinence. The com-
bination of several pharmacotherapies like disulfiram and acamprosate [21] or
acamprosate and naltrexone [22] and comparisons with other pharmacothera-
pies are other fruitful approaches [23]. This established a process of learnt
abstinence [24], which was very intensively taken up by Ehrenreich et al. [25].

Years back, disulfiram (Antabuse®) was historically the first medication
used to stop drinking. Today, treatment is dependent on the overall treatment
setting, deciding on whether treatment starts with disulfiram, acamprosate,
naltrexone, or a combination of these compounds. The strategy of combining
different “anticraving” substances deserves further clinical attention and there
are already several ongoing studies tackling this issue.
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Naltrexone: preclinical data

Michael S. Cowen

Howard Florey Institute, University of Melbourne, VIC 3010, Australia

Introduction

Naltrexone (N-cylopropylmethylnoroxymorphone) is a potent opiate antago-
nist with only very weak agonist properties [1]. The drug is well tolerated [2]
and orally available [1]. Naltrexone has been shown to precipitate withdrawal
from morphine in rats [3] and monkeys [4], and to reverse morphine-induced
antinociception against noxious heat and pressure stimuli in rats [5].
Naltrexone was also shown to reverse the antinociception induced by the selec-
tive κ-opioid receptor agonist U-69, 593 with slightly higher doses than for
morphine-induced antinociception [5], reflecting the somewhat higher affinity
of naltrexone for µ-opioid receptors compared with κ- and δ-opioid receptors
[6, 7]. Prior to the publication of the first clinical studies examining the effect
of naltrexone in alcohol dependence [8, 9], most pre-clinical studies examin-
ing the interaction of ethanol with opioids used the shorter-acting, ‘pure’ opi-
oid antagonist naloxone [10, 11] rather than naltrexone [12–15]. However,
since that time a large body of data has been gathered examining the effect of
naltrexone on ethanol consumption in various pre-clinical models.

Dosage

In general, naltrexone has been shown to cause a dose-dependent decrease in
ethanol consumption and preference in a range of animal models and species,
including mice, rats and monkeys. The range of effective doses appears broad-
ly similar across species (although see below), but the effectiveness of nal-
trexone in decreasing ethanol consumption varies depending on the experi-
mental model used. Thus, naltrexone has been shown to be effective at doses
below 1 mg per kg body weight (0.1–0.6 mg/kg) when the period of access to
ethanol is short (e.g., 1 h) and naltrexone is injected shortly prior to the access
period, such as in limited access schedules [16–20] or in operant self-admin-
istration protocols [21–31]. When there is a delay between naltrexone injec-
tion and access to ethanol, the doses of naltrexone required to cause a signifi-
cant reduction in ethanol consumption are much higher [22].
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As the period of access to ethanol increases, the dose of naltrexone required
to cause a significant suppression of ethanol consumption also increases. When
ethanol is available under a 24-h continual access regime [13, 15, 18, 32] or a
23-h operant self-administration session [33], a dose of 10 mg/kg has caused a
significant reduction in ethanol consumption in some [13, 15, 18, 32, 33] but
not all [33, 34] studies. Although in most of these studies dose-dependency was
not established (i.e., the minimum effective dose was not determined), several
other studies using doses up to 5 mg/kg [35–38] have shown no significant
effect of naltrexone alone under continual access conditions. There are, how-
ever, two studies of continual access or near-continual access to ethanol con-
sumption, in which a relatively low dose of naltrexone produced a significant
reduction in ethanol consumption. Thus, in the study by Hölter and Spanagel
[33], whereas naltrexone up to a dose of 10 mg/kg had no significant effect on
operant ethanol self-administration by rats under basal conditions (23-h ses-
sions), following a period of enforced abstinence from ethanol (1 week), a dose
of 0.1 mg/kg naltrexone caused a significant reduction in operant ethanol self-
administration over the following 23 h period. The data may be explained by
the differential motivation to consume ethanol in the two paradigms, depriva-
tion-induced ethanol consumption presumably having a significant opioidergic
component. Although this suggestion would appear to be borne out by the stud-
ies of Kornet et al. [39, 40], in which a low dose of 0.17 mg/kg naltrexone
caused a significant reduction in ethanol consumption by rhesus monkeys in
the 17 h following a period of enforced abstinence (48 h), basal ethanol con-
sumption by these monkeys was also suppressed by a low dose of 0.5 mg/kg
naltrexone. The discrepancy between the monkey studies [39, 40] and the stud-
ies in rats and mice outlined above may therefore also indicate a species dif-
ference in the effect of naltrexone on ethanol consumption; unfortunately, the
effect of naltrexone on ethanol self-administration by monkeys over such long
time periods does not appear to have been examined by any other group.

Williams et al. [31] have pointed out that the doses of naltrexone needed to
decrease operant ethanol self-administration by rhesus monkeys are higher
than those needed for reversal of morphine-induced antinociception [5], pre-
sumably a µ-opioid receptor mediated effect [41]. This may in part reflect the
different time frames of these experiments (minutes versus hours) and the
nature of the drug examined (morphine interacting directly with opioid recep-
tors, ethanol apparently modulating [42, 43] or acting indirectly [44, 45] on
opioid receptors). In the only study of selective opioid antagonists in primates
[46], whereas µ- and δ-opioid receptor selective antagonists had no effect on
ethanol self-administration, the κ-opioid receptor antagonist nor-binaltor-
phimine was shown to decrease ethanol self-administration. Since nor-binal-
torphimine was effective only on the day of injection (whereas its antagonism
of κ-opioid receptors was expected to continue over days), the authors [46]
were led to suggest that the effect of naltrexone was not mediated by opioid
receptors. However, a combination of selective antagonists was not tested, i.e.,
the involvement of multiple opioid receptor subtypes cannot be ruled out.
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Continuous and repeated dosing

In the studies of longer ethanol access periods, the effects of naltrexone have
been observed to be most pronounced in the initial 1–4 h post-injection [33,
36, 39]. Since the effect of naltrexone appears to diminish relatively rapidly
post-injection, continuous delivery systems have been tested, using either a
subcutaneously planted naltrexone pellet [47–49] or osmotic minipump [33,
37, 50]. However, particularly poor outcomes are obtained using such systems:
frequently no effect [33, 37, 47] or an increase in ethanol consumption [49] is
observed. Any significant decrease normally occurs only immediately (1–2
days) post-surgery [48, 50]. Cowen et al. [50] have argued that the lack of effi-
cacy of such delivery systems may be due to the marked and rapid upregula-
tion of opioid receptors induced by naltrexone over the experimental time peri-
od; however, the exact mechanisms remain unclear.

In a few cases using repeated daily injections of naltrexone and discrete
ethanol access periods, the initial dose of naltrexone is ineffective and the
effect of naltrexone on ethanol consumption appears only after repeated dos-
ing [12, 51], or the effect of naltrexone on ethanol consumption increases over
time [52], suggesting an extinction by naltrexone of ethanol-reinforced behav-
ior [53]. In contrast, there are several reports of tolerance, or decreasing effi-
cacy over time, with repeated daily injections of naltrexone [37, 49, 54–56],
particularly when the initial dose was effective (1–6 mg/kg in a range of exper-
imental paradigms). Since other studies using similar [52, 57] or higher
(10 mg/kg [58, 59]) doses of naltrexone report no development of tolerance
over equivalent time periods, the interaction between the dose of naltrexone
and the development of tolerance is complex and involves other factors.
Undoubtedly, however, as for continuous delivery systems, tolerance can
develop to repeated daily injections of naltrexone and this has clear clinical
implications.

Acquisition and reinstatement of ethanol seeking behavior

Naltrexone has been shown to significantly retard the acquisition of ethanol
consumption [49, 57, 60]; however, in these studies ethanol consumption did
increase over time, probably reflecting the difficulty in maintaining opioid
receptor blockade with repeated naltrexone dosing and the development of tol-
erance. Ethanol consumption following a period of enforced deprivation from
ethanol – the so-called alcohol deprivation effect (ADE) – is also sensitive to
naltrexone, as noted previously [33, 39, 54], indicating a significant opioider-
gic component in this motivational state. Further, the reinstatement of ethanol-
seeking behavior by cues associated with the availability of ethanol has been
shown to be sensitive to naltrexone [51, 61–64]. The doses used in inhibiting
cue-mediated ethanol-seeking behavior are similar to those used to inhibit
operant ethanol self-administration (the protocol under which cue-mediated
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ethanol-seeking behavior is learnt); however, stress-induced reinstatement of
ethanol-seeking behavior is not affected by naltrexone at the same doses [62,
64], suggesting an important role for opioidergic signalling in cue- but not
stress-induced reinstatement. One study has reported that the post-shock
increase in ethanol consumption can be overcome by naltrexone [15]; howev-
er, in this study, unlike the reinstatement studies, the animals were able to sam-
ple ethanol; therefore, the effect of naltrexone may have been a post-ingestive
effect.

Specificity of action

The original toxicology study for naltrexone indicated that chronic naltrexone,
within the doses used to decrease ethanol consumption, was well tolerated in
rats and monkeys with no difference in body weight relative to control animals
in a timescale of weeks to months [2]. However, over a shorter timescale nal-
trexone has been shown to cause a reduction in food and fluid intake at doses
that are germane to the effects on ethanol consumption [65–71], although
interestingly, the reductions tended to be in situations of high motivation, such
as in fluid intake subsequent to deprivation [65] or injection of hypertonic
saline [66], or food consumption subsequent to deprivation [69] or in response
to a highly palatable diet (but not a control diet; [67]). Whereas some selectiv-
ity of naltrexone for ethanol consumption compared with water consumption
has been demonstrated on occasion [25, 72]; several reports have indicated that
when water or a sweetened solution are available concurrently with ethanol,
naltrexone has caused a significant decrease in both ethanol and water/sweet-
ened solution consumption [22, 30, 57, 58], although in most of these studies
[30, 57, 58] water/sweetened solution consumption recovered over days. In an
interesting study by Williams and Woods [27], the concentration of ethanol
was varied to alter the relative preference by monkeys for ethanol versus water.
When ethanol was the preferred solution, ethanol consumption was signifi-
cantly reduced by naltrexone; when water was the preferred solution, water
consumption was significantly reduced by naltrexone. The data clearly suggest
that under these conditions, naltrexone is most effective against the most rein-
forcing or salient solution.

Naltrexone has been shown to decrease ethanol self-administration under
operant conditions with no effect on cocaine self-administration [73].
However, in a recent set of studies, whereas naltrexone was ineffective in
decreasing food and phencyclidine self-administration when these were avail-
able only during operant sessions (while having a significant impact on ethanol
and saccharin self-administration) [26], naltrexone was able to decrease food
and phencyclidine responding when these were available after the self-admin-
istration session [28], an “open economy”. In other words, the post-session
availability weakened the apparent reinforcing value of these substances, thus
“allowing naltrexone to have greater effectiveness as an intervention” [28].
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This result has some resonance with other, previous studies; thus naltrexone
was shown to facilitate extinguishment of ethanol-seeking behavior (no
ethanol availability following responding, therefore a ‘weakened’ stimulus;
[51]). In contrast, the data would appear to be difficult to reconcile with the
relatively greater effect of naltrexone on food, water and ethanol consumption
under high motivational states [33, 67, 69]. Clearly, several levels of ‘need’ or
‘want’ are involved in these consummatory behaviors, not all of which can be
clearly delineated at this point in time but some of which appear to be sensi-
tive to naltrexone. In total, the data indicate that naltrexone may diminish sev-
eral motivated consummatory behaviors, not solely ethanol consumption, and
the relative impairment may depend on the motivational state and the extent to
which opioidergic signalling plays a role in mediating that specific behavior
within the brain.

Combination pharmacotherapy

In order to enhance the effect of naltrexone on ethanol consumption, several
attempts have been made to use naltrexone in combination with some other
drug to facilitate a decrease in ethanol consumption. Thus naltrexone has been
used in combination with the 5-HT3 receptor antagonists ondansetron [16] and
ICS 205-930 [74], the 5-HT2A receptor antagonist amperozide [72], the calci-
um channel inhibitor isradipine [54, 57], the selective serotonin reuptake
inhibitor fluoxetine [55], with fluoxetine and the thyrotropin-releasing hor-
mone analogue TA-0910 [38] and acamprosate [19]. In some of these studies
there was no additional benefit conferred by using naltrexone in combination
with another drug, possibly because ethanol consumption was already signifi-
cantly reduced by naltrexone – a ‘floor’ effect [19, 55, 57]. In contrast, in the
studies by Le and Sellers [16] and Rezvani et al. [38], the combination phar-
macotherapy produced a significant decrease in ethanol consumption whereas
individually the drugs had no significant impact. Such combinations may have
an advantage in overcoming the non-specific effects of naltrexone on food and
water consumption, and minimizing the development of tolerance, although
the timeframes under which the combinations were examined were usually
quite short.

Other interactions of naltrexone and ethanol

Naltrexone has been shown to cause a decrease in ethanol-induced place pref-
erence [37], indicating an interaction with the reinforcing properties of
ethanol. Interestingly, naltrexone has also been shown to counteract ethanol-
induced locomotor activity [75] and the hypnotic effects of ethanol in one
strain of mouse (the BALB/c mouse strain) but not in two others, the C57BL/6
and DBA/2 mouse strains [75]. However, the interactions between the behav-
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ioral effects of ethanol and naltrexone on the one hand, and naltrexone’s effect
on ethanol consumption on the other, remain uncertain. Although naltrexone
has been shown to cause an increase in aversive responses to the taste of
ethanol [20, 76, 77], whether this plays a role in naltrexone’s effect on ethanol
consumption is still unclear, as naltrexone has been shown to significantly
decrease intravenous self-administration of ethanol [12, 46]. Further,
Linseman [78] demonstrated that the peripherally-acting opioid antagonist
methylnaltrexone had no effect on ethanol consumption by rats in a limited
access paradigm, whereas naltrexone at the same doses caused a significant
decrease in ethanol consumption (although not precluding the possibility that
naltrexone alters the palatability of ethanol via a central nervous system mech-
anism). An obvious test would be to examine the effect of methylnaltrexone on
taste responsiveness to ethanol. Naltrexone has also been shown to cause a
small decrease in the absorption of ethanol [79].

Conclusions

Naltrexone has been shown to decrease ethanol consumption in a range of ani-
mal models. Naltrexone appears to be particularly effective in animal models
of relapse such as the alcohol deprivation effect or cue-induced reinstatement
of ethanol-seeking behavior. The effects of naltrexone are centrally mediated
and involve decreasing the rewarding value of ethanol (subsequent to con-
sumption), disrupting the neural signalling involved in mediating the connec-
tion between cues and ethanol-seeking behavior and increasing the perceived
aversiveness of ethanol’s flavor. The pre-clinical data indicating the develop-
ment of tolerance and lack of specificity for ethanol consumption (i.e., effects
on food and water intake) may indicate that naltrexone is best used in a lower
dose range in combination with other drugs; however, further work is needed
in this regard.
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History

Most medications used in the treatment of psychiatric disorders were discov-
ered by clinical serendipity rather than as laboratory models translated to clin-
ical use. Naltrexone took a different path. It was the subject of intense study
during the 1970s as scientists scrambled to understand the functions of the
newly discovered endogenous opioid system by specifically blocking opiate
receptors with naloxone or naltrexone. Both drugs had been developed to
reverse or block the effects of externally administered opiates such as heroin,
but they could also block internally produced opioids that act at the same
receptors. Altshuler presented an interesting study at the 1979 meeting of the
College on Problems of Drug Dependence [1] showing that naltrexone blocked
the self-administration of alcohol in rhesus monkeys. Interestingly, only 8 of
22 monkeys spontaneously self-administered intravenous alcohol, but these
alcohol-preferring monkeys consistently decreased their alcohol taking in a
dose-dependent manner when treated with naltrexone. This study was consis-
tent with the hypothesis that alcohol may release endogenous opioid peptides
that activate opiate receptors and contribute significantly to the reinforcement
produced by alcohol. The fact that alcohol was spontaneously self-adminis-
tered by only a minority of monkeys suggested genetic variation in this phe-
nomenon.

There were other studies beginning in the early 1980s that further con-
tributed to the development of a hypothesis concerning a linkage between
endogenous opioids and alcohol reinforcement and perhaps alcoholism and
these are reviewed in more detail elsewhere in this volume (Chapter by
Cowen). The view that condensation products of dopamine and alcohol-derived
aldehyde (tetrahydroisoquinolines) might be causing opiate effects was never
supported by data and did not play a role in motivating the first clinical study.
By 1983, there were sufficient clues in the animal literature for one of us
(CO’B) to request and receive permission to add alcoholism studies to his
Investigational New Drug Licence (IND) for naltrexone. The initial open label
experience treating alcoholics with naltrexone was encouraging; thus a formal
protocol was submitted to the Philadelphia Veteran’s Administration (VA)
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Medical Center human subjects review board. Initial efforts to obtain grant
funding from the manufacturer or from the National Institutes of Health (NIH)
were unsuccessful. Thus the formal study began with some support from a VA
Medical Research Center Grant (CO’B, PI) and a postdoctoral fellowship pro-
gram. Conducting the study proved difficult because clinical staff at the time
resisted the concept of a double-blind medication trial among alcoholics who
were also engaged in an intensive 12-step recovery process. Few patients were
enrolled until Joseph Volpicelli completed psychiatric training in 1985 and
joined the center as a new, enthusiastic post-doctoral fellow. Recruitment of
patients immediately increased and the first formal study was completed.

The first naltrexone study in alcoholics

Several unusual aspects of our first study should be mentioned. The patients
were all male veterans engaged in a day hospital rehabilitation program at the
Philadelphia VA Medical Center. Thus they came to the hospital five days per
week for the first month totaling about 25 h per week of time in the clinic.
Although they averaged about 20 years of heavy drinking, they were consid-
ered moderately well motivated because they were accepted for this intensive
program. The dose of 50 mg naltrexone per day was arbitrarily chosen because
this was the dose that we were using since 1973 for the prevention of relapse
to heroin addiction. We had no idea whether the same dose of naltrexone that
blocked the average dose of heroin could work on endogenous opioids theo-
retically released by alcohol. The major outcome measure, relapse to clinical-
ly significant drinking, was carefully chosen and defined. This was important
because many prior studies of alcoholism counted a single drink as a relapse.
If we had defined relapse as a single drink, there would have been no signifi-
cant difference between naltrexone and placebo. In this study relapse was
defined as 5 or more drinking days within one week, five or more drinks on a
single drinking occasion or coming to the clinic with a blood alcohol concen-
tration above 100 mg/dl. Over the 3-month course of the study, 54% of those
patients in the intensive day hospital program who received placebo met crite-
ria for relapse. Only 23% of those assigned to the naltrexone group relapsed
(Fig. 1). Craving for alcohol was significantly reduced in the patients random-
ized to naltrexone and liver enzyme levels were lower but not significantly dif-
ferent (P = . 08) than levels in control patients. These results were published in
a preliminary version [2] and in a complete version [3].

These results were initially met with great skepticism and publication of the
paper was delayed by negative reviews. Fortunately, Roger Meyer, a member
of the University of Pennsylvania Scientific Advisory Board at the time was
impressed by the original data and he joined with the team at Yale led by
Stephanie O’Malley to attempt a replication. O’Malley et al. [4] studied a sam-
ple of DSM III-R defined alcoholics who were recruited by newspaper adver-
tisements for once-weekly therapy using one of two manual guided therapies:
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coping skills/relapse prevention or supportive therapy. They also received
either naltrexone 50 mg daily or placebo in a two by two design. The sample
consisted of 97 patients who received medication for at least one week. They
were 74% male with an average age of 40 years and moderately severe alco-
holism. During the three-month trial, naltrexone was found to be clearly supe-
rior to placebo on measures of alcohol consumption. There was an interaction
between medication and type of therapy with the combination of naltrexone
and supportive therapy having the highest abstinence rate. If the patient did any
drinking, the coping skills group with naltrexone had a lower relapse rate. As
with the prior study at the University of Pennsylvania, the overall naltrexone
group had a significantly lower relapse rate and reported less craving for alco-
hol. At end point, naltrexone-treated patients had significantly lower aspartate
aminotransferase (AST) levels (indicative of alcohol-related liver dysfunction),
P < .05 with a trend toward lower alanine aminotransferase (ALT) levels
(P < .10), a finding consistent with their lower alcohol consumption.

Food and Drug Administration approval

The history of naltrexone’s approval by the Food and Drug Administration
(FDA) is unusual in that neither of the two above efficacy studies were initiat-
ed or funded by the drug’s manufacturer. There was no program to obtain FDA
approval for alcoholism, but a senior scientist at Dupont, Leonard Cook, was
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Figure 1 Relapse rates (as defined in the text) for the naltrexone hydrochloride- (closed circles) and
placebo-treated (open circles) groups across the 12 weeks of study [3].



scheduled to retire shortly after the studies’ publication. One of his retirement
awards was a golfing afternoon with the company president. Dr. Cook took
this opportunity to point out to the president that one of his medications was
effective against alcoholism. This prompted the president to direct his staff to
review the studies and initiate the appropriate requests to the FDA. Based on
these two studies, the FDA added alcoholism to the indications for naltrexone
and since it was then a generic drug, it granted three years of exclusivity to the
company. The medication was briefly promoted for the treatment of alco-
holism in the United States, but even now few American physicians are aware
of this treatment option and fewer still use it regularly. Indeed most prescrip-
tions written in clinical practice are only filled for 30 days with no refills [5].
Clinical researchers, however, have continued to study naltrexone for the treat-
ment of alcoholism and much additional knowledge has been developed.

Clinical trials

Since those first two studies, at least 25 additional controlled clinical trials
have been reported, in seven different countries using many different proto-
cols. While 22 of these trials showed a significant benefit for alcoholics ran-
domized to naltrexone, clearly not all patients showed a response. Two of the
largest trials showed no benefit for naltrexone over placebo [6, 7]. A third trial
was reported as negative based on self reports of drinking, but the group ran-
domized to naltrexone showed significantly lower gamma glutamyl transferase
levels, an objective sign of decreased alcohol drinking [8]. The 27 published
controlled trials are the subject of an intense review, analyzing their strengths
and weaknesses [9]. Most were relatively small sample size (<100 patients per
cell) and of relatively short duration (12 weeks). A review of the data from
these studies gives some direction to clinicians seeking guidelines for phar-
macotherapy of alcoholism.

Some authors have characterized the literature on naltrexone as inconsistent
and the effect size as “modest.” That is a fair characterization if one is com-
paring naltrexone for alcoholism to penicillin for pneumococcal pneumonia
(before the appearance of resistant strains). Perhaps a more appropriate com-
parison would be to major depression. Both depression and alcoholism are
behavioral disorders that are strongly influenced by environmental factors and
respond to psychotherapy to a significant degree. One significant difference in
the development of these two classes of agents is the funding support for the
research. A substantial number of the clinical trials for anti-depressant research
are funded by private industry, which has a significant financial reward for
favorable research findings. There is concern that this financial or business
incentive can lead to suppression of clinical trials that are not favorable to the
company. Even with the potential incentive to suppress negative findings,
“failed trials” where the active medication fails to beat placebo are common
[10, 11]. No one knows the proportion of trials that “fail,” but one estimate
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cited by a well-known depression researcher is 50% [12]. Thus the trials of
anti-depressants that are published are heavily weighted toward positive trials
and any attempt to calculate an effect size based on published trials would give
a highly inflated estimate. Naltrexone, in contrast, has a history of development
outside of the pharmaceutical industry as described above and investigators
tend to publish everything. A second significant difference in the development
of medication for addiction is the use of standard behavioral intervention for
both the placebo group and active medication group. In essence these trials test
the medication as adjunctive treatment and this has a consequence of produc-
ing seemingly high “placebo” response rates. In contrast, depression trials are
seldom done in combination with a behavioral intervention. Thus, the naltrex-
one trials have not been carefully designed to show the drug in the best light.

Calculation of a standard effect size in the case of a medication with this
much variability appears to be of dubious value. In a given patient sample,
some alcoholics find naltrexone to be a life-changing medication that enables
them for the first time to stop compulsive drinking. Others go right on drink-
ing with no apparent effect from the medication. In most patient samples, there
is a sufficient number of responders such that there is a difference in favor of
naltrexone that meets the 5% significance level or better. Why is there such
variability in response to naltrexone among alcoholics? We will begin by dis-
cussing heterogeneity in response to alcohol.

Heterogeneity in alcoholism

Alcoholism is well known as a heterogeneous disorder with variability in age
of onset, drinking pattern, family history, associated diagnoses and clinical
course. There is also a large variation in response to alcohol itself. Gamma-
aminobutyric acid (GABA), glutamate, dopamine, serotonin and opioid pep-
tides are involved in alcohol reinforcement [13]. It appears that the endoge-
nous opioid system plays an important role in some but not all individuals.
This was first noted in animal studies and was the reason that naltrexone was
tested in the first clinical trial. The existing data suggest that there is wide vari-
ability in the degree to which alcohol activates endogenous opioids.
Naltrexone is a very specific medication that has little affinity for any receptor
system except opiate receptors. It will have no effect in alcoholics whose ill-
nesses do not significantly involve the endogenous opioid system.

Both the animal and the human data are consistent with a straightforward
hypothesis concerning the mechanism of naltrexone’s action in alcoholism:
some but not all individuals react to alcohol by an activation of endogenous
opioids that have both peripheral and central effects. One central effect is the
production of reward or euphoria. Alcohol produces a specific activation of
reward systems when self-administered by animals. This is manifested by
increased extra-cellular dopamine measured by microdialysis in the nucleus
accumbens [14].
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The primary transducer that translates the alcohol signal into release of opi-
oids is still unknown. We have learned from animal models that opioid pep-
tides inhibit GABA inhibitory neurons in the ventral tegmental area (VTA).
This inhibition of the inhibitors of dopamine neurons in the VTA results in an
activation of these neurons and a release of dopamine in limbic reward path-
ways where these neurons project. The increase in dopamine in the nucleus
accumbens that occurs after alcohol self-administration in rats is blocked by
naltrexone pre treatment. The animal also stops taking alcohol, presumably
because the reward has been blocked.

In human subjects, endogenous opioids in the brain cannot be measured
directly. Gianoulakis [15] has studied plasma beta endorphin (BE) and has
shown a low baseline level in both abstinent alcoholics and in non-alcoholics
with a high risk of developing alcoholism because of a strong family history
of the disorder. This finding is supported by the report of Genazzani [16]
showing BE levels in the cerebrospinal fluid three-fold lower in alcoholics
compared to controls. The high-risk subjects showed a dose-related BE
response to alcohol in the laboratory (Fig. 2), an effect not seen in the low-risk
subjects [17]. In animals, both the central and pituitary endogenous opioid
response to alcohol has been observed, but only the pituitary response has been
verified in humans. Another study [18] showed that alcohol produces more
simulation (high) in non-alcoholics with a family history of alcoholism than in
subjects with no history of alcohol in the family. Pre-treatment with naltrexone
blocks this high during laboratory administration of alcohol under double-
blind conditions. This finding is consistent with patient reports during double-
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blind clinical trials stating that the expected high from drinking alcohol is
diminished when the patient is receiving naltrexone but not placebo [19].
There are additional data from human laboratory studies showing that pre-
treatment with naltrexone lessens desire for alcohol and quantity consumed
[20, 21].

Adherence to the medication regimen

A major variable in any clinical trial involving medication is the degree to
which the patients actually take the medication. Obviously the medication can-
not be expected to help if patients do not take it regularly. Most patients begin-
ning treatment for alcoholism are somewhat ambivalent about their motivation
to abstain from all alcohol. Thus missed doses are common. Several of the
studies reported as showing a significant benefit to the patients randomized to
naltrexone would not be positive on a “strict intent to treat” analysis [22, 23].
Of course, any system to measure adherence must be applicable to both drug
and placebo groups.

Another factor is medication side-effects. In one of the negative clinical tri-
als, adverse subjective effects seemed to play a major role [6]. Indeed, up to
10% of alcoholics may report nausea and this may be related to a kind of
“endogenous opioid precipitated withdrawal.” It is well known that naltrexone
precipitates withdrawal in opiate addicts even days after the last dose of an opi-
ate. Alcohol causes the release of endogenous opioids that may be displaced
by naltrexone due to its high affinity for opiate receptors. There is some evi-
dence that the more recent the last alcohol intake and the higher the dose of
alcohol, the more likely that nausea will occur with naltrexone ingestion [24].
There is also evidence that there may be an inherited sensitivity to opiate
antagonists, perhaps due to differences in baseline tone of the endogenous opi-
ate system. Non-alcoholic family members of alcoholics show increased sen-
sitivity to naloxone as measured by cortisol response [25].

A major recent advance in the use of naltrexone has been the development
of a depot preparation that provides effective blood levels for 30–40 days.
Three such products are currently in clinical trials and only preliminary results
have been published [26, 27]. The largest trial was just completed involving
624 subjects treated for 12 weeks [28]. It showed a highly significant effect in
male alcoholics (48% reduction, p < .0001) but no benefit for females.
Noteworthy was the minimal rate of side-effects. The slow release formulation
gives long lasting blood levels but no peak effect as is seen within the first 2 h
of an oral dose. Thus few patients complained of nausea and less than 2% had
an injection site reaction. It is hoped that a depot formulation will soon be
approved for general clinical use. With this advance, the problem of adherence
should be greatly improved.
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Pharmacology of naltrexone

Naltrexone was developed in the early 1970s as a treatment for heroin addic-
tion. The early clinical studies showed that it was a competitive antagonist of
heroin and other opioids. As information about the opiate receptor system was
developed, it was found that naltrexone had highest affinity for µ receptors, but
also affinity for κ and ∂ receptors (Tab. 1) [29]. This broad-spectrum effect on
opiate receptors may be important to its effect on alcohol drinking. Using a rat
model of drinking, Stromberg [30] showed that specific antagonists at µ and ∂
receptors were not as effective individually as naltrexone, which acts on all
three types of opiate receptors.

Naltrexone also has a long duration of activity at brain receptor sites.
Although the plasma half-life of naltrexone and its active metabolite Beta nal-
trexol is only 10–12 h, two studies using C11 carfentanil showed that one
50 mg dose blocks brain µ receptors for 48–72 h [31, 32]. This duration of
action is an advantage in that one or two missed doses would not necessarily
leave the patient unprotected. Of course the availability of a depot preparation
will add much more consistency to the long-term use of naltrexone.

Anti-craving effect

The first two clinical trials of naltrexone in the treatment of alcoholism meas-
ured craving for alcohol. Patients randomly assigned to naltrexone reported
significantly less craving and this predicted less alcohol use and a lower like-
lihood of relapse. Other studies that measured craving as a secondary outcome
measure also reported a similar effect. It is not clear how naltrexone could have
this effect. Craving is a subjective phenomenon which is also controversial
[33] Some have argued that craving has no meaning, but it is at least very inter-
esting that so often in these double-blind trials, craving reduction predicted
decreased alcohol consumption.
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Table 1. Naltrexone affinity at opioid receptor subtypes

Receptor binding Ki (nM)

Mu Delta Kappa

Antagonist:

Naltrexone 0.37 9.4 4.8

Agonists:

Morphine (µ) 38 510 1,900

DADL-enkephalin (δ) 150 1.8 >10,000

(–)-EKC (κ) 2.3 5.2 2.2

Schmidt, WK et al., Drug Alcohol Depend, 1985:14:339–362 [29]



Animal models have shown that placing a rat in a chamber where the ani-
mal has previously self-administered alcohol results in a conditioned increase
in dopamine (DA) before any alcohol has been received. Could this be a model
of craving? While naltrexone in this model has been found to block the DA
increase seen after alcohol ingestion, it did not block the conditioned DA
increase seen prior to alcohol availability.

Naltrexone has been reported to reduce craving elicited by cues that have
been previously associated with alcohol during a clinical trial [34]. In a labo-
ratory study, O’Malley [35] elicited craving by a priming dose of alcohol and
then offered alcoholics additional drinks. Those alcoholics pre treated with
naltrexone showed less craving and consumed fewer drinks than those pre
treated with placebo. The naltrexone group also showed more activation of the
hypothalamo-pituitary-adrenal axis. Naltrexone elevated cortisol in the base-
line period and higher cortical levels were significantly correlated with lower
craving throughout the experiment.

Psychotherapy

One of the major variables across studies was the type of psychosocial inter-
vention used in conjunction with naltrexone. Only one study referred patients
to primary care physicians with no psychotherapy or counseling [36]. The first
study [2, 3] consisted of patients in an intensive outpatient program or day
hospital. Abstinence was the goal and 12-step groups were a part of treatment,
but the program took pains to avoid having patients feel guilty over slips. In
the second study [4], patients received either coping skills or supportive ther-
apy and there was an interaction. Supportive therapy with naltrexone had the
highest abstinence rate, but of those who drank, coping skills with naltrexone
had the lowest relapse rate.

In reviewing all of the studies, it appears that tolerance of some drinking is
an important aspect of counseling. Those patients randomized to naltrexone
may remain completely abstinent, but commonly some drinking occurs. Since
the patients perceive less reward, they are less likely to continue drinking heav-
ily and thus they “slip” without a relapse. If this behavior is regarded in a
strongly negative manner by the therapist as might occur in a strict 12-step
program, the patient is more likely to become discouraged or even drop out of
treatment. Overall, the best results seem to occur in programs where therapy is
supportive and oriented toward medication adherence [37].

Genetics

Alcoholism has long been known to have a strong heredity component. In
addition to the elegant adoption studies over the past 30 years, there are more
recent studies dealing with non-alcoholic relatives of alcoholics that provide
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relevant information concerning the effects of naltrexone. The studies of
Gianoulakis and colleagues reviewed above demonstrate differences in sensi-
tivity of the plasma BE response to graded doses of alcohol. Blood alcohol lev-
els were similar between high-risk and low-risk subjects, but the BE response
to the same alcohol blood level was much greater in the high-risk subjects [15].
In a similar vein, King [18] found that high-risk subjects were more likely to
report stimulation (euphoria) than low-risk subjects with similar alcohol blood
levels in the laboratory and this stimulation was attenuated by naltrexone pre-
treatment, but not placebo. Family history has also been found to be a predic-
tor of clinical response to naltrexone in alcoholics [38, 39]

More recently, the A+118G polymorphism of the µ opiate receptor gene was
examined in alcoholics who had participated in naltrexone clinical trials [40].
In subjects of European descent, individuals with one or two copies of the
Asp40 allele treated with naltrexone had significantly lower rates of relapse
(p = 0.045) and a longer time to return to heavy drinking (p = 0.040) than
those homozygous for the Asn40 allele. There were no differences in overall
abstinence rates (p = 0.668), nor were there differences in relapse rates
between patients of the two genotypes among those assigned to placebo. The
A+118G polymorphism is of interest because functional differences have been
demonstrated both in vitro and in vivo. Bond and colleagues showed that, in
cell culture, mu-opioid receptors encoded by the Asp40 variant bind beta-
endorphin and activate G- protein coupled protein potassium ion channels
with three times greater potency than receptors encoded by the Asn40 variant.
Both Wand et al. and Hernandez-Avila et al. [41, 42] found that individuals
with one or two copies of the Asp40 allele had altered hypothalamic-pitu-
itary-adrenal (HPA) axis activation induced by naloxone, while Smolka et al.
[43] showed that individuals with the Asp40 variant display greater dopamin-
ergic sensitivity during acute alcohol withdrawal. The Asp40 allele has also
been shown to have a dose response association with frequency of drinking
among alcohol-dependent patients such that those homozygous for the Asp40
allele drink more often than those heterozygous or homozygous for the Asn40
allele [44].

Medication side effects

The most common side-effect of naltrexone is nausea and sometimes vomit-
ing. There is some evidence that this is related to quantity and recency of alco-
hol consumption as mentioned above. Beyond nausea, there is great concern
over the possibility of hepatic toxicity. When alcoholism was added to the indi-
cations for naltrexone in 1995, the FDA was concerned about a report of
increased liver enzymes reported in a trial of naltrexone in the treatment of
obesity. The patients were receiving 350 mg daily or seven times the normal
daily dose. The increase in enzymes was reversible and did not result in liver
damage, but it caused the inclusion of a “black box” warning about potential
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liver toxicity. Subsequently, naltrexone has not been found to produce hepatic
toxicity in clinical trials of alcoholism or heroin addiction. Actually the con-
verse is often true. Naltrexone produces a decrease in alcohol consumption and
with decreased alcohol, a true hepatic toxin, the liver profile improves.

Selection of patients

Faced with the treatment of a patient with alcoholism, a clinician must con-
sider whether a medication should be included in the treatment plan. Of course
detoxification is the first goal, but a long-term plan for prevention of relapse is
essential. Ideally there should be a psychiatric evaluation that includes assess-
ment of need for treatment in all the domains of the Addiction Severity Index
[45]. If a co-existing disorder is present such as depression, appropriate med-
ication should be prescribed. For specific relapse prevention, medication in
conjunction with psychotherapy should always be considered. Alcoholism is a
potentially fatal disease and it makes no sense to withhold effective therapy.
The choices in the United States at present are naltrexone, disulfiram and the
recently approved acamprosate. Depending on the circumstances and willing-
ness of the patient, disulfiram may be ideal. Many patients, however, are
unwilling to accept disulfiram. Naltrexone is generally more acceptable and
has the advantage of possibly reducing craving for alcohol. Furthermore, if the
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Figure 3. Survival analyses for time to relapse in subjects with one or two copies of the Asp40 allele
vs those homozygous for the Asn40 allele by medication group.



patient does drink, the pleasant effects of the alcohol may be less, but there
will be no adverse consequences of drinking such as those seen in patients
receiving disulfiram. Beginning in July 2004, acamprosate became another
possibility and more studies comparing the two medications are needed [46].
There is preliminary evidence [47] that specific types of alcoholics are likely
to respond better to naltrexone or to acamprosate and thus prospective studies
of the two medications involving well-characterized alcoholics are in order.

Based on clinical experience and evidence from clinical trials, naltrexone
seems to have greater efficacy in those with a family history of alcoholism.
Additional studies involving genotyping of alcoholics in clinical trials are in
order to determine whether the Oslin study described above can be replicated
and extended so that more precise patient selection can be based on genotype.
A large trial of depot naltrexone [28] found a strong gender effect with nal-
trexone being highly effective in males but not in females. Other selection fac-
tors seem to relate to medication adherence. Older alcoholics were more like-
ly to take medication regularly, come to appointments and show a strong
drug/placebo difference [48].
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Introduction

Acamprosate (calcium-bis-acetyl-homotaurinate, Campral®) was introduced
to the European market in the time between 1990 and 2000 and since then it
has been successfully applied in clinical relapse prevention as an anti-crav-
ing/anti-relapse drug in detoxified alcoholics. Numerous preclinical studies on
alcohol drinking and relapse behavior have been performed with acamprosate
[1, 2]. Besides the demonstration of its anti-relapse and anti-craving properties
it has been demonstrated that acamprosate neither produces discriminative
stimulus properties [3] nor does it produce place conditioning [4]. This implies
that acamprosate is lacking in any rewarding properties and cannot be used as
a substitution drug (see Chapter by Bachteler and Spanagel). The primary site
of action is the glutamatergic system [1, 2, 5] and it has been shown that N-
methyl-D-aspartate (NMDA) receptor subunits are modulated by acamprosate
[6]. Until the present, the detailed mode of action is still not clear; however, a
functional interplay with other glutamate receptors has recently been
described. Thus, Harris et al. [7, 8] described a novel site of acamprosate
action at metabotropic glutamate receptors, in particular at mGluR5.
Furthermore, a series of in vivo microdialysis studies on the interaction of
ethanol and acamprosate with brain taurine levels suggest that acamprosate
reduces the preference for alcohol in dependent animals through the release of
taurine [9–13]. The following paragraphs review animal studies on the behav-
ioral effects of acamprosate and provide insights into the latest research on
acamprosate, especially its relation to brain taurine and its action on the gluta-
mate system.

Animal studies – general characterization

As a therapeutic drug, acamprosate combines important characteristics: it nei-
ther exerts its actions by imitating alcohol’s reinforcing effects, nor does it
alter ethanol-induced hypothermia, taste-aversion or motor impairment [14].
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Rewarding effects of the compound itself could not be demonstrated in condi-
tioned place preference experiments in rats [4, 15], nor could it substitute for
or antagonize ethanol effects in drug discrimination experiments [3].
Furthermore, its effects are not psychotropic, sedative, anti-depressant or anx-
iolytic [16]. However, it is suggested that acamprosate reduces craving and
relapse that are associated with a hyper-glutamatergic state in the brain and the
phenomenon of conditioned withdrawal [17] and thus could be used as an anti-
craving/anti-relapse drug.

Attenuation of ethanol intake and relapse

The initial study on the effects of acamprosate was performed by Boismare et
al. [18], reporting a significant decrease in voluntary ethanol intake in rats,
daily treated with 0.26 and 0.52 mMol/kg Ca-acetylhomotaurine, respectively.
This effect could be inhibited by simultaneous administration of the
γ-aminobutyric acid (GABA) antagonist bicuculline, thus leading to the
assumption of an involvement of the GABAergic system. Acamprosate injec-
tions had no consequences on total fluid intake, but selectively affected alco-
hol preference.

These first results were confirmed by other studies [19, 20]. Although dif-
ferent experimental protocols were used, all studies consistently reported a sig-
nificant, dose-dependent reduction of ethanol consumption after chronic treat-
ment with doses of 100 and 200 mg/kg or acute treatment with 200 and
400 mg/kg acamprosate, respectively. A dose of only 50 mg/kg produced no
significant effect [21]. Water intake during chronic treatment remained unaf-
fected. However, Heyser et al. [22] reported an increasing water consumption
after an acute high dose of 400 mg/kg. The aforementioned effects were con-
firmed in more recent studies under operant and non-operant conditions [21,
23–26].

A generally accepted method for assessing relapse-like drinking behavior in
rats is the alcohol-deprivation model. Ethanol consumption in long-term
ethanol-experienced animals is measured after a period of imposed abstinence,
leading to a strong transient increase in alcohol intake, termed the alcohol dep-
rivation effect (ADE) [27, 28] (see also Chapter by Spanagel). Using this
model, administration of acamprosate to long-term alcohol-drinking rats dose-
dependently reduced the alcohol deprivation effect, and at the highest dose
(200 mg/kg), alcohol intake even dropped significantly below baseline levels
[29]. It should be emphasized that alcohol consumption after a deprivation
effect is more effectively reduced than during baseline drinking [25].
Furthermore, chronic injections of acamprosate were more effective in reduc-
ing the alcohol deprivation effect than acute single administrations [22]. In
conclusion, acamprosate reduces not only voluntary ethanol self-administra-
tion under free-choice and operant paradigms, but is also effective in reducing
relapse behavior, as measured by the alcohol deprivation effect.
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Only recently the anti-craving effect of acamprosate was demonstrated by
Bachteler et al. [30] in the reinstatement model, which in contrast to the ADE
model (relapse), measures the animals’ motivation to get the drug and thus
reflects craving for alcohol [31]. A stimulus is said to reinstate drug seeking,
if the animal restarts to lever press for the drug after an extinction phase, but
without the primary reinforcer “ethanol” being available. Administration of
acamprosate (100, 200 mg/kg) significantly and selectively attenuated
responding for ethanol at both doses after presentation with the ethanol-relat-
ed stimulus. It should however be noted that in the aforementioned reinstate-
ment paradigm, only the behavioral outcome of alcohol craving can be
assessed. The subjective state, associated with an incentive motivation to
administer the drug, remains unknown. In addition, it should be kept in mind
that not all patients are responding to acamprosate treatment, leading to relapse
despite medication. The potential role of acamprosate as a neuroprotective
agent in humans could furthermore support its use, as already proposed in dif-
ferent in vitro models [32–34], but also needs further investigation.

Involvement of the glutamatergic system in the action of acamprosate

The exact mechanism as to how acamprosate diminishes alcohol consumption
and reduces the likelihood of relapse is still not clear. Different neurobiologi-
cal pathways have been implicated in the etiology of alcohol dependence and
one pathway seems to involve the glutamatergic system [1, 35–37], where
chronic alcohol intake leads to compensatory changes. It is suggested that
acamprosate acts mainly on a hyper-glutamatergic state, yet having only little
effect on a “normal” glutamatergic state [17, 33, 38, 39].

Depending on the brain region and the rat strain, low doses of ethanol can
increase glutamate levels in the brain, whereas high intoxicating doses can
decrease glutamate levels [40]. The mechanism behind the inhibitory effect of
high intoxicating doses of ethanol on glutamate release is not clear. Although
multiple mechanisms have been implicated in this action, considering the
general inhibitory influence of GABA on glutamatergic neurotransmission, it
may be suggested that the inhibitory effect of ethanol on glutamate is due to
an initial increase of GABA release, which in turn inhibits the release of glu-
tamate. Whatever the mechanism might be, the inhibitory effect of high intox-
icating doses of ethanol leads to several adaptive responses within the gluta-
matergic system following its chronic administration. Indeed, extracellular
glutamate levels are enhanced during withdrawal [39, 41] and long-lasting
alterations in glutamate release mechanisms following chronic alcohol intake
have also been demonstrated. Thus, following a period of abstinence, ethanol-
conditioned stimuli can induce an increase in extracellular glutamate levels in
the amygdala [42], suggesting that conditioned responses to extracellular glu-
tamate may participate in environmental cue-induced craving and relapse
behavior.
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In several in vivo microdialysis studies, it has been shown that acamprosate
can reduce enhanced glutamate levels. Thus, rats which were alcoholized by
ethanol inhalation, exhibited enhanced extracellular glutamate levels in the
nucleus accumbens, whereas rats which were simultaneously alcoholized and
treated orally by acamprosate (400 mg/kg/day), failed to present the increase
in glutamate during ethanol withdrawal [41]. Acamprosate was also able to
decrease augmented glutamate release in the hippocampus following repeated
withdrawal episodes [39]. On the behavioral level, acamprosate reduced con-
text-dependent ethanol effects [43]. In conclusion, enhanced glutamate levels
which occur during withdrawal or conditioned withdrawal and which reflect a
hyper-glutamatergic state of the brain can be effectively blocked by acam-
prosate. This hypothesis has recently received further support by studying
transgenic mice, which exhibit a hyper-glutamatergic state in their brain and
show enhanced alcohol consumption compared to control wild-type mice
[44]. A threshold dose of acamprosate, which had no effect on alcohol drink-
ing in control wild-type mice, produced a strong reduction of alcohol intake
in the transgenic mice [44], demonstrating a causal relationship between a
hyper-glutamatergic system and enhanced alcohol intake as well as the action
of acamprosate.

Up to now it is not clear how acamprosate interferes with enhanced gluta-
mate levels. However, several studies have shown an interaction of acam-
prosate with glutamate receptors and it has been suggested that acamprosate
binds to the polyamine binding site of the NMDA receptor [45, 46] and to the
metabotropic mGlu5 receptor [7, 8]. This in turn might induce a cascade of
genomic processes [1, 6], which could finally alter glutamate release and re-
uptake mechanisms.

Acamprosate and taurine

Acamprosate presents chemical structural similarities with taurine and partic-
ularly shares a similar sulfur group (see Appendix: Chemical structures).
Interactions between the endogenous amino acid taurine and ethanol in the
central nervous system have been identified in recent years [38, 47]. The
amino acid taurine is synthesized from cysteine, and is present in cells at rela-
tively high concentrations in the mM range. Taurine is one of the most abun-
dant amino acids in the brain and plays an integral role in physiological
processes such as osmoregulation and neuromodulation. Thus, taurine exerts
positive allosteric modulatory effects on neuronal ligand-gated chloride chan-
nels (i.e., GABAA and glycine receptors) as well as inhibitory effects on other
ligand- and voltage-gated cation channels (i.e., NMDA and Ca2+ channels).
Neuroprotective and neuromodulatory functions have also been attributed to
taurine. Taurine has been shown to modulate cell excitability [48], to prevent
neuronal excitotoxicity [49], to protect neuronal membranes against different
toxic damages [50] and to regulate calcium homeostasis [51]. Together, all
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these protective effects result in the membrane stabilization properties of tau-
rine [52]. Behavioral evidence suggests that taurine can alter the locomotor
stimulatory, sedating, and motivational effects of ethanol in a dose-dependent
manner [38, 47]. Furthermore, microdialysis studies have revealed that in
response to ethanol, elevated extracellular levels of taurine can be observed in
numerous brain regions, an effect which is shared by acamprosate administra-
tion (Figs 1 and 2).

The administration of acute ethanol to rats increases the level of the
sulphonated amino acid taurine in many brain regions, including nucleus
accumbens [9, 10] (Fig. 1), hippocampus, frontal cortex [41] and amygdala
[11, 42]. The increase in taurine microdialysate level seems thus to represent a
global answer of the brain to an acute administration of ethanol. Chronic
administration of ethanol to rats leads to a progressive increase of the basal
level of taurine within the entire brain [10]. Exposure of primary astrocyte cul-
ture to iso-osmotic ethanol from 10 to 100 mM leads to cell swelling and the
release of taurine. Ethanol-induced cell swelling probably activates volume-
sensitive channels, and taurine passively diffuses outside the cells along its
concentration gradient [12].

The effect of ethanol on taurine has also been tested in Sardinian ethanol-
preferring (sP) and non-preferring (sNP) rats. The sP and sNP rats have been
selectively outbred from a population of Wistar rats for their high and low
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Figure 1. Effects of an acute IP injection of 1 and 3 g/kg ethanol (IP) or saline on extracellular tau-
rine levels in the nucleus accumbens in naïve rats. Data are presented as means + S.E.M. * indicates
significant differences to baseline.



ethanol consumption respectively [53]. Results indicate that ethanol at high
doses (2 g/kg) induced an immediate and significant increase in taurine micro-
dialysate content in the nucleus accumbens of both sP and sNP rats. However,
this ethanol-induced taurine release was significantly higher in sNP rats in
comparison to sP rats (Fig. 3). Furthermore, the differences in taurine respon-
siveness to ethanol in sP and sNP rats was not caused by differences in their
ethanol absorption, redistribution and elimination, as their blood ethanol elim-
ination followed a similar time course. It is noteworthy that sNP rats displayed
an ethanol-induced taurine release similar to that observed in Wistar rats, while
the responsiveness of taurine to ethanol administration in sP rats was signifi-
cantly lower. It is interesting to relate this to the pattern of ethanol consump-
tion in these rats, as Wistar and sNP rats are reluctant to consume ethanol,
while sP rats voluntarily drink large quantities of ethanol in a free-choice pro-
cedure [53], suggesting that there is an inverse relationship between the inten-
sity of ethanol-induced extracellular taurine release and ethanol preference.

Another in vivo microdialysis study was conducted to study the effect of
ethanol administration on brain taurine levels in High-Alcohol Sensitive
(HAS) and Low-Alcohol Sensitive (LAS) rats. These rat lines were used to test
whether the effects of acute ethanol on extracellular concentrations of taurine
might be related to genetic differences in ethanol sensitivities. HAS and LAS
rats from the University of Colorado were genetically selected according to
their differential sensitivities to the hypnotic effects of acute ethanol [54].
Using microdialysis in awake and freely moving animals, HAS rats displayed
a reduced ethanol-induced taurine release in comparison to LAS rats (Fig. 4).
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Figure 2. Effects of an acute IP injection of 100 and 400 mg/kg acamprosate (IP) or saline on extra-
cellular taurine levels in the nucleus accumbens in naïve rats. Data are presented as means + S.E.M.
* indicates significant differences to baseline.



Taurine responsiveness to ethanol was therefore inversely related to initial
ethanol sensitivity in these genetically selected rat lines. This result is unlike-
ly to be due to pharmacokinetic differences between HAS and LAS rats in
ethanol absorption, distribution and elimination, since no differences in blood
ethanol concentrations in these two lines of rats were observed [55]. Taurine
may contribute to the reduction of several ethanol-adverse effects and this may
thus explain why HAS rats show a reduced release of this regulatory amino
acid following ethanol administration. On the contrary, in LAS, a higher tau-
rine release may oppose some of the adverse effects of ethanol, thereby con-
tributing to their overall lower sensitivity to ethanol.

With respect to the effects of ethanol on brain taurine levels, similar obser-
vations have been made with acamprosate. Thus, the IP injection of 400 mg/kg
acamprosate induced a significant increase of extra-cellular taurine concentra-
tion in the nucleus accumbens lasting for 40 min (Fig. 2). An IP injection of
1 g/kg acamprosate induced an even larger increase in brain taurine lasting at
least 3 h following injection [38]. Pretreatment with acamprosate orally for 30
days in the drinking bottle at 400 mg/kg induced an augmentation of taurine
release in both sP and sNP rats. In this experiment, the acamprosate-pretreat-
ed sP group obtained brain taurine levels following ethanol injection similar to
the brain taurine levels in sNP rats, without a pretreatment of acamprosate sug-
gesting that the release of taurine after acute administration of ethanol in the
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Figure 3. Time course of extracellular taurine content of the microdialysate from the nucleus
accumbens before and after an acute intraperitoneal injection of 2.0 g/kg ethanol to either sNP or sP
rats. Data are expressed as mean (+ S.E.M.) percentage of baseline level which was calculated for
each rat by averaging the concentration of the three sample values before injection. *P < 0.05 rela-
tive to respective control group injected with saline; **P < 0.01 relative to respective control group

injected with saline; and C�C� P < 0.01 relative to sP rats.



sNP group could be involved in their avoidance of alcohol intake. These stud-
ies suggest that acamprosate reduces the preference for alcohol in sP rats
through the release of brain taurine.

In summary, the endogenous taurine system may be an important modula-
tor of the effects of ethanol on the central nervous system and might counter-
act some of ethanol´s adverse effects. Externally added taurine, such as in tau-
rine-supplementation studies [13], might therefore modulate ethanol con-
sumption, probably by preventing ethanol-adverse effects. The action of acam-
prosate on ethanol consumption might also be mediated, at least in part, by
taurine. However, it is still unclear how and where taurine acts, as is the rela-
tionship between taurine and glutamate.

Conclusion

To achieve its therapeutic effects, acamprosate may act on several neurochem-
ical systems. However, there is a clear interaction with the glutamatergic sys-
tem and there is convincing evidence that acamprosate effectively reduces a
hyper-glutamatergic state, which may trigger, at least in some alcoholic
patients, craving and relapse. Whether this dampening effect on a hyper-gluta-
matergic state is due to binding on the polyamine site of the NMDA receptor
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Figure 4. Time course of extracellular taurine content of the microdialysate from the nucleus accum-
bens before and after an acute intraperitoneal injection of 2.0 g/kg ethanol to either LAS or HAS rats.
Data are expressed as mean (+S.E.M.) percentage of baseline level which was calculated for each rat
by averaging the concentration of the three sample values before injection. ** P < 0.01 relative to
respective control group injected with saline; and C�C� P < 0.01 relative to HAS rats.



or mGluR5 and the thereby induced cascade of genomic processes, remains to
be further investigated. Furthermore, the relationship between the effects of
acamprosate on the endogenous taurine system and a hyper-glutamatergic state
is still not well understood; however, it might be due to taurine producing a
protective effect in this respect. A better understanding of the precise mode of
action of acamprosate would help in identifying treatment responders (indi-
vidually adapted pharmacotherapy; see also project PREDICT in the Chapter
by Mann) and could lead to compound optimization.
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Acamprosate: clinical data
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Development and first testing

Around 1982 French pharmaceutical companies started to synthesize amino
acid neuromediators. In a close collaboration with several universities a num-
ber of taurine and homotaurine compounds were investigated. The regular
screening procedures provided evidence that one molecule in particular, calci-
um acetylhomotaurinate, provided some interesting pharmacological proper-
ties. Acamprosate was consequently tested in an animal model of alcohol
relapse at the University of Rouen. Administration of acamprosate to alcohol-
preferring rats reduced their alcohol consumption significantly compared to a
group of control rats. The results of this study were presented at the second
International Society for Biomedical Research on Alcoholism (ISBRA)
Conference in Santa Fe [1]. Acamprosate was further tested in another animal
model of alcoholism where it again revealed a significant dose-dependent
reduction of voluntary alcohol consumption (Le Magnen et al. [2]).

The first clinical studies in patients with alcohol problems were also carried
out in the early 1980s in France. The positive results in men were published in
the Lancet [3]. A larger multi-center double-blind placebo-controlled study in
569 detoxified alcohol-dependent patients over a three month treatment period
also showed a significant benefit of acamprosate over placebo [4]. Upon these
results the French health authorities registered acamprosate in 1989.
Marketing in France started under the brand name “Aotal”. At the same time
the health authorities asked for additional assessments especially on the long-
term efficacy of the molecule. At this stage the developing company was
joined by Groupe LIPHA (today an affiliate of Merck KgA) for the further
development of the compound. A clinical program was launched in different
research centers throughout Europe. More than 4000 alcohol-dependent
patients have been treated meanwhile in studies of 3, 6 or 12 months duration
[5, 6]. Today the compound is registered in about fourty different countries
worldwide and more than 50 million patients have been treated. In August
2004 the FDA approved acamprosate for use in the USA, twenty years after
the first report in Santa Fe.
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Pharmacology of acamprosate

Acamprosate (calcium acetylhomotaurinate; Campral®, Merck-Santé, Lyon,
France) has a molecular structure similar to that of several endogenous amino
acids. Its mechanism of action as an anti-dipsotropic agent is not entirely clear,
although its main interactions appear to be with the glutamatergic system
[7–10]. It modulates the NMDA receptor function [11, 12]. There is further
evidence of an additional binding site on the metabotropic mGluR5 receptor
[13]; this receptor has been implicated in addictive processes, modulates glu-
tamatergic neurotransmission and interacts with the NMDA receptor. It is like-
ly that these effects of acamprosate on the polyamine binding sites and
mGluR5 receptors attenuate glutamatergic hyperexcitability [14, 15]. For
details of the preclinical studies see the adjacent chapter by Spanagel in this
book.

Randomized controlled studies in patients

The effects of a therapy on total abstinence from or a reduction in alcohol con-
sumption are the major determinants of efficacy in alcohol-dependent individ-
uals (Fig. 1). There are a number of ways in which this can be measured (see
Kranzler, this book), and several have been used in the published acamprosate
trials [6]. Continuous abstinence, defined as abstinence from randomization to
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Figure 1. Complete abstinence in 17 randomized controlled trials.



study end, is the most stringent and rigorous of these, and is considered to be
the desired treatment goal (Fig. 1) Continuous abstinence also has the advan-
tage of being a simple binary outcome parameter, viz., success or failure. This
means that its allocation does not depend on arbitrary definitions of what con-
stitutes a relapse to drinking, or on inter-trial differences in data analysis.
However, the required assimilation of patients who exit the trial early, for
whatever reason, to treatment failure, reduces the specificity of the measure.

In most of the acamprosate clinical trials, Cumulative Abstinence Duration
(CAD), which provides an estimate of the proportion of abstinent days over the
total length of the trial, has been used as the main efficacy endpoint (Fig. 2).
This measure encompasses all patients at all time points during study partici-
pation and allows for minor lapses in abstinence without categorical assess-
ment as a treatment failure. However, CAD is a difficult measure to compare
between trials, because of lack of standardization in the methods used to col-
lect information on daily alcohol consumption and the methods used to calcu-
late the CAD proportion.

This drug has been evaluated in over 3000 patients in eighteen placebo-con-
trolled clinical trials in Europe and one in South Korea. A further study has
been performed in the United States of America, whose results have not yet
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Figure 2. Cumulative abstinence duration (%) in randomized controlled trials (modified after [5]).



been published. Nine of these studies included over one hundred patients per
arm. The majority of the studies use the proportion of patients remaining absti-
nent at the study end (Fig. 1), the cumulative abstinence proportion (i.e., the
number of abstinent days expressed as a proportion of total study days (Fig. 2),
the time to first drink (Fig. 3), or a combination of these, as the primary out-
come variables.

These studies have produced consistent results showing acamprosate treat-
ment to be superior to placebo in maintaining abstinence. In all but three pub-
lished controlled clinical studies, the proportion of treated patients abstaining
at the end of the study was roughly twice as high as for patients receiving
placebo. Treatment periods of up to a year were studied. In addition, two stud-
ies [16, 17] evaluated long-term abstinence one year after the end of the treat-
ment period and shown the treatment effects to be maintained. Two of the neg-
ative studies [18, 19] were small, and could have been underpowered; one also
used a two-month treatment period, [19] which was lower than that of all the
other studies. The absence of effect in the other negative study by Chick et al.
[20], which was the largest of all published trials with acamprosate, may be
attributable to the latency in initiating treatment. The study drug was intro-
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Figure 3. Time to first drink (days) in randomized controlled trials (modified after [6]).



duced after a long stabilisation period (25 days) which followed acute wean-
ing. However, during this period, a substantial proportion of patients had
already resumed drinking. This was the only study that used such a design.
However, there was some evidence for a reduction of craving in patients treat-
ed with acamprosate in this study, as well as in the studies of Pelc et al. [21]
and Paille et al. [22].

An evidence-based medicine approach has also been brought to bear on the
efficacy data for acamprosate. In the systematic review of Garbutt, which
analysed all data available up to 1997 [23], it was concluded that the proof of
efficacy for acamprosate was strong, with the most consistent finding being a
decrease in drinking frequency, with several studies reporting abstinence rates
to be doubled. A literature-based meta-analysis, comparing eleven randomised
clinical trials has also concluded that acamprosate is efficacious in reducing
alcohol consumption [24]. In a more recent meta-analysis, in which the origi-
nal clinical trial data from seventeen trials were re-analysed, Mann et al. [6]
also concluded that acamprosate was effective, and suggested that the treat-
ment effect could increase with time (see also below).

Five (four earlier and one recent) meta-analyses on the efficacy of acam-
prosate in the treatment of alcohol dependence have been undertaken, all of
which have concluded that acamprosate is effective in maintaining abstinence
in detoxified alcohol-dependent individuals [24–28]. However, the first four
meta-analyses were limited in their conclusions, as they were based almost
exclusively on literature reports.

The aim of the most recent meta-analysis [6] was to undertake a more exten-
sive analysis of the relative benefit of acamprosate in alcohol-dependent indi-
viduals using the studies published to date, supplemented, where possible, by
data obtained from the manufacturer’s in-house reports.

The relative benefit (relative risk) was 1.47% with continuous abstinence
rates at 6 months of 36.1% acamprosate and 23.4% placebo. The numbers
needed to treat (NNT) for one successful outcome calculated for all 17 studies
at 6 months were 7.78 and at 12 months 7.5 (see Fig. 4).

Cost–effectiveness

Data on the cost-effectiveness on different treatment approaches in the alcohol
research field are still extremely scarce. First attempts for an economic evalu-
ation of acamprosate treatment compared with placebo showed favourable
results for acamprosate [29]. The authors based their analyses primarily on the
Austrian double-blind RCT [17]. They came up with net cost saving of
528 C�/patient in the 24-month treatment and aftercare period. This would mean
a global anticipated net saving of 1.74 million C� over two years for the Belgian
health insurance system. With reference to the total costs of alcoholism these
estimations may represent a significant potential for cost savings [30].
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Combining acamprosate and other medications

The effects of acamprosate and naltrexone appear to relate to different aspects
of drinking behaviour, with the former stabilising abstinence and the latter
decreasing alcohol consumption [5]. There are little direct comparative data on
the relative benefits of the two treatments. A recent head-to-head study per-
formed in Spain by Rubio et al. [31] suggested that naltrexone was more effi-
cacious in preventing relapse to heavy drinking. However, the conclusions
from this trial should be treated with caution, since the study was not blinded
and there was imbalance in the drop-out rate. In another study performed in
Germany, which did not have these methodological limitations, a combination
of naltrexone and acamprosate was compared to each drug alone and to place-
bo [32]. Both naltrexone and acamprosate alone increased the time to first
drink and the time to first relapse into heavy drinking compared to placebo,
and there was no significant difference observed between the effects of the two
drugs. The combination of both drugs was about 4 × more effective than
placebo. A larger comparative study addressing this issue involving more than
1300 patients, “The COMBINE Research Group” [33], is currently underway
in the United States of America. A small (28 patients) short-duration (one
month) study in Italy [34] compared acamprosate with fluoxetine and found
both agents to reduce alcohol consumption, although the small number of
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tinuous abstinence rates at 6 months and relative benefit ratios and their 95% confidence limits in 17
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mined using the random model of DerSimonian and Laird (1986).



patients involved limit the interpretation of the data. Besson et al. [35] con-
ducted a RCT with acamprosate versus placebo. Both groups were stratified
for concomitant voluntary use of disulfiram. Acamprosate was significantly
better than placebo. Additional disulfiram improved this result further.

Acamprosate and psychotherapy

Although the concomitant use of psychotherapy was not standardised in the
early studies of acamprosate, the fact that efficacy was indeed demonstrated
suggests that efficacy is manifest irrespective of the psychotherapy regime
used. This idea is also supported by a recent open-label study of acamprosate
which found that abstinence duration was essentially similar across five dif-
ferent forms of psycho-social support [36], although it should be pointed out
that allocation to psychotherapy groups was not randomised. However, a sim-
ilar result was obtained in another randomized study comparing cognitive
behavioural therapy versus minimal motivational support [37]. The authors
found no additional effect of behavioural therapy over minimal support. So the
question remains open of how much and what kind of additional psychothera-
py should be offered. The issue is also being addressed in the ongoing COM-
BINE study [33].

Feeney et al. [38] conducted an interesting study where an established treat-
ment program with Cognitive Behavioural Treatment (CBT) for alcoholics in
Australia was compared with the same program and additional administration
of acamprosate. Whereas program attendance in both groups was similar,
relapse rates occurred significantly sooner and more frequently in the CBT
group alone. Alcohol abstinence after 12 weeks was 38% (CBT + acam-
prosate) compared with 14% (CBT alone)

Conclusions and perspectives

Acamprosate is the most widely validated treatment medication for alcohol-
dependent patients. Nevertheless, several questions remain unanswered. (i)
The combination issue with naltrexone and other psychotropic medications
deserves further attention and study. (ii) Despite the significant benefit, the
effect sizes are only in the modest to moderate range. This means that there is
certainly room for improvement. One attempt could be to identify potential
acamprosate responders a priori. Such a study is currently being undertaken in
PROJECT PREDICT [39]. Based on the assessment of biological variables,
including neuroimaging and neuro-physiological measures as well as ques-
tionnaires, the prediction of acamprosate or a naltrexone responder is made.
Consequently all 432 patients are randomized to acamprosate, naltrexone or
placebo. This study is closely linked to preclinical research, where predictors
for treatment response to several drugs are tested [40].
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Introduction

Evidence for a role of the brain serotonergic system in alcohol dependence was
first reported in 1968 by Myers and Veale [1]. Depletion of brain serotonin by
treatment with parachlorophenylalanine (pCPA), a serotonin synthesis
inhibitor, produced a strong and long-lasting suppression of alcohol consump-
tion in rats. Since that time, the involvement of brain 5-HT in alcohol depend-
ence has been studied extensively. Over the years, a variety of neurobiological
approaches have been used to investigate the role of 5-HT in alcohol self-
administration. Early work was dominated by studies examining the effects of
lesioning the central serotonergic system by the administration of selective
neurotoxins such as 5,6- and 5, 7- dihydroxytryptamine (DHT) to destroy
5-HT terminals [2]. These studies were followed by the extensive examination
of the effects of raising 5-HT levels with serotonin precursors such as trypto-
phan or 5-hydroxytryptophan [3] or with selective serotonin reuptake
inhibitors (SSRIs) [4]. The vast literature on the effects of 5-HT manipulations
on alcohol consumption in experimental animals has been a subject of many
excellent reviews [5–7]. In general, it can be said that although there are some
inconsistencies in the literature, the preclinical data generated over the last
three decades strongly suggest that the brain 5-HT system plays a significant
role in alcohol consumption and that manipulations that augment 5-HT func-
tion reduce alcohol consumption [5–7].

Over the last few years many advances have been made in understanding the
potential mechanisms underlying the role of 5-HT receptors in alcohol con-
sumption. The 5-HT1, 5-HT2 and 5-HT3 receptors and associated subtypes
have received the most attention. To a great extent, these advances can be
attributed to the development of new agents that have high selectivity for these
receptor types and subtypes as well as the availability of transgenic mice with
selective deletion of these receptors. The involvement of these 5-HT receptor
types and subtypes in alcohol consumption will be the focus of this chapter.

Relapse is the major clinical problem in the treatment of alcohol abuse, as
up to one-half of alcoholics relapse shortly after detoxification [7]. Most pre-
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clinical studies examining the role of 5-HT in alcohol abuse, however, have
focused on the initiation or maintenance of alcohol consumption. The major
reason for the absence of studies on relapse was in part due to the absence of
appropriate animal models. In addition, there was a common belief that an
understanding of the role of 5-HT systems in the initiation and maintenance of
alcohol consumption would lead to development of 5-HT-based pharma-
cotherapies for all aspects of alcohol dependence. Over the last five years, a
number of animal models for relapse to alcohol have been developed and some
pharmacological studies concerning the effects of 5-HT compounds on relapse
to alcohol have been carried out [8].

In this chapter we will first examine the recent preclinical literature on the
involvement of 5-HT1, 5-HT2, and 5-HT3 receptor types or subtypes on alco-
hol consumption. We will then examine existing studies concerning the
involvement of the 5-HT system in relapse to alcohol.

5-HT receptor types and subtypes in alcohol consumption

Our understanding of the 5-HT receptor systems has progressed considerably
over the last decade. There are seven families of 5-HT receptors, and at least
14 distinct receptor subtypes have been characterized, the majority of which
appear to have functional roles in the central nervous system (CNS) [9]. Of
these various receptors, the functional involvement of 5-HT1, 5-HT2 and 5-HT3

subtypes in alcohol intake have been examined in detail due to the availability
of selective ligands.

5-HT1A

The 5-HT1A receptors occur at high densities in 5-HT cell body areas, particu-
larly in the dorsal and the median raphe nuclei where they function as inhibito-
ry autoreceptors. They are also found in various forebrain areas known to be
involved in the effects of abused drugs, including the frontal cortex, amygdala,
hippocampus and septum where they function as postsynaptic receptors [9, 10].
This distribution is consistent with a role for this receptor in mediating the
effects of 5-HT on cortical and limbic structures and also in modulating the
activity of 5-HT neurons. Stimulation of 5-HT1A receptors produces complex
changes in the activity of 5-HT systems, depending on the doses of drugs
employed or where they are administered. For example, peripheral administra-
tion of low doses of 8-hydroxy-2-di-n-propylamino tetralin (8-OH-DPAT), a
prototype 5-HT1A receptor agonist, or its central injection directly into the
median and dorsal raphe, activates 5-HT1A autoreceptors resulting in decreas-
es in 5-HT cell firing and 5-HT release in terminal regions [10].

Evidence for the involvement of 5-HT1A receptors in the regulation of alco-
hol drinking derives from two experimental strategies: a) evaluation of 5-HT
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activity and 5-HT1A receptor binding in rats that have been selectively bred for
high and low alcohol consumption, and b) pharmacological manipulation of
5-HT1A activity. Lower densities of 5-HT1A receptors were found in the dorsal
and the median raphe nuclei of alcohol-preferring P rats compared to alcohol
non-preferring NP rats, strains selectively bred for high and low alcohol con-
sumption respectively [11]. This lower density of 5-HT1A autoreceptors in the
P rats is consistent with the observation of lower numbers of 5-HT neurons in
P compared to NP rats [11].

Treatment with a range of chemically diverse 5-HT1A receptor agonists such
as 8-OH-DPAT, ipsapirone or gepirone has been shown to reduce alcohol
intake in a variety of experimental procedures used to assess alcohol con-
sumption [12–21]. The most common 5-HT1A receptor agonist, 8-OH-DPAT,
in doses ranging from 0.125 to 2.5 mg/kg has been shown to suppress alcohol
intake in various animal models of alcohol consumption including two-bottle
choice drinking or operant self-administration [12–14, 18, 19] in different
strains of rats including those selectively bred for high and low alcohol con-
sumption. Low doses of 8-OH-DPAT (0.03 to 0.06 mg/kg), however, have
been shown to stimulate alcohol intake in a limited access drinking procedure
when access to alcohol solution was restricted to 60 min per day [13, 14]. Such
stimulation of alcohol consumption induced by low doses of 8-OH-DPAT has
been attributed to the selective stimulation of 5-HT1A autoreceptors located in
the raphe nuclei, as direct infusions of 8-OH-DPAT into the dorsal or median
raphe also enhance alcohol intake [12]. The stimulation of alcohol intake
induced by 8-OH-DPAT in the dorsal raphe is more selective to ethanol as it
did not increase water intake, whereas infusions of 8-OH-DPAT into the medi-
an raphe increase both water and alcohol intake. Direct infusion of 8-OH-
DPAT into the dorsal raphe, however, has been shown to reduce alcohol intake
in the 8 h period following infusion [15]. The discrepancy in these findings
might be related to a number of factors ranging from the strain of rat used, the
nature of the alcohol drinking procedure and most importantly, the doses of
8-OH-DPAT employed. The effects of 0.1 to 2.5 µg 8-OH-DPAT injected into
the dorsal raphe were used to assess alcohol intake in Wistar rats during a
40 min period in the Tomkins et al. study [12], whereas alcohol intake in AA
rats selectively bred for high alcohol intake was measured following infusion
of 10 µg into the dorsal raphe in the Schreiber et al. study [15].

The highly selective 5-HT1A receptor antagonist WAY 100635 in doses
ranging from 0.05 to 0.5 mg/kg has been shown to suppress alcohol intake in
female P rats [16]. The suppression of alcohol intake, however, was not dose-
dependent, and the effect was not seen at a higher dose of 1 mg/kg. Tomkins
and co-workers [17] also found that the 1 mg/kg dose of WAY 100635 did not
alter alcohol self-administration in Wistar rats. It is possible that the absence
of the effect of WAY 100635 at the high dose might be due to the loss of its
specificity at the pre-synaptic 5-HT1A autoreceptor. 8-OH-DPAT or ipsapirone,
at doses which reduced operant alcohol self-administration, have also been
shown to suppress responding for water or saccharin [18, 19], suggesting that
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these compounds might reduce alcohol self-administration through a non-spe-
cific mechanism. Other studies, however, indicate that 8-OH-DPAT, adminis-
tered at doses that suppress operant alcohol self-administration [20] or operant
responding for a conditioned reinforcer, did not affect locomotor activity or
responding on the lever that was not associated with conditioned reinforce-
ment [21], indicating that 8-OH-DPAT might suppress responding for alcohol
through a specific mechanism.

The involvement of post-synaptic 5-HT1A receptors in alcohol consumption
is unclear. Direct infusions of 5-HT1A agonists to the raphe as well as to other
brain structures such as dorsal and ventral hippocampus, amygdala, septum
and striatum have been used to dissociate the contribution of pre- and post-
synaptic 5-HT1A receptors to their anxiolytic and antidepressant actions [10].
While it is clear that pre-synaptic 5-HT1A receptors can modulate alcohol
intake, the nature of the involvement of post-synaptic 5-HT1A receptors in alco-
hol consumption remains to be determined. To our knowledge, there are no
reports in the literature of studies specifically designed to examine the effect
of direct infusions of 5-HT1A receptor ligands in limbic brain structures on
alcohol intake. Such studies are necessary to clarify the role of post-synaptic
5-HT1A receptors in the regulation of alcohol consumption.

5-HT1B

5-HT1B receptor binding is localized primarily to sites in the basal ganglia,
including the ventral pallidum, globus pallidus, substantia nigra and in the lim-
bic system, most notably the dorsal subiculum of the hippocampus [22]. The
mRNA for the receptor, on the other hand, is found in the cingulate and
entorhinal cortex, nucleus accumbens, striatum, subthalamic nucleus, hip-
pocampus, raphe nuclei and cerebellum [23]. Lesion and electron microscop-
ic studies have localized the 5-HT1B receptors to axons and terminals [23, 24],
so it is likely that the mismatch between receptor binding and mRNA reflects
the fact that the receptors are transported away from the cell body after syn-
thesis. The localization of the 5-HT1B receptors to terminals is consistent with
the results of in vitro studies showing that the release of a variety of transmit-
ters is modulated by 5-HT1B receptors, including gamma aminobutyric acid
(GABA), substance P, glutamate and acetylcholine [25–28]. 5-HT1B receptors
also regulate the release of 5-HT from the terminals of the midbrain raphe pro-
jection neurons in the forebrain [29].

A number of approaches provide converging evidence that the 5-HT1B

receptor is linked to alcohol dependence. Studies examining the effects of
5-HT1B receptor agonists point to the involvement of 5-HT1B receptors in alco-
hol preference and intake in laboratory animals. Administration of the mixed
5-HT1B/2C agonist mCPP was reported to reduce both alcohol and water intake
in a two-bottle, limited access design [30]. In a more recent study, done using
a similar design, mCPP reduced alcohol, water and food intake [31]. These
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results with mCPP suggest that activation of 5-HT1B/2C receptors may produce
global effects on consummatory behaviors. Using a limited access operant
design, however, Wilson et al. [20] found that another mixed 5-HT1B/2C ago-
nist, TFMPP, reduced operant responding for alcohol selectively at the lower
doses tested; at higher doses, locomotor activity was also decreased. In agree-
ment with these findings, Maurel et al. [31] reported that mCPP and another
5-HT1B agonist, CP-94,253, selectively reduced responding for alcohol. Using
a more detailed analysis of the receptors involved, Tomkins and O’Neill [32]
found that the mixed agonists at 5-HT1B/1A receptors, CGS12066B and
RU24969 reduced operant responding for alcohol. They showed that at lower
doses, RU24969 selectively reduced alcohol intake, as these doses did not
affect the responding of animals trained to self-administer saline. Importantly,
Tomkins and O’Neill [32] demonstrated the dependency of these effects on the
5-HT1B receptor as the selective 5-HT1B antagonist GR127935 blocked the
effects of RU24969.

Genetic studies have also provided evidence for the involvement of 5-HT1B

receptors in alcoholism, although there are some inconsistent findings. In
humans, variations in the gene coding for the 5-HT1B receptor have been linked
to alcoholism in a subset of alcoholics with antisocial behavioral traits [33]. In
mice, a mapping study showed that a locus associated with alcohol preference
was found at the precise location of the 5-HT1B receptor gene [34]. The results
of studies on alcohol intake in mice with targeted gene knockouts of the 5-HT1B

receptor are controversial. In an initial study, 5-HT1B–/– mice were shown to
have greater preference for and spontaneous consumption of alcohol than wild
type controls [35]. The same group later failed to replicate this finding [36].
Other studies have also found that 5-HT1B-deficient mice do not differ in these
parameters [37]. At present, the reasons for these inconsistencies are not clear.

5-HT2A

5-HT2A receptors are expressed throughout the rat CNS including several
regions involved in alcohol- or drug-related behaviors. Studies using receptor
autoradiography, immunohistochemistry and in situ hybridization have
demonstrated that 5-HT2A receptors are expressed at high levels in the frontal
cortex, nucleus accumbens, septum, amygdalar nuclei, hippocampus, hypo-
thalamus, ventral tegmental area (VTA) and raphe nuclei [38, 39].
Administration of agonists active at the 5-HT2A receptor such as 2,5-
dimethoxy-4-iodoamphetamine (DOI) [40, 41] have been shown to reduce
alcohol intake using a 24 h access procedure. Maurel et al. [40] replicated their
earlier finding in showing that the 5-HT2A agonist DOI significantly and selec-
tively reduced operant responding for alcohol. Interestingly, antagonists such
as amperozide, FG 5974, MDL 100,907, mianserin and ritanserin also reduce
alcohol intake [31, 40–42]. A likely reason for this discrepancy is that the
drugs have affinity for other subtypes of 5-HT receptors.
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Downregulation of 5-HT2A receptors in discrete brain areas with microin-
jections of antisense have been shown to have significant effects on alcohol
intake. Blakley et al. [43] found that chronic infusion of 5-HT2A antisense via
osmotic minipumps intracerebroventricularly, or directly into the central
amygdala (CeA) significantly reduced alcohol preference and intake in a 24 h
access design. Antisense treatment of the prefrontal cortex (PFC), on the other
hand, significantly increased alcohol preference and intake. The specificity of
these effects is called into question, as changes in saccharin preference in the
same direction as the effects on alcohol were observed. Antisense application
to the hippocampus or dorsal raphe nucleus did not affect either saccharin or
alcohol preference or intake.

5-HT2C

The 5-HT2C receptor is expressed in a number of brain areas related to drug
reinforcement including the frontal cortex, septum, hippocampus and amyg-
dala [39, 44]. There are few studies examining the effects of 5-HT2C selective
drugs on alcohol preference or consumption. Tomkins et al. [17] showed that
the 5-HT2C agonist Ro60-0175 reduced operant responding for alcohol, and
that this effect was blocked by the selective 5-HT2C antagonist SB242,084. The
antagonist also blocked the reduction of responding for alcohol induced by the
5-HT releaser dexfenfluramine. SB242,084 alone increased responding for
alcohol. These compounds also had effects on blood alcohol levels, with the
agonist decreasing and the antagonist increasing alcohol concentration.

5-HT3

Of the 5-HT receptors, the 5-HT3 receptor is the only one linked to an ion-
gated channel. 5-HT3 receptor binding is found at low levels throughout corti-
cal and subcortical structures as revealed by autoradiographic mapping tech-
niques [45, 46]. In situ hybridization and immunohistochemical analysis reveal
that 5-HT3 receptors are expressed in a large proportion of GABA neurons that
co-express cholycystokinin immunoreactivity [45]. 5-HT3 receptors have been
shown to regulate the activity of the mesolimbic dopamine system at the level
of the VTA as well as the nucleus accumbens [47, 48]. 5-HT3 receptors have
been shown to be involved in many actions of alcohol [46] and currently drugs
acting at the 5-HT3 receptors are targeted as potential pharmacotherapeutic
agents for the treatment of alcohol abuse [7].

Preclinical studies examining the effects of various 5-HT3 receptor antago-
nists on alcohol consumption have revealed a conflicting pattern. A number of
studies have found that administration of 5-HT3 receptor antagonists such as
MDL 72222, ondansetron, zacopride and tropisetron reduce alcohol consump-
tion in rats in a two-bottle choice paradigm [49–54]. The reduction of alcohol
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consumption induced by 5-HT3 receptor antagonists has also been observed in
other species such as marmosets [54] and mice [53]. While consistent sup-
pression of alcohol consumption induced by a 5-HT3 receptor antagonist was
observed when alcohol consumption was measured in a continuous access,
2-bottle choice design [49–54], conflicting findings were obtained under
restricted access conditions, whether or not two-bottle choice [51, 53] or oper-
ant procedures were employed [51, 55]. It has been suggested that temporal
environmental cues associated with the presentation of alcohol in the limited
access drinking conditions might reduce the effectiveness of 5-HT3 receptor
antagonists, as it was shown that the suppression of alcohol consumption by a
5-HT3 receptor antagonist did not occur when access to alcohol was presented
in a random manner [56].

The effects of 5-HT3 receptor agonists on alcohol consumption have also
been investigated. Intraventricular or intra-accumbens injection of the 5-HT3

receptor agonist 2-methyl-5-HT or m-chlorophenylbiguanide (mCPBG)
reduced alcohol consumption without affecting food or water intake in rats
[57]. Transgenic mice over-expressing the 5-HT3 receptors also show reduced
alcohol consumption compared to controls [58]. The 5-HT3 transgenic mice
have also been shown to be more sensitive to the effects of ethanol compared
to controls and it has been suggested that such differences might account for
their low alcohol consumption [59]. Whether the suppression of alcohol
intake induced by central administration of 5-HT3 receptor agonists is due to
an enhancement of sensitivity to the effects of ethanol remains to be deter-
mined.

5-HT3 receptor antagonists have been shown to attenuate or block the stim-
ulation of dopamine (DA) release in the nucleus accumbens or somatodendrit-
ic DA release in the VTA induced by ethanol [11, 46]. The antagonism of
ethanol-stimulated mesolimbic DA activity by 5-HT3 receptor antagonists has
been suggested as the primary mechanism underlying their attenuation of alco-
hol intake [7, 11, 46]. In support of this, it was observed that in 6-OHDA
lesioned rats, the suppression of alcohol intake induced by tropisetron was
markedly reduced [60]. A recent study by Rodd-Henricks et al. [61] demon-
strated, furthermore, that intracranial self-administration of ethanol in the pos-
terior VTA by Wistar rats can be blocked by co-administration of a 5-HT3

receptor antagonist.

5-HT and relapse to alcohol

As mentioned earlier, most of the neurobiological investigation into the mech-
anisms underlying alcohol dependence has focused on the neurochemical
mechanisms underlying alcohol reinforcement with little attention being paid
to those underlying relapse [8]. Knowledge of the mechanisms underlying
drug reinforcement, however, might not be sufficient to explain why individu-
als are still vulnerable to relapse after a prolonged period of abstinence [62].
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The preclinical investigation into the role of serotonergic mechanisms in alco-
hol dependence is no exception. Although over the last number of years, there
have been many advances in the development of animal models to study
relapse to alcohol, there has been little attempt to evaluate the effects of sero-
tonergic agents in these models.

Animal models of relapse to alcohol

Currently there are two animal models that have been developed to study
relapse to alcohol in experimental animals [8]. The first model utilizes the
alcohol deprivation effect (ADE), which is described as the temporary increase
in alcohol consumption following a short period of abstinence [63]. The mag-
nitude of the ADE effects increases with repeated cycles of deprivation [64,
65]. The increase in alcohol-taking after abstinence and the increase in the
intensity of ADE after repeated cycles of deprivation parallel the effects of
repeated deprivation seen on the priming effects of alcohol in humans [8]. The
second model that has been used to assess relapse to alcohol is the reinstate-
ment procedure [8]. In this model, animals are trained to lever press for alco-
hol, the operant response is extinguished and the effects of acute exposure to
alcohol [66–68], cues previously associated with alcohol [69] or stressors [67,
68] on the reinstatement of the lever pressing response are examined.

While these two models have been used quite extensively over the last sev-
eral years to evaluate the effects of various compounds, particularly those act-
ing at opioidergic or corticotrophin-releasing factor receptors [8] on relapse to
alcohol, little work has been conducted with serotonergic agents. To our
knowledge there has been only one study that examined the effects of 5-HT
on relapse to alcohol using the ADE model. Rodd-Henricks et al. [65] found
that the 5-HT3 receptor antagonists MDL 7222 or tropisetron can suppress
ADE. The doses of these compounds required to suppress ADE, however,
were much higher than those required to reduce baseline alcohol consump-
tion. We have also investigated the effects of serotonergic agents on relapse to
alcohol using the reinstatement procedure. In our early studies [68, 69], we
have shown that treatment with fluoxetine can attenuate reinstatement of alco-
hol seeking induced by exposure to foot shock stress, but not by that induced
by priming with alcohol. Recently, we have found that paroxetine, another
serotonin re-uptake inhibitor, or the 5-HT3 receptor antagonist tropisetron can
also attenuate the reinstatement of alcohol seeking induced by foot shock
stress [70].

Conclusions

Our understanding of the role of the serotonergic systems in alcohol depend-
ence has advanced greatly over the last several years. While the availability of
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highly selective ligands for the various types of 5-HT receptors have led to a
clearer picture of the function of the 5-HT system in alcohol intake, one should
bear in mind that 5-HT receptor systems interact with one another to regulate
behaviors including alcohol intake. A case in point is the elegant study by
Haiser and Tescott [71], which employed 5-HT2C knock out mice and a selec-
tive 5-HT1B receptor antagonist to evaluate the effect of the 5-HT1B/2C receptor
agonist mCPP on locomotor activity. These workers demonstrated that prefer-
ential activation of the 5-HT2C receptor can prevent the expression of behav-
iors mediated by other 5-HT receptor types or subtypes. This work under-
scores the idea that a combination of experimental strategies is required to elu-
cidate the nature of the 5-HT receptor types modulating alcohol intake.

While little work has been carried out examining the involvement of 5-HT
systems in relapse, the existing data suggest that the 5-HT mechanisms medi-
ating relapse and alcohol consumption can be dissociated, as evidenced by the
differential dose requirement [65] or the fact that they have differential effects
on the reinstatement of ethanol-seeking induced by stressors and priming [68].
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Introduction

In the last two decades, serotonergic agents have been studied intensely as
potential treatments for alcoholism. Basic science studies have implicated the
serotonin (5-HT) system, and especially its interaction with midbrain and cor-
tico-mesolimbic dopamine pathways, as being central to the expression and
appreciation of alcohol’s reinforcing effects associated with its abuse liability.
Such studies have increased our understanding of the bio-behavioral basis of
alcoholism and provided the foundation for testing medications that interact
with specific 5-HT receptor subtypes as treatment for particular types of alco-
holic both with and without co-morbid psychiatric disorder.

The sections of this chapter are organized, first, to briefly provide an
overview of the scientific rationale for testing a particular class of serotoner-
gic medications for treating alcoholism and, subsequently, to evaluate the
reported efficacy of these agents in clinical studies.

Selective serotonin reuptake inhibitors

Ethanol preference can be altered by lesions or pharmacological manipulations
that result in 5-HT depletion and reduced 5-HT turnover [1, 2]. Augmentation
of serotonergic function by administration of selective serotonin reuptake
inhibitors (SSRIs) decreases voluntary ethanol consumption in preference par-
adigms [3–7]. SSRI-associated suppression of ethanol consumption may be
due to a decrease in the reinforcing effects of alcohol as well as an effect of
SSRIs to reduce consummatory behavior [8–10]. Operant studies show that
the SSRI, fluoxetine, dose-dependently decreases ethanol responding [11, 12].
Hence, the results of basic science studies suggest that SSRIs would be effica-
cious in treating alcohol dependence.

Clinical data on the utility of SSRIs as a single agent for the treatment of
alcoholics without major depressive disorder have been inconsistent. Early
clinical trials of small sample size reported that SSRIs could produce short-
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term (1–4 weeks) reductions in alcohol consumption among problem drinkers
[13–17]. Nevertheless, these studies had three additional limitations. First, the
cohort was predominantly male [13–15], thereby reducing the generalizabili-
ty of the results to women. Second, standardized psychosocial treatments,
which have a tendency to diminish the effect size of the response to pharma-
cotherapy, were used infrequently; hence, non-specific factors might be
responsible for at least some of the clinical improvement that was observed.
Third, the short treatment period did not allow for determination of whether
SSRI-related clinical improvement in problem drinkers was sustained. Studies
that have employed longer SSRI treatment periods have not demonstrated effi-
cacy. For example, Gorelick and Paredes [18] showed that an initial dramatic
decrease in alcohol consumption (approx. 15%) during the first of four weeks
in a clinical trial did not result in an overall therapeutic treatment response for
fluoxetine compared with placebo over the entire trial period. Naranjo and co-
workers [19] also were unable to show differences in alcohol consumption
between the SSRI, citalopram (40 mg/day), and placebo after 12 weeks of
treatment. Kabel and Petty [20] also did not find 12 weeks of fluoxetine
(60 mg/day) treatment to be superior to placebo at reducing drinking among
28 alcohol-dependent men. Furthermore, Kranzler and colleagues [21], in a
well-executed 12-week study, did not find fluoxetine 60 mg/day to be superi-
or to placebo in treating alcoholism. Interestingly, predicated on the findings
of human laboratory studies that alcoholics with an early onset of disease may
have reduced 5-HT levels [22–25], Kranzler and colleagues [26] re-analyzed
their data. Presumably, their premise was that if type B alcoholics, or those
who develop the disease early in life, were deficient in 5-HT, then SSRIs
would be expected to be particularly beneficial for this alcoholic subtype.
Paradoxically, fluoxetine appeared to actually worsen rather than improve the
clinical benefit of the adjunctive cognitive behavioral therapy, and it was cer-
tainly no better than placebo. Interestingly, Pettinati and colleagues [27] have
shown that sertraline (another SSRI) appears to improve the drinking out-
comes of type A alcoholics, or those who develop the disease later in life.
Early-onset (i.e., type B-like) alcoholics differ from late-onset (i.e., type
A-like) alcoholics by having greater family history and greater propensity
toward impulse dyscontrol, serotonergic dysfunction, and antisocial behaviors
[28, 29]. It is, therefore, tempting to speculate that the relationship between
5-HT dysfunction and the onset of alcoholism might not be a simple deficien-
cy state but may be due to more fundamental biological differences within the
5-HT system [30, 31].

Although outside the scope of this chapter, SSRIs may be useful in treating
alcoholics with severe co-morbid major depression [32]; however, further stud-
ies are needed to fully characterize these results, given that tricyclic antidepres-
sants provided to similar populations in other studies have been shown to
reduce the dysphoric symptoms with little effect on drinking behavior [33, 34].

In conclusion, SSRIs are not efficacious at improving the drinking out-
comes of a heterogeneous alcoholic group. SSRIs may, however, be useful as
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treatment for alcoholics who develop the disease later in life, or alcoholics
with co-morbid major depression.

5-HT1 partial agonists

The 5-HT1A partial agonist, buspirone, reduces ethanol consumption in a vari-
ety of animal paradigms. For instance, buspirone decreases volitional ethanol
consumption by up to 60% in macaque monkeys [35]. Also, buspirone sup-
presses ethanol intake in Sprague-Dawley rats induced to drink by repeated
brain-stem injection of tetrahydropapaveroline [36]. Dose-specific effects of
buspirone to suppress ethanol intake also have been reported among medium
alcohol-preferring rats [37]. Further, buspirone decreases stimulus-condi-
tioned responding for ethanol [38]. Results of studies conducted with relative-
ly 5-HT-deficient Fawn-Hooded rats show that they have a high propensity
toward ethanol consumption [39]; correspondingly, alcohol-preferring rats,
compared with their non-alcohol-preferring counterparts, have reduced corti-
cal and subcortical gray matter reductions in 5-HT [40, 41 c.f. 42]. Hence,
enhancing 5-HT neurotransmission should decrease ethanol consumption.
5-HT1A receptors manifest differential sensitivity, the greater effect being seen
at the postsynaptic receptor compared with the autoreceptor. Chronic bus-
pirone administration, therefore, raises 5-HT function and down-regulates
autoreceptor function [43]. Despite the paucity of operant dose-response stud-
ies examining buspirone’s effects on ethanol consumption, there appears to be
ample foundation for testing its efficacy as a treatment agent for alcoholism.

Generally, the results of clinical trials do not support a finding of efficacy for
buspirone in treating alcoholics without concurrent co-morbid anxiety disorder.
Indeed, Malcolm and colleagues [44] did not find that buspirone was superior
to placebo at decreasing either the symptoms of anxiety or drinking among
anxious alcoholics. In a similarly well-executed trial (N = 61), Kranzler and
co-workers [45] did not find buspirone to be an efficacious treatment for alco-
holism. An authoritative review of five published studies and a more recent
re-evaluation of the data [46] also did not support the utility of buspirone in
treating alcoholics; however, in contrast to the study of Kranzler and colleagues
[45], alcoholics with co-morbid anxiety disorder appeared to derive therapeu-
tic benefit [47, 48]. Finally, George and colleagues [49] showed that the
younger the age of onset, the lower was the cerebrospinal fluid level of 5-HT’s
major metabolite, 5-hydroxyindole-acetic acid (5-HIAA). Despite the likeli-
hood of 5-HT facilitation by chronic buspirone treatment, buspirone was not
superior to placebo at improving the drinking outcomes of early-onset alco-
holics. Again, this demonstrates that the apparent 5-HT dysfunction among
alcoholics early in life may have complex bio-genetic underpinnings.

In sum, buspirone does not appear to be an effective treatment for alcoholics
without co-morbid disease. Buspirone may, however, be useful in treating
alcoholics with co-morbid anxiety disorder.
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5-HT2 antagonists

Animal studies show that the 5-HT2 receptor antagonist, ritanserin, can reduce
ethanol consumption in a variety of paradigms [50, 51 c.f. 52]. Other 5-HT2

antagonists such as amperozide [53–55] and FG 5974 [56, 57] also appear to
be effective at attenuating ethanol intake [56]. Mechanistically, 5-HT2 recep-
tor antagonist-mediated acute anti-ethanol-drinking behavior may be attribut-
able to substitution for alcohol’s pharmaco-behavioral effects through
increased levels of burst firing in cortico-mesolimbic dopamine neurons [58]
and, later, reciprocal feedback inhibition of dopaminergic activity [59].

In a large (N = 423) multi-center, randomized, double-blind clinical trial by
Johnson and colleagues [60], ritanserin (2.5 mg/day or 5 mg/day) was not sig-
nificantly superior to placebo at improving drinking outcomes. Furthermore,
in a later study using a similar methodology, even the higher ritanserin dose of
10 mg/day, compared with placebo, showed no efficacy in treating alcoholism
[61]. While it is tempting to speculate that even higher ritanserin doses may
show efficacy in treating alcoholism, the potential to test this possibility is lim-
ited by ritanserin’s ability to produce dose-dependent prolongation of the QTc
interval on the electrocardiogram, thereby increasing the potential for serious
cardiac arrhythmias and, consequently, sudden death.

In conclusion, ritanserin (2.5 mg/day to 10 mg/day) is not an efficacious
treatment for alcoholism. At present, there are no double-blind data from con-
trolled clinical trials on the use of other 5-HT2 antagonists as a treatment for
alcoholism.

5-HT3 antagonists

The 5-HT3 antagonist, ondansetron, is a promising medication for treating
alcoholism [62]. Basic science studies show that ethanol potentiates 5-HT3

receptor-mediated ion currents in NCB-20 neuroblastoma cells [63, 64] and
human embryonic kidney 293 cells transfected with 5-HT3RA cDNA [65].
5-HT3 receptor antagonists block these effects [66]. Hence, the 5-HT3 recep-
tor is an important site of action for ethanol’s effects in the brain [67, 68].
Pharmaco-behavioral studies show that 5-HT3 receptor antagonists attenuate
dopamine or ethanol-induced hyperlocomotion in the rat [69], suppress DiMe-
C7 (a neurokinin)-induced hyperlocomotion, an effect also diminished by the
dopamine antagonist, fluphenazine [70, 71], and reduce alcohol consumption
in a variety of animal models and across different species [37, 72–78 c.f. 79].
Hence, preclinical studies show that 5-HT3 receptor antagonists are promising
medications for treating alcoholism. In humans, ondansetron reduces alcohol’s
positive subjective effects [80, 81 c.f. 82] and preference for alcohol [83].
Based upon the promising basic science, animal, and human laboratory data,
rigorous double-blind clinical studies were needed to test ondansetron’s effi-
cacy in treating alcoholism.
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In a preliminary 6-week double-blind clinical trial of non-severely alcohol-
dependent males (N = 71), Sellers and colleagues [84] showed that
ondansetron 0.5 mg/day, but not 4 mg/day, was associated with a non-signifi-
cant trend (p = 0.06) toward a reduction in alcohol consumption. When those
who consumed more than 10 standard drinks/drinking day (N = 11) were
excluded from consideration during secondary data analysis, there was a sig-
nificant treatment effect in favor of ondansetron 0.5 mg/day compared with
placebo (p = 0.001). Justification for excluding this group was that such severe
drinkers would typically not be enrolled in contemporary clinical trials (and
are more likely to have received inpatient treatment), as their persistent level
of intoxication may have reduced the validity of their self-reported drinking.
Notably, as with other preliminary studies, there are some limitations that
should be taken into consideration when evaluating the results, such as the rel-
atively short treatment period (i.e., six weeks), low subject numbers and, there-
fore, decreased statistical power, and the enrollment of mostly white males,
which reduces the generalizability of the findings to the general population.
Notwithstanding these limitations, these findings suggested the possibility of
efficacy for ondansetron in treating alcoholism in a large-scale clinical trial.
Also, the study of Sellers and colleagues [84] suggested the possibility that in
humans, as reported in animals, ondansetron might have a non-linear dose-
response curve.

In a recent large-scale (N = 321), double-blind, randomized, controlled,
12-week clinical trial, Johnson and colleagues [85] showed that early- but not
late-onset alcohol-dependent men and women who received ondansetron (1, 4,
and 16 mcg/kg b.i.d.) compared with placebo had fewer drinks/day (1.89, 1.56,
and 1.87 versus 3.30; p = 0.03, p = 0.01, and p = 0.02, respectively) and
drinks/drinking day (4.75, 4.28, and 5.18 versus 6.90; p = 0.03, p = 0.004, and
p = 0.03, respectively). Ondansetron (4 mcg/kg b.i.d.) was more efficacious
than placebo at increasing percentage of days abstinent (70.10 versus 50.20;
p = 0.02) and total days abstinent per study week (6.74 versus 5.92; p = 0.03).
Among early-onset alcoholics, there also was a significant difference in the
mean log carbohydrate-deficient transferrin ratio—a biochemical marker of
heavy alcohol consumption—between those who received ondansetron (1 and
4 mcg/kg b.i.d.) and those who got placebo (–0.17 and –0.19 versus 0.12;
p = 0.03 and p = 0.01, respectively) [85]. Data from a cohort (N = 253) of this
study also showed that ondansetron (4 mcg/kg b.i.d.), compared with placebo,
was associated with a significant decrease in craving among early-onset alco-
holics [86]. More recently, Kranzler and colleagues [87] showed that
ondansetron (4 mcg/kg b.i.d.)-treated early-onset alcoholics had significantly
better drinking outcomes and fewer alcohol-related problems compared with
their late-onset alcoholic counterparts.

Taken together, these results show that ondansetron is efficacious in treating
early- but not late-onset alcoholics, as exemplified by improved drinking out-
comes and decreased alcohol craving.
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Other 5-HT receptor subtypes

5-HT4 receptor antagonists might play a role in alcohol-induced brain reward
mechanisms [88]. Interestingly, Panocka and colleagues [89] have shown that
subcutaneous injection of the 5-HT4 antagonist GR113808 (1, 3, or 10 mg/kg)
significantly reduces volitional ethanol intake. Supplemental animal studies
are, however, needed to establish this result. To date, no human studies have
been conducted on the effects of 5-HT4 antagonists on alcohol consumption.

Conclusions

Basic science studies have contributed greatly to our knowledge about the neu-
rochemical pathways associated with the acquisition and maintenance of the
drive to drink. Of particular importance have been serotonergic pathways, due
to their modulatory effects on dopamine function, the critical substrate by
which alcohol mediates its reinforcing effects associated with its abuse liabil-
ity. Naturally, this has resulted in the study of serotonergic agents as treatments
for alcoholism.

Serotonergic agents remain a promising area for the development of effica-
cious pharmacotherapies to treat alcohol dependence. Various types of sero-
tonergic medication do, however, appear to have differential effects on drink-
ing behavior. SSRIs are not efficacious treatment for a heterogeneous alcoholic
group. SSRIs may, however, be efficacious in treating alcoholics who develop
the disease later in life, or among alcoholics with co-morbid depression. The
5-HT1A partial agonist, buspirone, is not efficacious for treating alcoholics
without co-morbid disease. Buspirone may, however, be useful in treating
alcoholics with co-morbid anxiety disorder. Ritanserin, a 5-HT2 antagonist, at
pharmacologically relevant clinical doses, does not appear to be an effective
treatment for alcoholism. Ondansetron, a 5-HT3 antagonist, is an efficacious
and promising medication for the treatment of alcoholics who develop the dis-
ease early in life.

The differential response to SSRIs and ondansetron among various subtypes
of alcoholic is intriguing. New knowledge on the relationship between mole-
cular genetic and environmental predisposition might aid in better characteriz-
ing alcoholics by subtype. Such knowledge would improve our chances of pre-
dicting what subtype of alcoholic would respond best to a particular seroton-
ergic agent.
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Introduction

Ethanol-induced activation of the endogenous opioid system has been hypoth-
esized to be one of the mechanisms mediating ethanol reinforcement and
enhanced ethanol drinking. This hypothesis is supported by many lines of evi-
dence, including ethanol-induced elevation of extracellular levels of β-endor-
phin in the nucleus accumbens [1], and genetically determined differences in
the basal levels of β-endorphin, enkephalins, and dynorphins in distinct brain
areas of rodent lines that differ in ethanol self-administration behavior [2–4].
In accordance with this hypothesis, the non-selective opioid receptor antago-
nists naltrexone, naloxone and nalmefene suppress ethanol-reinforced behav-
ior in widely different experimental conditions.

Opioid receptors are divided into three major classes, the µ-, δ- and κ-opi-
oid receptors, which have all been cloned and sequenced [5–8]. Furthermore,
on the basis of pharmacological evidence, subtypes of these receptors have
been proposed. β-endorphin recognizes both µ- and δ-receptors with almost
equal potency. Also, enkephalins and dynorphins interact with µ-receptors
but with a lower affinity as compared to δ- and κ- receptors, respectively [9].
Increasing evidence for the importance of ethanol-induced activation of both
β-endorphin and enkephalin systems in ethanol reward has further prompted
research on the contribution of the different opioid receptor types, especially
the µ- and δ- receptors, in the reinforcing effect of ethanol. Because the com-
monly used non-selective antagonists (naltrexone, naloxone and nalmefene)
bind to all opioid receptor types as a function of the dose administered
[10–12], the roles of the opioid receptor types in ethanol reinforcement, in
recent studies, have been studied with antagonists selective for these recep-
tors.

In the majority of these studies, the selective antagonists have been tested
using behavioral models that measure the direct reinforcing effects of ethanol,
including various free-choice drinking and operant self-administration models.
These models do not permit assessment of the conditioned ethanol effects,
which underlie craving and relapse. However, there is evidence showing that
the modulation of the reinforcing effects of ethanol by opioid antagonists may
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also predict their effects on the appetitive conditioned aspects of ethanol con-
sumption [13, 14].

Effects of selective µ-receptor antagonists on ethanol consumption

Selective µ-opioid receptor antagonists β-funaltrexamine, D-Pen-Cys-Tyr-D-
Trp-Orn-Thr-Pen-Thr-NH2 (CTOP), and naloxonazine have been shown to
reliably suppress ethanol intake in many experimental paradigms.
Systemically administered β-funaltrexamine (5–20 mg/kg) produced a dose-
dependent decrease in ethanol consumption both in the high alcohol drinking
(HAD) rat line on a fluid-deprivation schedule with a 2-h daily access to
ethanol and water, as well as in Wistar rats, given limited access 1-h to ethanol
with ad libitum water and food [15, 16]. Injections of β-funaltrexamine were
administered 16–20 h before the opportunity to drink, because this antagonist
has an initial κ-agonist effect lasting 2–3 h, followed by a long (2–4 days)
µ-antagonist effect. In both experiments, the highest dose, 20 mg/kg β-funal-
trexamine, decreased ethanol intake even during the second post-injection ses-
sion, probably reflecting the long-lasting µ-antagonist action. Although
β-funaltrexamine did not attenuate the 2-h scheduled saccharin intake,
decrease in 24-h water consumption suggests that this antagonist displays a
general suppressive effect on ingestive behavior [15].

Another µ-opioid receptor antagonist, CTOP, decreased both limited access
ethanol drinking and operant responding for ethanol in alcohol-preferring AA
(Alko, Alcohol) and Wistar rats after intracerebroventricular (0.3–3 µg)
administration [17] (Fig. 1). Moreover, systemic administration of this com-
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Figure 1. Effects of subcutaneous naloxone, and intracerebroventricular CTOP and naltrindole injec-
tions on ethanol consumption in alcohol-preferring AA and heterogeneous Wistar rats. The animals
were allowed to respond for a 0.1 ml drop of 10% ethanol solution on a FR1 schedule during daily
30-min sessions. Data are expressed as mean (±SEM) ethanol intake (g/kg) during the 30-min ses-
sion. (* p < 0.05, significantly different from the vehicle conditions). Adapted with permission of
Lippincott Williams & Wilkins, Baltimore, from Hyytiä P & Kiianmaa K (2001) Suppression of
ethanol responding by centrally administered CTOP and naltrindole in AA and Wistar rats. Alcohol
Clin Exp Res 25: 25–33.



pound has been reported to suppress ethanol drinking in mice as well [18].
With repeated administration of CTOP across three sessions, a progressive
decline in limited access ethanol drinking was observed, with a transient
decrease in 24-h water and food intake [19]. It is not clear, however, whether
this finding could be interpreted as an extinction-like decrease caused by an
antagonist-induced attenuation of ethanol’s reinforcing effects or whether it is
due to cumulative drug effects. Moreover, the highest dose, 3-µg, had a ten-
dency of slowing the initiation of operant responding for ethanol, suggestive
of aversive effects produced by CTOP [17].

Systemic naloxonazine blocks central µ1-opioid receptors irreversibly, well
over 24 h, but can also block µ2-receptors in a reversible manner during the
first hours after administration. Thus, when administered 20 h prior to ethanol
and concomitant food access, the dose-dependent (1–15 mg/kg) decrease in
both ethanol and food intake by naloxonazine could be attributed to a
µ1-blockade [20]. However, naloxonazine suppressed ethanol and food con-
sumption as well, when given 15 min before the session, suggesting that both
µ1- and µ2-receptor blockade could modulate ethanol reinforcement [21].
When the 15 mg naloxonazine was administered before three successive
ethanol sessions, a decrease was seen only during the first session, after which
tolerance to the drug’s effect developed. This was probably due to a µ-recep-
tor up-regulation, produced by the prolonged receptor blockade [20].

Effects of selective δ-receptor antagonists on ethanol consumption

Although δ-opioid receptor antagonists have been shown to attenuate ethanol
reinforcement in many studies, the results are generally more inconsistent
when compared to those from experiments with µ-antagonists. The first
δ-antagonist tested for its effects on ethanol drinking was ICI 174864. When
both ethanol and water availability was limited to one 30-min daily access
period, ICI 174864 (0.5–3 mg/kg) dose-dependently decreased ethanol but not
water intake in the alcohol-preferring HAD rats [22]. Similarly, single injec-
tions of this compound (3–8 mg/kg) suppressed ethanol drinking during the
first of the three 1-h access periods every 4 h in alcohol-preferring P rats with-
out effects on 24-h water drinking [23]. The effect of naltrindole, another
δ-receptor antagonist (5–20 mg/kg) tested in the same model, lasted for the
first two access periods, and no effects were seen on water consumption [23].
However, separate control experiments indicated that naltrindole also affected
ethanol-saccharin and saccharin solution intake, suggesting that the suppres-
sive effects were not specific for ethanol.

Attenuation of ethanol consumption by naltrindole in rats and mice has been
reported in several other studies [17, 18, 24, 25], but these positive findings
have not been uniformly replicated [16, 20, 26, 27]. The reasons for the dis-
crepant findings are not clear. The failure to see decreases in ethanol drinking
by naltrindole was probably not always caused by insufficient dosing, as nega-
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tive findings were also reported from experiments where the naltrindole doses
matched those employed in positive reports. The genetic background of the ani-
mals cannot easily explain the differences either, as indicated by similar nal-
trindole-induced decreases in operant responding for ethanol both in the alco-
hol-preferring AA as well as the heterogeneous Wistar rats [17] (Fig. 1). Finally,
a meaningful comparison of the various behavioral models used for measuring
ethanol consumption is complicated by different periods of ethanol and/or fluid
deprivation affecting the motivational state of the animals and by the various
combinations of conditioned factors present at the time of ethanol access.

Based on pharmacological and behavioral evidence, the existence of two
δ-opioid receptor subtypes in the rodent brain, δ1- and δ2-receptors, has been
proposed [28, 29]. Naltrindole blocks both subtypes but naltriben is a putative
δ2-receptor antagonist. Systemic naltriben has been shown to decrease ethanol
drinking in a daily 8-h limited access situation and operant responding for
ethanol [30, 31]. The effect of naltriben on ethanol reinforcement was relative-
ly specific, as it did not affect intake of saccharin/ethanol or quinine/ethanol
solutions in the limited access paradigm nor did it affect responses for the con-
comitantly available saccharin solution in the operant model.

Effects of selective opioid receptor antagonists on ethanol seeking

Drug-paired environmental stimuli may acquire powerful incentive-motiva-
tional properties through classical conditioning and elicit drug craving and
relapse in drug abusers as well as in laboratory animals trained to self-admin-
ister drugs [32, 33]. There is both clinical and preclinical evidence showing
that the endogenous opioid system is not only involved in the direct reinforc-
ing effects of ethanol, but may also partly mediate the effects of conditioned
contextual cues on ethanol seeking. For example, naltrexone was demonstrat-
ed to attenuate the efficacy of ethanol-associated environmental stimuli to rein-
state extinguished responding for ethanol in laboratory rats [13]. Using the
same behavioral model, naltrindole and naloxonazine were used for assessing
the contribution of µ- and δ-opioid receptors in ethanol seeking [14] (Fig. 2).
Naltrindole decreased ethanol-seeking behavior at the highest dose (5 mg/kg)
under stimuli predictive of ethanol reward, but did not affect responding under
the stimulus condition associated with non-reward. In contrast, the effect of
naloxonazine was not specific, because the effective dose (15 mg/kg) that sup-
pressed ethanol-seeking behavior also decreased responding under the non-
reward stimulus condition.

The conditioned place preference methods have long been used to measure
the motivating effects of drug-paired environmental stimuli. The non-selective
opioid antagonist naloxone has been shown to attenuate ethanol-induced con-
ditioned place preference in mice [34, 35]. In rats, however, it has been diffi-
cult to observe ethanol-induced place preference without special conditioning
procedures, including exposure to stress. For example, ethanol produced con-
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ditioned place preference in rats that were given electric foot shocks prior to
ethanol injections (0.3 g/kg) and conditioning. In these animals, pre-treatment
with the µ-antagonist β-funaltrexamine or the δ-antagonist naltrindole dose-
dependently reduced preference for the ethanol-paired compartment at doses
that have been shown to decrease ethanol drinking [36, 37].

Opioidergic mechanisms of ethanol reinforcement and conditioned
ethanol effects

Reductions produced in ethanol consumption and ethanol-seeking behavior by
the selective opioid receptor antagonists, generally suggest a role for both the
µ- and δ-receptors in these phenomena. However, there are also discrepant
findings, especially with respect to the involvement of the δ-receptors in
ethanol drinking behavior. Moreover, the experimental data suggest that in
most experimental situations, the suppressive effects of opioid receptor antag-
onists on ethanol consumption are not specific, but reflect the well-known
involvement of opioid receptors with regard to ingestive behavior [38].

The precise roles of the opioid receptors in ethanol reinforcement and con-
ditioned reinforcement processes are not yet very well known. There is evi-
dence that systemically administered ethanol increases the level of extracellu-
lar β-endorphin in the nucleus accumbens [1]. Moreover, intra-accumbal infu-
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Figure 2. Effects of naltrindole and naloxonazine on cue-induced reinstatement of ethanol-seeking
behavior. Both drugs were tested under the stimulus conditions previously associated with ethanol
(S+/CS+) or non-reward/water (S-/CS-). Data are expressed as mean (±SEM) responses at the active
lever during 30-min reinstatement sessions. (* p < 0.05, significantly different from the vehicle con-
ditions). Adapted with permission of Nature Publishing Group, London, from Ciccocioppo R, Martin-
Fardon R, Weiss F (2002) Effect of selective blockade of µ1 or δ opioid receptors on reinstatement of
alcohol-seeking behavior by drug-associated stimuli in rats. Neuropsychopharmacology 27: 391–399.



sions of methylnaloxonium and naltrindole suppressed ethanol self-adminis-
tration, suggesting that reductions in ethanol reinforcement by opioid antago-
nists could be related to their inhibition of the endogenous opioid peptide
action in the nucleus accumbens [17, 39]. Infusion of these antagonists into the
amygdala also attenuated ethanol reinforcement, which could be related to the
role of the amygdala in stimulus-reward associations [17]. Another line of evi-
dence suggests that the suppressive effect of opioid antagonists on ethanol
reinforcement could involve interaction with mesolimbic dopamine transmis-
sion. For example, ethanol-induced increase in extracellular dopamine level in
the nucleus accumbens was attenuated by systemic naltrexone and focal nal-
trindole administration [40–42].

In addition to the direct pharmacological actions of ethanol, ethanol-associ-
ated contextual stimuli can increase dopamine levels in the nucleus accumbens
as well. This is consistent with the view of the role of the midbrain dopamine
neurons in the processing of motivational signals [43, 44]. So far, there are no
data on the effects of selective opioid antagonists on cue-induced enhancement
in dopamine transmission. Both the µ- and δ-receptors are involved in tonic
modulation of mesolimbic dopamine transmission [45], and blockade of these
receptors could therefore blunt the efficacy of the contextual cues in enhanc-
ing dopamine transmission and reinstating ethanol seeking.
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clinical data
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Introduction

The only second generation opioidergic compound for which there is substan-
tial clinical information is nalmefene. Nalmefene, C21H25NO3, with a molecu-
lar weight of 339.43, is a pure opioid antagonist with no abuse potential [1].

Like naltrexone and naloxone, nalmefene was originated by Jack Fishman
and co-workers. The three antagonists have rather similar structures and prop-
erties. The molecular structure of nalmefene is shown in the Appendix for
Chemical Structures. Nalmefene is an analog of naltrexone, while naltrexone
is a congener of naloxone.

Nalmefene, like naltrexone and naloxone, is a relatively non-specific opioid
antagonist, i.e., binding to mu, delta, and kappa opioid receptors. The binding
abilities of the three antagonists [2] are shown in Figure 1. Nalmefene is sim-
ilar to naltrexone in its binding of mu receptors, but somewhat more potent
than naltrexone for kappa and delta binding. Both are more potent than nalox-
one in binding all three opioid receptor types. Thus, naltrexone has been char-
acterized as being relatively selective for mu receptors, whereas nalmefene can
be seen as a more universal opioid blocker. There is, however, currently no evi-
dence that these three opioid antagonists differ in their basic actions once they
reach the central nervous system.

Pharmacokinetics

Oral nalmefene is rapidly absorbed [3]. It has a mean elimination half-life of
10.7 h (range 7–15 h), which is substantially longer than for naloxone (1.1 h)
and naltrexone (4 h) [4]. About 4% of nalmefene is excreted in the urine as
unchanged nalmefene, and up to 60% is excreted as inactive glucuronide con-
jugates. Naltrexone, in contrast, is metabolized to an active compound, 6-beta-
naltrexol (half-life: 12.9 h) which may be important for the efficacy of nal-
trexone in treating alcoholism [5].
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Oral dosing with nalmefene is subject to less variability than with naltrex-
one. Oral nalmefene has a bioavailability of 40–50% with relatively small dif-
ferences between individuals [6]. In contrast, oral naltrexone is subject to high
but variable amounts being removed by first-pass metabolism resulting in a
bioavailability ranging from only 5% up to 40% [4, 7]. The 3- to 4-fold varia-
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Figure 1. Binding of nalmefene, naloxone, and naltrexone to the three types of opioid receptors.
Derived from Michel et al. [2]. Shown are the reciprocals of the IC50s (nM), in order to represent
stronger bindings as larger values. The specific binding compounds displaced were [3H]-dihydromor-
phine for mu receptors, [3H]-ethylketocyclazocine for kappa, and [3H]-D-ala-D-leu enkephalin for
delta receptors.



tion between individuals in first-pass metabolism complicates naltrexone dos-
ing [8]. Furthermore, the metabolism of naltrexone is altered in patients with
liver cirrhosis [9].

Naloxone is metabolized so rapidly in the liver that the first-pass metabolism
prevents it from being used orally; i.e., if naloxone is ingested, essentially all of
it is metabolized on the first pass through the liver and none reaches the brain.

Nalmefene continues to block opiate effects longer than naltrexone and nalox-
one [10]. Oral doses of both 50 mg and 100 mg nalmefene blocked the effects
of morphine for up to 48 h [11], whereas only a 100 mg naltrexone dose is still
effective at 48 h [4]. Nalmefene also maintains occupancy of opioid receptors
longer than naloxone does [12]. Renal insufficiency prolonged the half-life, but
hemodialysis did not change the basic pharmacokinetics of nalmefene [13]. The
kinetics of nalmefene are similar in children (ages 2 to 12 years) to those report-
ed for adults [14]. The terminal half-life in children was 8.7 ± 2.3 h.

Hepatic toxicity

Theoretically, effective usage of an opioid antagonist should not depend upon
the ability to deliver a specific dose to the brain. The goal is to block all the opi-
oid receptors (or perhaps all the mu opioid receptors); it should not matter if too
much antagonist is used and some is left over. In practice, however, the nal-
trexone dose cannot be raised too high because of hepatic toxicity reported with
300 mg daily [15, 16]. Naltrexone is marketed with a black box warning of liver
toxicity. Naltrexone is contraindicated for cirrhotic patients and should not be
started in alcohol-dependent patients until after a blood test for liver cirrhosis.

In contrast, there is no evidence of nalmefene being detrimental to the liver
[17]. No dose-dependent liver toxicity has been reported in over 1300 patients,
including patients already having liver disorders [18]. Oral nalmefene was well
tolerated in doses up to 300 mg [3]. Chronic administration is also well toler-
ated with no clinically significant adverse effects.

There has been discussion that the hepatic toxicity warnings for naltrexone
are not warranted. Treatment of alcoholism with naltrexone usually results in
reductions in the markers of liver damage, since alcohol itself is more toxic
than naltrexone. In practice, only a small percentage of alcoholics are rejected
initially for naltrexone administration because of cirrhosis. Nevertheless, if
nalmefene turns out to be at least equivalent to naltrexone in efficacy for treat-
ing alcoholism, as seems likely, nalmefene without the toxicity would seem to
be the preferred medication.

Blocking opioid effects

The Food and Drug Administration (FDA) has approved nalmefene, packaged
for administration by injection, for complete or partial reversal of opioid drug
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effects, including respiratory depression, induced by either natural or synthet-
ic opioids. It is marketed under the brand name Revex® by Ohmeda. Much of
the information concerning nalmefene HCl injections [17] is applicable also
for the oral forms used in the treatment of alcoholism.

Hormonal effects

Like naltrexone and naloxone, acute nalmefene increases levels of testosterone
and luteinizing hormone [19, 20]. In older impotent men it also increased fol-
licle-stimulating hormone and cortisol levels [20]. Nalmefene caused more
activation of the hypothalamic-pituitary-adrenal axis than naloxone [21].

Eating

Chronically injected nalmefene significantly suppressed caloric intake in the
study on older impotent men by decreasing specifically their eating of highly
palatable foods that are high in fat content [20]. The effect was replicated in a
double-blind placebo-controlled clinical trial [22]. Nalmefene reduced caloric
intake by 22%, without causing a significant change in hunger or satiety rat-
ing. The reduction was produced by a decrease in high fat and protein foods
rated to be highly palatable. Nalmefene was given in grapefruit juice in doses
of either 2.5 mg or 5.0 mg. Subjects were able to identify the higher dose from
placebo but not the lower dose, whereas the effect on eating was seen with both
doses. It might be noted that these are much lower than the oral doses found to
be effective with alcoholism treatment.

Flushing and acetaldehyde

Nalmefene was found to inhibit the flushing reaction that some Orientals dis-
play after drinking alcohol [23]. The flushing reaction is caused by an accu-
mulation of acetaldehyde resulting from a lower rate of aldehyde dehydroge-
nase activity. Flushers given 2 mg i.v. nalmefene plus alcohol had significant-
ly less flushing (measured as facial skin temperature) than those given place-
bo plus alcohol. Nalmefene tended to decrease acetaldehyde levels found in
flushers after drinking alcohol, although the effect did not reach significance.
The fact, however, that nalmefene at the very least did not increase acetalde-
hyde levels, demonstrates that it is not acting like disulfiram (Antabuse®) and
other sensitizing drugs that cause higher acetaldehyde levels and thus adverse
reactions when alcohol is drunk.
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Clinical trials of nalmefene in alcoholism treatment

Our pre-clinical experiments showed that when nalmefene was administered to
rats before several sessions in which they had access to 10% ethanol solution
as well as food and water, the alcohol intake decreased progressively with each
session and remained significantly lower than baseline on subsequent sessions,
when no nalmefene was administered [6, 24]. Nalmefene administered simi-
larly but to rats without concomitant access to alcohol, however, did not reduce
subsequent alcohol drinking but instead tended to increase it. These results
were virtually the same as we observed in our naltrexone clinical trial: nal-
trexone given to patients instructed to control drinking was significantly better
than placebo but naltrexone given with instructions to abstain completely,
tended to be worse than placebo and was significantly worse than naltrexone
with controlled drinking [25]. The findings are consistent with Wikler’s
hypothesis that opioid antagonists work by extinguishing opiate self-adminis-
tration when the drug-taking response is made while the antagonist blocks
reinforcement [26]. Nearly all of the naltrexone trials, not only with alcohol,
but also with heroin and cocaine, have also supported this hypothesis (see
review [24]), as have the results from the clinical trials with nalmefene.

A small double-blind placebo-controlled clinical trial of two doses of
nalmefene was conducted by Barbara Mason and coworkers at the University
of Miami [27–29]. In order to examine the safety and efficacy of different
doses, 21 patients were given either 10 mg (5 mg twice daily) or 40 mg (20 mg
twice daily) of oral nalmefene or placebo (twice daily) for 12 weeks. The
40 mg nalmefene patients had significantly fewer relapses to heavy drinking
than either of the other two groups. Relapse to heavy drinking was defined as
five or more drinks per day, or 5 or more drinking days per week. They also
had highly significant reductions from baseline in the mean number of absti-
nent days and in the mean number of drinks per drinking day. The later meas-
ure was also highly significant in the 10 mg nalmefene group but not in the
control group. The 40 mg nalmefene had the greatest reduction in SGOT lev-
els (validated marker for drinking), while the placebo group had the least
reduction. Nalmefene had no significant effect on the number of days to first
sampling of alcohol. There was a tendency for reduced depression, indicating
nalmefene was not causing dysphoria. Nalmefene in both doses was well tol-
erated. The most common drug reactions were headache, insomnia, and nau-
sea. Patients could choose psychosocial therapy as they wished. None of the
40 mg nalmefene patients were on any other therapy. One of the 10 mg nalme-
fene patients chose to attend group therapy meetings. Two of the placebo
patients attended AA meetings and these were the only placebo patients who
did not relapse to heavy drinking.

Mason’s group subsequently tested 16 more alcoholics with nalmefene doses
of either 20 mg (10 mg twice daily) or 80 mg (40 mg twice daily) [18] and com-
pared the results with those previously tested with 10 mg or 40 mg [29]. The
best results were obtained with the 80 mg dose. All of them remained in the
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study for the entire 12 weeks. 62% of the 80 mg patients had no more than two
days of heavy drinking in the 84-day trial, while none of the 10 mg patients and
only about a third of the 20 mg and 40 mg patients met this criterion.

A larger double-blind placebo-controlled trial with doses of 20 mg and
80 mg was later reported [30, 31]. 105 outpatient alcoholics who had been
abstinent for at least two weeks, were studied for 12 weeks, with Coping ther-
apy (i.e., cognitive behavioral skills taught for coping with drinking situations)
also being given to all subjects weekly. This is the protocol with which nal-
trexone has consistently been successful [24], and nalmefene with Coping
therapy also was effective here. During the last 2 weeks, the 80 mg nalmefene
group showed significantly fewer drinks per drinking day [30]. Otherwise, the
results with the two nalmefene doses here were similar and thus were com-
bined. The double-blind procedure was demonstrated to be effective by the
inability of subjects to guess their group significantly better than chance.
Nalmefene significantly reduced the rate of relapsing to heavy drinking (here,
>4 drinks/day for men, >3 drinks/day for women). Although this difference
between nalmefene and placebo was already significant in the first week, the
difference between the groups expanded progressively during the first half of
the study and thereafter remained essentially constant. Nalmefene was signif-
icantly better than placebo, not only in the percentage of patients relapsing but
also in the number of relapses. Nalmefene tended (p = 0.06) to be better than
placebo for the duration of relapses and for the number of drinks per drinking
day. The latter measure decreased significantly from baseline in both groups.
These results in turn were significantly correlated with final GGT levels,
which decreased significantly over the 12 weeks. The group differences were
still clearer in the subgroups of patients who had at least one drink during the
entire study: 80% of those on placebo relapsed to heavy drinking while only
56% of those on nalmefene did (p < 0.03). The percentage of abstinent days
did not differ significantly between nalmefene and placebo groups, with both
groups increasing significantly from baseline. Both groups had significant
reductions in craving but there was no significant difference between groups.
Patients on nalmefene showed no medically serious adverse drug experiences
and had high rates of medication compliance and treatment completion.

Newer clinical results

The 1999 study by Mason et al. [31] is the latest nalmefene trial to be pub-
lished in a full-length paper. Several additional nalmefene trials have been con-
ducted and reported at scientific conferences since then, but the published ref-
erences for them are at best only abstracts. Consequently, they will be covered
only briefly here, with the reader being cautioned that the results have not been
subjected to peer review.

The clinical results with naltrexone have been shown to be highly depend-
ent upon the protocol with which the medicine is given [24, 32]. This is best

130 J.D. Sinclair



shown in the three double trials comparing naltrexone and placebo with two
protocols: Coping (training patients how to cope with minor slips so they do
not turn into binges) and Supportive (traditional procedure supporting com-
plete abstinence) [25, 33, 34]. All three found several measures for which nal-
trexone was significantly better than placebo when used with Coping therapy.
None of the three double clinical trials found a single measure for which nal-
trexone plus Supportive therapy was significantly better than placebo plus
Supportive therapy. Indeed, there were highly significant interactions demon-
strating that the efficacy of naltrexone was significantly better with Coping
than Supportive therapy. A double clinical trial of naltrexone for treating
cocaine addiction has reported the same results: naltrexone with a Coping form
of treatment (“relapse prevention”) was significantly better than placebo but
naltrexone with Support of abstinence tended to be worse than placebo [35].

The efficacy of nalmefene also appears to be dependent upon protocol.
Mason and coworkers [31] had shown that nalmefene, like naltrexone, was
effective when combined with Coping therapy. In 2002, Anton reported nega-
tive results from a multisite trial of nalmefene with Motivational Enhancement
Therapy (MET) [36], a form of psychosocial therapy that had not previously
been used in tests with opioid antagonists. The next year Anton reported
results from a double trial comparing naltrexone with Coping to naltrexone
with MET [37]. Naltrexone with Coping once again provided significant ben-
efits, but naltrexone with MET, like nalmefene with MET, produced negative
results. It seems likely that MET is similar to Supportive therapy and not suit-
ed for use with opioid antagonists.

Meanwhile, Mäkelä reported results from a randomized double-blind place-
bo-controlled nalmefene study of 150 outpatients with impaired control over
their drinking at 6 Finnish sites [38, 39]. The study used no structured psy-
chosocial therapy. Nalmefene (10 mg or 40 mg) or placebo was taken once
daily for 16 weeks. The smaller nalmefene dose produced only transient ben-
efits, but the larger nalmefene dose was significantly better than placebo in the
reduction of heavy drinking days. The increase in abstinence days and the
decrease in mean weekly consumption were best in the 40 mg nalmefene
group. Nalmefene was well tolerated with only minor adverse events, primari-
ly at the beginning of treatment. It was concluded that “nalmefene 40 mg once
daily is safe and appears effective in the reduction of heavy alcohol consump-
tion without structured psychosocial treatment.”

Subsequently, a Phase III double-blind placebo-controlled nalmefene trial
in Finland and the UK was reported [40]. Approximately 570 patients took
nalmefene or placebo for 28 weeks only before alcohol drinking. Patients on
nalmefene had a significantly greater reduction (nearly 50%) in heavy drink-
ing days than did placebo patients. This was significant also in the Finnish
patients separately but not in the British subgroup alone due to higher dropout
rates. Significantly more nalmefene patients than controls were rated as “much
improved” or “very much improved”. This was significant in both Finnish and
British patients separately, too. No serious adverse effects were observed.
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Finally, a double-blind placebo-controlled Phase II clinical trial with 200
subjects found that nalmefene was significantly better than placebo in the
treatment of compulsive gambling [41]. Nalmefene reduces craving and
thoughts about gambling to a level about half that in the placebo group.

Relapse: definition of terms

The results with nalmefene, and with naltrexone, emphasize the importance of
precisely defining the word “relapse”. With traditional treatments, breaking
abstinence by sampling alcohol often leads to a resumption of heavy drinking,
so “relapse” could be used indiscriminately to mean both the first sip and also
the return to heavy drinking. When opioid antagonists are used, however, there
is a great difference between the two behaviors. The resumption of sampling
has almost never been found to be affected by treatment with naltrexone or
nalmefene [24], but resumption of heavy drinking has been the measure show-
ing the greatest benefits. Probably for the same reason, naltrexone has been
found to be helpful for alcoholics who were actively drinking at the onset of
treatment but not for ones who had already been abstinent for weeks [42].

It would be advantageous if the word “relapse” were used exclusively for
the resumption of heavy drinking, and if agreement could be reached as to
what precisely constitutes heavy drinking. Unfortunately, we then need some
other word for resumption of sampling and moderate consumption.

Conclusions

• The clinical results show that nalmefene is safe and well tolerated by heavy
drinkers and alcohol-dependent patients, regardless of whether they have
been detoxified or are still actively drinking.

• Nalmefene has inherent advantages over naltrexone in its dosing, duration
of action, lack of active metabolite, and lack of liver toxicity.

• Nalmefene can be effective, especially in reducing relapses to heavy drink-
ing, in the treatment of alcoholism.

• The efficacy of nalmefene in alcoholism treatment, like that of naltrexone,
is dependent upon the protocol with which it is used:

– Nalmefene is effective with Coping therapy.
– Nalmefene is effective without any structured psychosocial therapy.
– Nalmefene is not more effective than placebo with Motivational

Enhancement Therapy and probably, like naltrexone, not with programs
strongly supporting complete abstinence.

• Nalmefene is effective also in treating compulsive gambling.
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Introduction

Like other addictive disorders, alcoholism is characterized by long-lasting vul-
nerability to relapse after cessation of drinking. Increasing attention has, there-
fore, been directed toward identifying specific risk factors for relapse and to
establish the neurobiological mechanisms by which these factors convey vul-
nerability to relapse. At the same time, relapse prevention has emerged as an
important focus of treatment and medication development efforts.

An important neuropharmacological substrate for many of the neurobehav-
ioral effects of ethanol is the mesocorticolimbic dopamine (DA) system.
Evidence has accumulated in recent years implicating this system also in a
range of behavioral and neurobiological processes relevant for alcohol craving
and relapse. These findings identify DA transmission as a possible pharma-
cotherapeutic target for relapse prevention.

Evidence implicating dopamine neurotransmission as a target for
relapse prevention

Craving and relapse associated with ethanol cue exposure

Ethanol acutely increases the activity of the mesolimbic DA reward pathway
[1–5] and this effect has been widely implicated as a mechanism by which
ethanol exerts its reinforcing actions [6–9]. However, not only ethanol con-
sumption [5, 10], but also exposure to environmental stimuli associated with
ethanol can activate DA transmission in the nucleus accumbens [5, 10–12].
Thus, in addition to its role in the reinforcing effects of ethanol, mesolimbic
DA transmission may mediate the incentive-motivational effects of ethanol-
related environmental stimuli that are thought to be relevant for ethanol-
seeking, craving and relapse. The conditioning of ethanol’s pharmacological
actions with discrete environmental stimuli is a major factor in the abuse
potential of this drug [13]. Ethanol cues can evoke drug desire that may lead
to the resumption of drinking in abstinent alcoholics [14–21]. Drug-related
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stimuli may perhaps also elicit automatic responses that lead to drug-seeking
behavior and relapse without the intervention of distinct feelings of craving
[22, 23]. A role of DA in such conditioned responses to ethanol cues would
be consistent with the established general role of mesocorticolimbic DA
transmission in incentive learning and conditioned reinforcement associated
with both natural and drug rewards (e.g., [24–26]). In support of this possi-
bility, alcohol-related stimuli not only increase accumbal DA release in rats
[5, 10–12], but activate the ventral striatum (i.e., a DA-rich brain region) in
abstinent alcoholics [27]. Consistent with this hypothesis as well, pharma-
cological activation of DA transmission in the nucleus accumbens enhances
the ability of ethanol-paired stimuli to function as conditioned reinforcers
[28].

Craving elicited by “priming” doses of ethanol

It is well established that small doses of drugs of abuse including ethanol,
rather than reducing drug desire, elicit further drug craving (e.g., [29, 30]).
Moreover, in alcoholics, the first drink after abstinence is often associated
with “loss of control” leading to severe intoxication and return to continued
alcohol abuse [30]. A role for DA in this aspect of relapse has emerged in con-
trolled laboratory studies showing that the D2-preferring DA receptor antago-
nist haloperidol reduces alcohol craving in response to a “priming” dose of
ethanol in alcoholic patients [31]. Haloperidol also blocked the stimulant and
euphorigenic effects of ethanol in social drinkers [32]. The attenuation of
ethanol’s priming effects supports the view that craving and loss of control
following resumption of drinking are linked to DA-activating effects of
ethanol. More generally, these findings support the wealth of preclinical evi-
dence that has implicated DA as a major neuropharmacological substrate for
ethanol reward.

Neuroadaptation induced by chronic ethanol

In contrast to the acute effects of ethanol that activate mesolimbic DA neuro-
transmission, chronic dependence-inducing ethanol treatments lead to the
development of DA hypofunction. Animals chronically exposed to ethanol
show impaired DA synthesis (e.g., [33–35]) paired with elevated DA trans-
porter levels and, thus, presumably enhanced clearance of synaptic DA [34].
Impairments in mesolimbic DA function are particularly evident during with-
drawal with marked decrements in the activity of ventral tegmental DA neu-
rons [36, 37] and reduced extracellular DA levels in the nucleus accumbens
[38, 39]. Renewed ethanol administration reverses these functional deficits as
well as behavioral signs of withdrawal in rats [39, 40]. Consistent with these
findings in animals, the DA D2 agonist bromocriptine ameliorates ethanol

136 F. Weiss



withdrawal symptoms, including anxiety, depression, and restlessness in alco-
holics [41]. Deficient DA function, therefore, is likely to represent a neural
basis for the state of dysphoria and negative affect that accompanies ethanol
withdrawal such that restoration of normal DA function by appropriate phar-
macological agents may be a suitable strategy for relapse prevention.

Deficits in DA neurotransmission induced by chronic ethanol appear to be
long lasting. Midbrain DA neural activity still shows suppression three days
after withdrawal [42]. Measures of accumbal DA synthesis and turnover indi-
cate that the release of DA is deficient as late as two months after withdraw-
al [43], and impairments in DA D1-mediated signal transduction have been
observed as late as four months following withdrawal from long-term ethanol
exposure [44]. The persistent impairment in the functioning of mesolimbic
DA transmission likely has implications for vulnerability to relapse during
protracted ethanol withdrawal. Indeed, clinical studies suggest that retarda-
tion in the recovery of impairments in DA receptor function or DA-depend-
ent signal transduction is associated with the risk of early relapse [45, 46].
Relapse risk linked to delayed recovery of DA receptor function may not,
however, extend to heightened ethanol cue reactivity or cue-induced craving,
since a more recent study failed to demonstrate a relationship between DA
receptor sensitivity and craving induced by the smell of alcoholic beverages
[47]. A role of deficient DA transmission in the resumption of drinking has
also found important indirect support by findings that low endogenous DA
function is linked to predisposition for increased alcohol preference and
intake [48–50], whereas pharmacological enhancement of DA synthesis,
inhibition of DA degradation, or overexpression of D2 receptors by adenovi-
ral DRD2 gene delivery exert protective effects reducing ethanol preference
and intake [58, 51].

Exacerbation of drinking following ethanol deprivation

A well-described phenomenon in the alcohol literature is a marked increase in
ethanol consumption that follows periods of alcohol deprivation [52, 53]. This
“alcohol deprivation effect (ADE)” is considered a measure of motivation for
alcohol [52, 54], loss of control [55], or relapse [50, 56]. Similarities exist
between the alcohol deprivation effect in animals and human alcohol abuse
such as enhanced ethanol consumption after abstinence in social drinkers [57],
and aspects of the “loss of control” phenomenon surrounding the first drink
after abstinence in alcoholics [30, 58, 59]. With repeated deprivation and
increased length of deprivation periods, this phenomenon becomes resistant to
manipulations of ethanol concentration, taste, and environmental factors [55,
60, 61]. Moreover, increases in ethanol intake produced by repeated depriva-
tion outlast long abstinence phases [60] and may become irreversible [55]. The
ADE, therefore, provides a model to study compulsive alcohol-seeking behav-
ior and loss of control following resumption of drinking.
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Neurochemical studies implicate dysregulation of mesolimbic DA trans-
mission as a factor contributing to enhanced drinking following alcohol depri-
vation. DA release in the nucleus accumbens as measured by microdialysis
[62] as well as electrically evoked release of [3H]DA from accumbal tissue
[63] was increased after 2–3 weeks of ethanol deprivation in alcohol-prefer-
ring P and Wistar rats following several weeks of free access to ethanol. In
addition, under these conditions the ADE was associated with a reduction of
autoregulatory increases on accumbal DA overflow induced by D2 receptor
stimulation [62]. The latter finding suggests that increased DA activity result-
ing from compromised D2 autoreceptor function may play a role in the ADE
[62], although this interpretation is difficult to reconcile with the wealth of data
showing that increased DA function is associated with decreased ethanol pref-
erence and intake whereas preference and intake are increased in animals with
low DA function (e.g., [48–51]). Data from a model that utilized repeated dep-
rivation to induce high ethanol drinking also implicate impaired D1-mediated
signal transduction—as reflected by a decrease in the efficacy of DA to stim-
ulate striatal adenylyl cyclase activity—in deprivation-induced exacerbation
of ethanol intake [44]. Thus, persistent ethanol-induced changes in DA recep-
tor function may be responsible for increased ethanol drinking associated with
the ADE.

In summary, the literature points toward a prominent role for mesolimbic
DA transmission in behavioral and neurobiological processes relevant for alco-
hol relapse risk. Despite this evidence, only few preclinical studies have
explicitly tested the effects of pharmacological manipulation of DA neuro-
transmission on “relapse.” The following review will therefore extend beyond
data from strict animal models of relapse to include a wider spectrum of exper-
imental approaches relevant for evaluating the potential of DA transmission as
a treatment target for relapse prevention. Findings covered by this review are
summarized in Figure 1.

Manipulation of dopamine receptors and ethanol-seeking behavior

Conditioned ethanol-seeking behavior

A dopaminergic role in drug-related learning and the potential of DA antago-
nists to reverse ethanol-seeking induced by alcohol cues has been studied in
several animal models. These models have in common that they measure
behavior controlled by the incentive-motivational or conditioned reinforcing
effects of alcohol-associated environmental stimuli. These models differ, how-
ever, in terms of whether or not abstinence or extinction of ethanol-reinforced
behavior is imposed before testing for conditioned ethanol-seeking, and
whether or not conditioning occurs in conjunction with involuntary or self-
administration of ethanol.
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Conditioned reinstatement

In the context of the drug addiction literature, conditioned reinstatement refers
to the resumption of extinguished instrumental responding induced by non-
contingent exposure to a drug-related cue (for review see [64, 65]). Ethanol-
associated contextual stimuli reliably elicit recovery of responding at a previ-
ously ethanol-paired lever following extinction without further alcohol avail-
ability [66–72]. Moreover, the behavioral effects of these stimuli are remark-
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Figure 1. Conditioned reinstatement by olfactory discriminative stimuli associated with ethanol avail-
ability (S+) versus nonreward (S-), and modification of this effect by the D1 antagonist SCH23390 and
the D2 antagonist eticlopride. Rats were treated with DA antagonists 30 min before reinstatement
tests. Panels A, C: Total number of responses. For comparison, the figures show also the mean
(±SEM) number of responses during ethanol self-administration (�) and nonreward (�) condition-
ing sessions collapsed across the last three days of the conditioning phase (SA), as well as the mean
(±SEM) number of responses across the last three days of the extinction phase (EXT). * p < 0.05, **
p < 0.01 different from extinction baseline; + p < 0.05, different from vehicle. Panels B, D: Latency
to initiate responding. * p < 0.05, ** p < 0.01 different from vehicle. + p < 0.05, ++ p < 0.01 differ-
ent from 5 µg/kg. §§ p < 0.01 different from 10 µg/kg. Modified from Ref. 54 (with permission)



ably resistant to extinction in that recovery of ethanol-seeking does not dimin-
ish when these cues are presented repeatedly under non-reinforced conditions
[73].

Reinstatement of ethanol-seeking by ethanol-associated contextual stimuli
is sensitive to antagonism of DA transmission [74]. Rats operantly self-admin-
istering 10% ethanol in daily 30-min sessions were trained to associate distinct
olfactory discriminative stimuli with the availability of ethanol or absence of
reward. Following subsequent extinction of ethanol-reinforced responding the
animals were exposed to the discriminative stimuli previously predictive of
ethanol or no reward. Presentation of the ethanol-associated stimulus reinstat-
ed responding at the previously active lever. Both the DA D1-selective antago-
nist SCH 23390, and the DA D2-selective antagonist eticlopride, dose-depend-
ently attenuated this effect by increasing the latency to initiate responding and
decreasing the number of responses (Fig. 1). Similar effects were obtained in
rats with a history of ethanol dependence, tested three weeks following with-
drawal from a 12-day ethanol vapor inhalation procedure. Interestingly, the
dose-effect curve for SCH 23390 and eticlopride in these animals was shifted
to the left, resulting in an overall greater inhibition of reinstatement responses
at lower doses of these agents (Fig. 2). These findings suggest that in both non-
dependent and previously dependent rats, blockade of D1 or D2 receptors atten-
uates the conditioned incentive effects of ethanol-related contextual stimuli. A
likely explanation for the increased DA antagonist potency in previously
dependent rats involves the DA hypoactivity produced by chronic ethanol as
discussed above. Specifically, reduced synaptic availability of DA at the time
of testing may have been a factor contributing to the increased DA antagonist
potency in rats with a history of ethanol dependence.

Appetitive ethanol-seeking behavior

Recently, an ethanol self-administration model has been developed [75–77]
that dissociates ethanol-reinforced consummatory behavior (i.e., ethanol
drinking) from appetitive ethanol-seeking responses (i.e., behavior induced
and maintained by the incentive-motivational effects of ethanol-associated
contextual cues present in the self-administration environment). In this proce-
dure, rats must complete a set of responses at a lever during which time
ethanol is not available (appetitive phase). Completion of a given response
requirement within a specified time results in retraction of the lever and pres-
entation of a sipper tube containing 10% ethanol from which rats are then
allowed to freely drink (consummatory phase). Although this procedure is not,
strictly speaking, a model of “relapse” because no significant period of absti-
nence is imposed before tests, responding during the appetitive phase provides
a measure of the day-to-day strength of animals’ motivation to initiate and
engage in ethanol-seeking behavior when exposed to the ethanol-predictive
stimulus environment of the operant conditioning chamber. Thus, pharmaco-
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logical interventions that attenuate appetitive responding in this model may
provide relevant leads as to potential treatment targets for conditioned
ethanol-seeking and craving.

Data generated with this model have revealed that appetitively motivated
responding preceding the availability of ethanol is more sensitive to reversal by
dopamine D2-selective antagonists than actual ethanol intake [78, 79].
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Figure 2. Dose-effect curves for the attenuation of conditioned reinstatement by SCH 23390 and eti-
clopride in nondependent rats and rats with a history of prior ethanol dependence. Tests were con-
ducted in nondependent rats prior to a 12-day ethanol vapor inhalation procedure and, again, begin-
ning on day 21 after termination of ethanol vapor exposure (Postdependent). Drug effects are
expressed as mean (±SEM) percent inhibition of S+-induced responding compared to the effects of
vehicle injection. * p < 0.05 ** p < 0.01 different from Nondependent. Reproduced from Ref. 51
(with permission).



Raclopride, microinjected into the nucleus accumbens, delayed the onset of
appetitive responding and decreased the total number of responses. In contrast,
only a single high dose of raclopride reduced the consummatory response.
Systemic administration of another D2 antagonist, remoxipride, produced even
more selective effects on appetitive ethanol-seeking by dose-dependently
decreasing the number of appetitive responses, while having no effect on
ethanol consumption.

The findings above demonstrate that both conditioned reinstatement and
appetitive ethanol-seeking behavior are sensitive to reversal by DA antago-
nists. A role of DA in cue-controlled ethanol-seeking is supported further by a
study that examined the effects of the D2 antagonist haloperidol on responding
maintained by a conditioned stimulus (CS) that had been discretely paired with
ethanol-reinforced responses [80]. Haloperidol significantly reduced condi-
tioned responding at a previously active lever. Only a single dose was tested.
However, the effects of this dose were selective for responding at the lever
paired with the ethanol cue and responding at a control lever remained unal-
tered. This observation, therefore, lends additional support for the conclusion
that DA transmission participates in mediating ethanol-seeking behavior initi-
ated and maintained by ethanol-related environmental stimuli.

Expression of conditioned place preference

Place conditioning procedures permit examination of neuropharmacological
substrates involved in the acquisition and expression of the conditioned rein-
forcing effects of ethanol. In this model, manipulations that interfere specifi-
cally with the expression of conditioned place preference (CPP), once
acquired, provide information on the neuropharmacological basis of condi-
tioned ethanol-seeking behavior, whereas interference with the acquisition of
CPP is relevant for the understanding of mechanisms mediating the acute rein-
forcing effects of ethanol or the learning of Pavlovian associations. Like the
model of appetitive ethanol-seeking behavior, studies on the expression of
ethanol CPP have not involved imposition of abstinence and, thus, have limi-
tations with respect to providing a measure of relapse. Nonetheless, the degree
of preference for a previously ethanol-paired environment provides an index of
the strength of ethanol-seeking associated with the incentive-motivational
effects of an alcohol-associated stimulus context.

The strongest evidence in favor of a dopaminergic role in ethanol CPP
comes from knockout studies. Mice deficient in either D1 or D2 receptors as
well as mice lacking DARPP-32 (a phosphoprotein regulating D1 receptor
function) show reduced ethanol-induced conditioned place preference
[81–84]. In contrast to these findings, antagonists of the D1 (SCH 23390) or
D2 (raclopride, haloperidol) receptor failed to alter the expression of ethanol
conditioned place preference (CPP) [85, 86]. The D3-preferring antagonist
U99194A was shown to enhance the acquisition of ethanol CPP [87, 88], an
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effect that may depend on an additive interaction with ethanol because this D3

antagonist alone can produce CPP in rats [89]. The facilitating effects of
U99194A in pharmacological studies are difficult to reconcile with data from
D3 knockout mice that showed no change in ethanol CPP [90]. More impor-
tantly, U99194A failed to prevent the expression of ethanol CPP [30] indicat-
ing that blockade of D3 receptors does not interfere with the conditioned rein-
forcing effects of ethanol. In interpreting these CPP data it is important to con-
sider that effects in knockout models may depend on life-long loss of DA
receptor function, resulting in behavioral consequences different from those
produced by acute DA receptor blockade. Also, use of knockout preparations
leaves unclear whether the deficit in the targeted DA receptor population com-
promises the acquisition of ethanol CPP because ethanol is not reinforcing in
these animals, whether these animals are unable to learn Pavlovian associa-
tions, or whether deficiency in a particular DA receptor population interferes
with the expression of CPP.

As outlined earlier, the CPP data that pertain most directly to the question
as to whether DA plays a role in the conditioned incentive effects of ethanol-
paired environments are those that have examined whether the expression of
CPP is sensitive to pharmacological manipulation of DA neurotransmission. In
the studies that have taken this approach, neither D1 nor D2-selective antago-
nists altered ethanol CPP [85, 86], findings that are in clear contradiction with
the attenuation of ethanol-seeking behavior by D1 or D2 antagonists in models
of conditioned reinstatement [74], appetitively-motivated responding [78, 79],
and conditioned reinforcement [80]. Several factors may account for these dis-
crepancies. First, CPP studies typically employ involuntary administration of
ethanol. The reinforcing actions of ethanol under these conditions may differ
from those associated with voluntary oral self-administration. As a result, the
strength or nature of associations that are formed between ethanol and envi-
ronmental stimuli may differ in CPP versus self-administration procedures.
Importantly, as well, the number of learning trials in models of ethanol-seek-
ing that involve the conditioning of the effects of self-administered ethanol
with environmental stimuli is typically greater than in the CPP procedure.
Associations that are produced between specific environmental stimuli and
ethanol therefore presumably are weaker in the CPP model. Due to these dif-
ferences, the expression of conditioned ethanol-seeking responses may be dif-
ferentially sensitive to DA antagonists in CPP vs. self-administration models.
Lastly, it cannot be ruled out that different neural substrates are involved in
contextual conditioning in the case of CPP as opposed to stimuli associated
with active self-administration.

With these considerations in mind, data from behavioral models that involve
the conditioning of self-administered ethanol with environmental stimuli con-
sistently confirm that DA antagonists attenuate the motivating effects of
ethanol-related environmental stimuli. What limits this information with
respect to the potential of DA transmission to serve as a treatment target for
the prevention of cue-induced craving and relapse is that the great majority of
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data has been generated in ethanol nondependent animals. In addition to its
positive reinforcing effects, alcohol serves as a negative reinforcer during the
development of dependence by alleviating aversive withdrawal symptoms
(e.g., [91]). This type of drug-related learning may increase the salience of
ethanol as a reinforcer and consequently craving or drug-seeking produced by
ethanol cues compared to nondependent subjects for which the drug serves as
a positive reinforcer only. Additionally, ethanol-seeking in individuals with a
history of dependence is likely to be modified by neuroadaptive changes.
Chronic ethanol exposure alters DA function and these changes may modify
the effects of DA antagonist treatments on ethanol-seeking behavior as illus-
trated, for example, by the finding that the potency with which D1 and D2

antagonists suppress conditioned reinstatement is increased in previously
ethanol-dependent rats [74]. Thus, it will be important to more systematically
evaluate the role of DA in conditioned ethanol-seeking using animals with a
history of ethanol dependence and withdrawal.

The alcohol deprivation effect

Despite growing evidence of a dopaminergic role in the exacerbation of
ethanol intake following deprivation, only few studies have examined whether
the ADE is sensitive to pharmacological manipulation of DA receptors. In one
study [92], haloperidol administered daily during 14 days of deprivation fol-
lowing six weeks of free access to ethanol reversed the ADE measured on the
first post-treatment day in mice. The reduction in drinking was most pro-
nounced during the first 1.5 h of renewed access, a time period during which
ethanol intake was greatest in vehicle-treated controls. A proportionally small-
er, but significant reduction was observed during the remaining 22.5 h of the
first post-deprivation day, suggesting that drinking during the early and late
phases of the ADE is differentially sensitive to chronic haloperidol.
Nonetheless, the reversal of the ADE during the first hour of renewed access
may be indicative of protective effects of chronic D2 antagonist treatments
against “loss of control.” This effect may be mediated via haloperidol-induced
upregulation of postsynaptic D2 receptors and consequently enhanced DA
transmission, in agreement with the literature implicating D2 deficits in alco-
hol preference (e.g., [48–50]). In a second study, lisuride, an ergot derivative
acting as a D2 agonist, failed to reduce ethanol intake in rats tested in a long-
term free-access model that utilizes repeated brief deprivation periods to
induce high ethanol intake [44]. In fact, lisuride slightly increased consump-
tion in high ethanol drinking as well as previously ethanol-naïve rats, presum-
ably as a result of autoregulatory decreases in DA activity produced by the D2

agonist (see e.g., [93]), a condition that has been linked to increased ethanol
preference and intake [48–51].
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Is dopamine neurotransmission a promising treatment target?

As elaborated above, the neurobiological literature reveals a significant role
for DA in relapse risk associated with alcohol cue exposure as well as neu-
roadaptive changes in DA function. Preclinical data from studies targeting DA
receptors to attenuate ethanol-seeking behavior are largely consistent with this
literature and implicate DA neurotransmission as a treatment target.
Controlled laboratory studies in humans further support this possibility with
findings that blockade of D2 receptors reduces craving induced by an ethanol
priming dose, blocks the stimulant and euphorigenic effects of ethanol, and
reduces ethanol intake. While the latter findings provide excellent support for
a role of DA in acute ethanol reinforcement in humans it remains questionable
whether direct pharmacological manipulation of DA transmission represents a
promising pharmacotherapeutic approach for relapse prevention.

First, although preclinical evidence strongly suggests a potential for DA
antagonists in preventing or ameliorating craving and relapse associated with
alcohol cue exposure, the expectation of sustained therapeutic benefits with
DA antagonist treatments is fraught with the complication that such treatments
would exacerbate the DA hypoactivity that accompanies acute and protracted
withdrawal, and that has been linked to increased relapse risk. Second, DA
agonist treatments that, based on the preclinical literature, would be predicted
to reduce susceptibility to relapse by ameliorating DA hypofunction are prob-
lematic as well. The D2 agonist bromocriptine administered during the acute
ethanol withdrawal phase reduced craving, anxiety, restlessness and depres-
sion in hospitalized alcoholics [41]. Longer bromocriptine treatment (six
weeks) reduced craving and anxiety as well, particularly in alcoholics with the
D2 receptor A1 allele, but this treatment regimen failed to significantly reduce
attrition rates [94]. Similarly, a long-acting bromocriptine preparation
(Parlodel-LAR®) proved ineffective in reducing relapse rates in detoxified
alcoholics [95], and chronic treatment with another D2 agonist, lisuride, actu-
ally enhanced proclivity to relapse by decreasing the latency to resume drink-
ing [93]. This effect, and the lack of anti-relapse efficacy of D2 agonists in gen-
eral, appears to be a consequence of DA autoregulatory changes associated
with chronic DA agonist administration. More specifically, neuroendocrine
measures of dopaminergic responsivity to D2 stimulation in alcoholics suggest
that chronic lisuride produces an autoinhibitory reduction in dopaminergic
tone that likely exacerbates DA hypoactivity, thereby increasing the likelihood
of relapse [93].

As more extensively discussed in the Chapter by Carai et al., these clinical
findings provide further support for the hypothesis that DA transmission is an
important player in the regulation of ethanol-seeking, but illustrate also that
direct manipulation of this system, particularly in the context of chronic treat-
ments likely to be required for relapse prevention, is associated with complica-
tions that limit therapeutic promise. It remains to be determined whether low-
dose D1 antagonist treatments or agents that act as partial agonists at the D2
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receptor may prove beneficial. The latter class of agents that exert functional
agonist effects under conditions of low dopaminergic activity but exert antag-
onist actions when dopaminergic activity is high may offer some promise by
ameliorating chronic ethanol-induced DA deficits while at the same time atten-
uating DA “surges” associated with ethanol cue exposure. Partial agonists
including terguride and SDZ 208-911 reduce ethanol intake in rats with both
acute and chronic administration [96], but a possible “anti-relapse” potential of
these agents has not yet been established in appropriate animal models.

To properly evaluate the significance and potential of DA neurotransmission
to serve as a target for anti-relapse medications, it is important to bear in mind
that indirect modification of DA activity through agents that act on other neu-
rochemical systems may perhaps provide an effective approach, eliminating
problematic side- and secondary effects associated with chronic DA agonist or
antagonist treatments. In fact, as briefly discussed below, regulation or modi-
fication of DA activity by other neurochemical systems is likely to contribute
to the therapeutic actions of agents with established anti-craving or anti-
relapse efficacy.

Effects of indirect manipulation of dopamine transmission on ethanol-
seeking

Opiate antagonists

The nonselective opiate receptor antagonist naltrexone as well as mu-opioid
and delta-opioid-selective antagonists effectively reverse the behavioral effects
of ethanol-related stimuli in conditioned reinstatement [68, 70, 71, 97] and
CPP [98, 99] tests. Paralleling these findings, naltrexone attenuates cue-
induced ethanol craving [100, 101] and lowers relapse rates in alcoholic pop-
ulations ([102–107]; see also Chapters by Cowen and O’Brien et al.).

Opiate antagonists blunt the stimulatory effects of systemically and self-
administered ethanol on DA release in the nucleus accumbens [10, 108–110].
Interference with ethanol-induced activation of mesolimbic DA transmission
and, consequently, ethanol reward has therefore been implicated as a mecha-
nism by which opiate antagonists reduce ethanol intake. This naltrexone-
induced decrease in the rewarding efficacy of ethanol also may limit ethanol
intake during a “lapse” in abstinent alcoholics and thereby lower the incidence
of “full-blown” relapse.

A second mechanism for the therapeutic effects of naltrexone involving
interactions with DA transmission may be interference with the neurochemi-
cal effects of alcohol cues hypothesized to underlie conditioned cue reactivity
and craving. Anticipation of ethanol and exposure to alcohol-related contextu-
al stimuli can increase extracellular DA levels in the nucleus accumbens [5,
10–12], and alcohol cue exposure activates DA-rich brain regions in abstinent
alcoholics [27]. In view of the ability of opiate antagonists to block ethanol-
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induced stimulation of DA release, it is possible that these agents also interfere
with the DA-activating actions of ethanol cues. Direct evidence supporting this
hypothesis is still lacking. However, it is not unlikely that such effects may
contribute to the anti-craving effects of opiate antagonists in humans and their
inhibitory effects on conditioned ethanol-seeking behavior in animals.

Acamprosate

Acamprosate reduces relapse during ethanol withdrawal in humans and lowers
ethanol-seeking and intake in animal models (e.g., [111, 112]; see also
Chapters by de Witte et al. and Mann). The mechanism(s) underlying these
effects are not well understood, but are thought to involve reduction of neural
hyperexcitability associated with ethanol withdrawal via restoration of normal
N-methyl-D-aspartate receptor function [112–114]. Recent evidence indicates,
however, that acute acamprosate treatment also dose-dependently delays and
suppresses ethanol’s stimulatory effects on DA release in the nucleus accum-
bens [115]. This suggests that acamprosate may reduce relapse during with-
drawal by attenuating the ability of ethanol to activate the mesolimbic DA
reward pathway. Acamprosate, however, did not attenuate appetitive-phase
responding (i.e., ethanol-seeking elicited and maintained by the incentive-
motivational effects of a drug-related environment) in rats [116]. Thus, the DA
inhibitory effect of acamprosate and its consequences on ethanol intake may
be limited to the direct pharmacological actions of ethanol, without interfering
with the presumably DA-mediated effects of alcohol-related environmental
stimuli on ethanol-seeking behavior and craving.
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Introduction

There is reliable evidence from animal research that alcohol, like other drugs
of abuse, exerts its reinforcing effects by acting on the brain dopaminergic sys-
tems [1–5]. Neuroadaptive transformations (sensitization) of these systems are
considered to cause the transition from controlled to uncontrolled use of alco-
hol [6, 7].

It was assumed that the primary role of dopamine systems in reward is to
mediate the so-called subjective pleasurable and hedonic effects of addictive
drugs. This opinion was expressed most explicitly in the anhedonia hypothesis
of dopamine function [8]. Others offered contradicting evidence in that
dopamine systems do not mediate the pleasurable or euphoric effects. Rather
sensitization-like persisting neuroadaptations of dopamine systems may result
in a hyperactive reaction to the effects of drugs, even after long-term abstinence
(incentive-sensitization hypothesis) [9]. Dopamine neurons seem to respond to
salient stimuli and are thus involved in the anticipation of reward [1, 10].

There is increasing evidence from human studies implicating dopaminergic
neurotransmission in alcohol dependence. For example, after the administra-
tion of apomorphine, which is a dopamine receptor agonist, maximal growth
hormone (GH) response was significantly reduced in alcoholics who were two
months abstinent, when compared to controls [11]. Additionally, only alco-
holics with a positive family history for alcoholism (those with a biological
loading) revealed an impaired dopamine receptor function [13]. Finally,
relapsed alcoholics were characterized by a more blunted GH response to apo-
morphine than abstinent alcoholics, suggesting that a reduced sensitivity of
dopamine receptors is associated with a higher risk for relapse [14].

There is additional evidence regarding the involvement of the brain
dopaminergic systems in alcohol dependence from studies employing brain
imaging techniques such as photon emission computed tomography (PECT) or
positron emission tomography (PET) in humans [15]. For example, striatal
dopamine D2 receptor density and affinity to dopamine were found to be
reduced in alcoholics compared to controls [16]. This finding is supported by
another PET study showing decreased dopamine D2 receptor availability in
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alcoholics [17]. PECT studies reported decreased striatal dopamine transporter
densities in late-onset alcoholics [18] and interestingly, suggested a relation-
ship between low striatal dopamine D2 receptor levels and the risk for early
relapse in detoxified alcoholics [19].

Finally, there are genetic studies giving support to the implication of
dopamine systems in alcoholism [20, 21]. For example, bromocriptine, a
dopamine agonist, was reported to reduce craving selectively in alcoholics car-
rying the A1 allele of the dopamine D2 receptor gene [22] and recently it has
been hypothesized that the D2 dopamine receptor gene is a reinforcement or
reward gene for the effects of alcohol and other drugs of abuse [23]. Given this
importance of dopamine in alcoholism, there is a legitimate interest in
dopaminergic agents as treatments for alcohol dependence. Reports from ani-
mal studies suggest that dopamine agonists and antagonists both decrease
alcohol consumption (see Chapter 15). The present chapter selectively reviews
dopaminergic compounds experienced in human studies (Tab. 1). It discusses
their putative mechanisms of action and their efficacy.

Lisuride

The ergot derivative lisuride is a dopamine agonist which exerts its activity pri-
marily at postsynaptic dopamine D2 receptor sites. It also has weak dopamine
D1 antagonistic as well as serotonin 5-HT1a agonistic effects. The substance
is approved for the treatment of Parkinson’s disease and hyperprolactinemia.
Animal research and human studies on acute withdrawal suggested favorable
effects in psychostimulant addiction as well [24–26].

In a double-blind, placebo-controlled trial, 120 detoxified alcohol-dependent
subjects were randomly assigned a low dose of lisuride (1.0 mg/day), a high
dose of lisuride (1.8 mg/day) or placebo. Time-to-first-drink within six months
of treatment was defined as the primary parameter of efficacy. In contrast to the
original hypothesis, lisuride treatment significantly reduced the period of absti-
nence as compared to placebo (effect size: 0.51). Additionally, the authors
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Table 1. Dopaminergic compounds tested in randomised, double-blind, placebo-controlled trials with
an intention-to-treat analysis and outcome parameters related to abstinence

Dopaminergic compound Result Reference

Lisuride A sig. higher relapse rate under lisuride Schmidt et al 2002
compared to placebo

Tiapride No difference between tiapride and Bender et al (personal
placebo treatment communication)

Bromocriptine No difference between bromocriptine Naranjo et al 1997
and placebo treatment

Flupenthixol A sig. higher relapse rate under Wiesbeck et al 2001
flupenthixol compared to placebo



found a significant effect of drug expectancy on outcome, with the best out-
come in patients who were expecting lisuride but had received placebo [27].

In summary, there is only one randomized controlled trial on lisuride. It
reports a significantly better outcome under placebo. Therefore, lisuride can-
not be recommended for relapse prevention in alcoholics.

Tiapride

Tiapride is a benzamide derivative which is often categorized as an atypical
neuroleptic. It selectively antagonizes dopamine D2 receptors while lacking
affinity for dopamine D1 receptors. There are regional differences in the bind-
ing of tiapride within the central nervous system (CNS). The substance pref-
erentially binds to extrastriatal receptors, particularly in the hippocampus.
Tiapride is characterized by antidyskinetic properties as well as by anxiolytic
effects that have been shown in several animal models, including those involv-
ing ethanol withdrawal [27].

Tiapride has demonstrated clinical efficacy in ameliorating symptoms of
acute alcohol withdrawal [28, 29] and earlier reports suggested promising
effects in alcohol relapse prevention as well [30–33]. However, due to their less
rigorous methodology, the level of evidence of those early reports is limited.

In a double-blind, placebo-controlled trial, 100 detoxified alcohol-depend-
ent subjects were randomly assigned to either tiapride (300 mg/day) or place-
bo. Tiapride proved significantly better than placebo in maintaining abstinence
and in reducing alcohol intake on heavy drinking days, after both three and six
months of treatment [34]. The authors did not apply an intention-to-treat
analysis but restricted their statistical evaluation to solely studying completers.
Regarding relapse prevention, their study’s level of evidence is limited.

So far, there is only one study on tiapride using a rigorous methodology in
combination with an intention-to-treat analysis. Here, 300 detoxified alcohol-
dependent subjects were randomly assigned to either tiapride (300 mg/day) or
placebo. Primary parameters of efficacy were time-to-first-drink and relapse
rate after six months of double-blind treatment. The final result revealed no
difference between tiapride and placebo treatment (Bender et al., personal
communication).

In summary, earlier reports on tiapride are of poor quality and their positive
results have not been confirmed by a study with a more rigorous methodolo-
gy. So far, there is no convincing evidence for a superiority of tiapride to place-
bo in alcohol relapse prevention.

Bromocriptine

Bromocriptine, an ergot alkaloid derivative, is structurally related to dopamine
and it activates postsynaptic dopaminergic receptors. Since bromocriptine has
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been used to treat Parkinson’s disease for more than two decades, there exists
broad clinical experience of this drug. Bromocriptine is classified as a potent
dopamine D2 receptor agonist with partial dopamine D1 antagonist activity [35].

First experiences with respect to alcoholism were related to the treatment of
withdrawal. Some authors suggested that the drug ameliorates withdrawal
symptoms in chronic alcoholics, whilst others did not confirm these findings
[36, 37]. Using bromocriptine as a challenge drug, [38] there was reported evi-
dence for a reduced dopamine D2 receptor sensitivity in alcoholics.

The first study on relapse prevention was conducted in 50 chronic alco-
holics using a double-blind, placebo-controlled design [39]. Oral bromocrip-
tine (3 × 2.5 mg/day for 3 months, increased to 3 × 5 mg/day during months
4–6) reduced both craving and the number of patients drinking. However,
alcohol consumption data were not reliably collected and the evaluation was
solely restricted to completers.

Another study was performed so as to confirm and further extend these find-
ings. In a double-blind, placebo-controlled trial, the dose of oral bromocriptine
was gradually increased to 3 × 2.5 mg/day, and was given over a period of
seven weeks. A total of 84 subjects were enrolled; however, the analysis of
efficacy was restricted to only 38 treatment completers. Though there was a
marked improvement in almost all parameters between baseline and the end of
treatment, bromocriptine was not superior to placebo with respect to alcohol
consumption, drinking days per week, craving or GGT activity [40].

Powell et al. [41] conducted a double-blind, placebo-controlled trial of nor-
triptyline and bromocriptine in 216 male alcoholics, who were subtyped into
three groups according to the diagnosis (alcoholism only; alcoholism and
affective/anxiety disorder; alcoholism and antisocial personality disorder). The
only significant effect found, after six months of treatment, was with the anti-
social personality disorder patients, who were receiving nortriptyline. In this
group 64% of the trial completers remained sober (bromocriptine: 34%; place-
bo: 11%).

In a pharmacogenetic approach, bromocriptine (3 × 2.5 mg/day) or placebo
were double-blindly administered to 83 alcoholics with either the A1 allele
(A1/A1 and A1/A2 genotypes) or only the A2 allele (A2/A2 genotype) of the
dopamine D2 receptor gene [21]. The greatest improvement in craving was
reported in bromocriptine-treated alcoholics carrying the A1 allele, while attri-
tion was highest in the placebo-treated A1 alcoholics. The study indicates that
pharmacogenetic strategies for subtyping alcoholics may be useful for treat-
ment trials. However, since abstinence was not the goal of this study, it hence
does not shed light on the question of whether bromocriptine might, in fact, be
useful for relapse prevention.

So far, there is only one study [42] attempting to answer that question, by
using a randomized, double-blind, placebo-controlled design in combination
with an intention-to-treat analysis: 366 alcohol-dependent subjects were
assigned to one of three treatment groups (long-acting injectable preparations
of bromocriptine 25 mg/month or 50 mg/month or placebo). The primary vari-
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ables of efficacy were time-to-first-drink and time-to-relapse (defined as drink-
ing on ≥ five days per month and ≥ three drinks per day) assessed after six
months of treatment. The intention-to-treat analysis revealed no differences
between placebo and any dose of bromocriptine. Relapse rates to any drinking
were 73%, 71% and 76% (bromocriptine 25 mg, bromocriptine 50 mg, place-
bo), while relapse rates to heavy drinking were 35%, 42% and 38%
(bromocriptine 25 mg, bromocriptine 50 mg, placebo).

In summary, earlier reports on bromocriptine suffer from methodological
shortcomings and their data have not been conclusive. So far, there is no study
demonstrating a superiority of bromocriptine to placebo in maintaining absti-
nence or in reducing alcohol consumption. Therefore, bromocriptine cannot be
recommended for relapse prevention in alcoholism.

Flupenthixol

The thioxanthene neuroleptic flupenthixol is an antipsychotic drug that antago-
nizes dopamine binding at a number of receptor subtypes, primarily at D1, D2,
D3 and with less affinity at D4 receptors. It also affects serotonin and noradren-
aline binding [43]. Besides anecdotal reports and small-sample-size studies in
cocaine addicts, there are only a few studies investigating flupenthixol treatment
in alcoholism [44]. For example, a six-month treatment of 21 schizophrenic
patients with comorbid alcoholism resulted in a significant reduction of alcohol
consumption in the intra-individual pre-/post-treatment comparison [45].

So far, there is only one randomized, double-blind, placebo-controlled study
in alcoholism. In this trial 281 alcohol-dependent women and men, without
comorbid psychiatric disorder, received either 10 mg flupenthixol decanoate or
placebo as intramuscular injections. Primary efficacy parameters, which were
based on absolute abstinence, were rated after six months of active treatment
as well as after another six-month follow-up period. Subjects treated with flu-
penthixol revealed a significantly higher relapse rate (85.2%) after six months
than those treated with placebo (65.5%). Flupenthixol was also inferior to
placebo regarding the cumulative abstinence duration and the relapse rate after
12 months [46].

Two re-analyses were then calculated using these data. The first was done
according to the Lesch typology [47]. It revealed that the negative outcome
under flupenthixol treatment was restricted to patients belonging to Type I and
Type III, indicating the importance of specific patients’ characteristics and
their relevance for relapse [48, 49]. The second re-analysis, which was done
according to sex, discovered a significant gender-related effect. While men had
an almost four-fold higher risk to relapse under flupenthixol (odds ratio: 3.95),
this risk was barely elevated in women (odds ratio: 1.51). That is, the unfavor-
able outcome under flupenthixol was restricted to male alcoholics [50].

In summary, there is only one double-blind, placebo-controlled trial with an
intention-to-treat analysis and outcome variables based on abstinence.
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According to this study, flupenthixol treatment was associated with a signifi-
cantly higher relapse rate as compared to placebo. Therefore, this substance
cannot be recommended for relapse prevention in alcoholism.
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Introduction

Alcohol interacts, as a receptor modulator capable of selectively altering spe-
cific neurochemical processes, with multiple brain receptor systems. The
behavioral consequences of alcohol ingestion are thought to be the summation
of its effects at these receptor systems. The contribution of each receptor sys-
tem to the behavioral effects of alcohol varies as the alcohol dose/concentra-
tion is increased, providing a neurochemical basis for the dose-dependent
nature of alcohol effects. Accordingly, it may be conceived that at a given alco-
hol dose/concentration, a specific receptor system is more sensitive to alcohol
than others, thus resulting in a more prominent contribution to a particular
behavioral effect of alcohol.

Recent experimental results (reviewed in the present chapter) as well as pre-
liminary clinical data (reviewed in another chapter included in this book [1])
suggest that the GABAB receptor may be considered a novel player among the
receptor systems controlling different aspects of alcohol drinking behavior,
including alcohol consumption, alcohol relapse and alcohol appetitive proper-
ties. These preclinical and clinical findings feature GABAB receptor agonists
as promising agents in the pharmacotherapy of alcoholism.

Effect of GABAB receptor agonists on alcohol intake and alcohol
motivational properties in rats

Previous studies on the ability of GABAB receptor agonists to alter alcohol
intake (under the non-operant, 2-bottle choice regimen) and alcohol self-admin-
istration (under operant procedures) have yielded mixed results. Indeed, it has
been reported that the prototype GABAB receptor agonist, baclofen, reduces [2,
3], produces no change on [4], or even stimulates [5, 6] voluntary alcohol intake
in rats, when given a choice between two bottles containing an alcohol solution
and water, respectively. In the self-administration studies (where rats were
trained to press a lever to gain access to alcohol), and depending on the drug
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dose or the experimental procedure used, baclofen has been found to stimulate
[7] or decrease [7–9] operant responding for alcohol in rats. Furthermore, when
observed, the inhibition of alcohol-motivated lever pressing was not selective,
being accompanied by a proportional decrease in lever pressing for an alterna-
tive reinforcer such as sucrose [8]. In a study using the “sipper tube” model of
alcohol access, which permits some separation between the appetitive and con-
summatory aspects of alcohol self-administration, baclofen decreased alcohol-
seeking behavior (measured as the time spent in achieving the response require-
ment to gain access to the alcohol solution), while it increased alcohol-con-
summatory behavior (the amount of alcohol actually consumed) in rats [10].

More consistent results have been obtained in Sardinian alcohol-preferring
(sP) rats, one of the few rat lines selectively bred worldwide for high alcohol
preference and consumption. Indeed, recent work (as reviewed below) has
demonstrated that the pharmacological activation of the GABAB receptor in sP
rats resulted in the suppression of a) acquisition and maintenance of alcohol
drinking behavior, b) alcohol motivational properties, and c) alcohol relapse-
like drinking.

In the “acquisition” study [11], the GABAB receptor agonists, baclofen and
CGP 44532, were administered to alcohol-naive sP rats, i.e., rats which had
never consumed alcohol before the start of the experiment. Adult, male sP rats
were singly housed and injected intraperitoneally with either baclofen (0, 1
and 3 mg/kg) or CGP 44532 (0, 0.1, 0.3 and 1 mg/kg) once a day, for a total
of 10 consecutive days. Alcohol (10%, v/v) and water were offered under the
standard, homecage 2-bottle “alcohol versus water” choice with unlimited
access for 24 h/day, immediately following the first injection of baclofen or
CGP 44532. Food was available ad libitum.

In vehicle-treated rats, acquisition of alcohol drinking behavior had a rapid
onset, reaching an average daily intake of 5–6 g/kg (i.e., the amount of alco-
hol ordinarily consumed on a daily basis by sP rats) within 4–7 days. In con-
trast, daily alcohol intake was dose-dependently suppressed in baclofen- and
CGP 44532-dosed rats throughout the 10-day treatment period. Interestingly,
in the rat groups treated with the highest dose of each drug (3 mg/kg baclofen
and 1 mg/kg CGP 44532), daily alcohol intake was on average lower than
1.5 g/kg. Reduction in alcohol intake, induced by both GABAB receptor ago-
nists, was associated with a full compensatory increase in daily water intake,
so that the total daily fluid intake (i.e., the sum of alcohol solution and water
consumed) remained unchanged. Daily food intake (a variable usually record-
ed in pharmacological studies on alcohol intake as a signal of animal malaise
or nonselectivity of drug action) tended to be higher in the rat groups treated
with baclofen or CGP 44532, as compared to the vehicle-treated groups. This
is likely to be due to the fact that in the control group, part of the total calorie
intake was provided by alcohol. On completion of the treatment, daily alcohol
intake progressively increased in the 3 mg/kg baclofen-treated group as well
as in the 1 mg/kg CGP 44532-treated group, reaching control values after
10–14 days. Water intake diminished consistently.
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A separate experiment [12] investigated the effects of baclofen on voluntary
alcohol intake in alcohol-experienced sP rats, i.e., rats in which the consump-
tion of pharmacologically relevant doses of alcohol was already established
before baclofen administration. Alcohol-experienced rats are thought to repre-
sent a model of the “maintenance” or “active drinking” phase of human alco-
holism. In this study, adult male sP rats were singly housed and exposed to alco-
hol for approximately 2 months before starting with drug treatment. Alcohol
(10%, v/v) was offered under the 2-bottle “alcohol versus water” regimen with
unlimited access for 24 h/day. Food was readily available. Alcohol intake aver-
aged 6 g/kg/day across the 2-month period of alcohol exposure, which preced-
ed the start of the experiment. Baclofen was injected intraperitoneally at doses
of 0, 2.5, 5 and 10 mg/kg, once a day for a total of 14 consecutive days.

Alcohol intake in vehicle-treated rats averaged between 5.5 and 7 g/kg
throughout the 14-day treatment period, whereas those animals treated with
baclofen experienced a dose-dependent reduction of up to 40–50% in daily
alcohol consumption. However, tolerance to the reducing effect of baclofen on
alcohol intake progressively developed on continuing treatment. An increase
in daily water intake fully compensated the reduction in alcohol consumption,
with the total daily fluid intake remaining virtually unchanged. Food intake
was significantly altered only by treatment with 10 mg/kg baclofen. This
effect, however, was present only during the first half of the treatment period.

The results of the “acquisition” and “maintenance” experiments suggest
that stimulation of the GABAB receptor by baclofen and/or CGP 44532 results
in a virtually complete blockade of the disclosure and experience of those
effects of alcohol that sustain alcohol drinking behavior, which is otherwise a
phenomenon with a rapid onset and stable maintenance in sP rats, as indicat-
ed in control rats by the constant daily intake of pharmacologically relevant
amounts of alcohol from the very beginning of alcohol exposure.

The above-mentioned experiments, performed with the 2-bottle choice par-
adigm, focused on the effect of baclofen and CGP 44532 on some consumma-
tory aspects of alcohol ingestive behavior in sP rats. Subsequently, we extend-
ed to the appetitive, or motivational, properties of alcohol the investigation on
the anti-alcohol effect of GABAB receptor agonists. Specifically, we evaluated
the effect of baclofen on the extinction responding for alcohol, defined as the
maximal amount of “work” that a rat trained to lever-press for alcohol is will-
ing to perform to obtain alcohol [13]. Extinction responding has been proposed
to represent an index of the appetitive strength of alcohol [14, 15]: the more
the rat “works” on the lever, the stronger its motivation to gain access to alco-
hol. Recent work [16] has shown that sP rats trained to lever-press for alcohol
displayed a) high values of extinction responding for alcohol, and b) a high and
positive correlation between extinction responding and alcohol self-adminis-
tration of the preceding session. Thus it is confirmed that alcohol possesses
strong motivational capacities in sP rats, highlighting the suitability of this rat
line for the planned study.
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In the baclofen study [13], adult male sP rats were initially trained to lever-
press for oral alcohol (15%, v/v) in daily 30-min sessions under a fixed ratio 4
(FR4) schedule (i.e., every 4 consecutive presses of the lever resulted in the
presentation of a 0.1 ml drop of alcohol solution). After approximately 20 ses-
sions, all rats displayed a robust and stable lever-pressing behavior, which
resulted in a mean alcohol intake of 0.6 g/kg/session, with blood alcohol levels
in the range of 40–50 mg%. A separate group of sP rats, trained to lever-press
for 3% (w/v) sucrose under identical conditions, was included in the study to
assess the specificity of the baclofen action on extinction responding for alco-
hol. Extinction responding for alcohol or sucrose was defined as the maximal
number of lever presses attained by each rat in the absence of alcohol or
sucrose reinforcement. More specifically, during extinction sessions, rats were
exposed to the operant chamber for 30 min with lever-pressing not resulting in
any alcohol or sucrose presentation. On test sessions, baclofen was injected
intraperitoneally at doses of 0, 1, 2 and 3 mg/kg. Each dose of baclofen was
tested in every single rat of both groups under a latin-square design.

Extinction responding for alcohol and sucrose in saline-treated rats averaged
54.8 ± 8.4 and 55.6 ± 13.2 (mean ± SEM), respectively, suggesting that 15%
alcohol and 3% sucrose had comparable motivational properties in sP rats.
Pretreatment with baclofen resulted in a dose-dependent suppression of extinc-
tion responding for alcohol: lever pressing of the rat groups treated with 1, 2
and 3 mg/kg baclofen was 64, 88 and 98% lower, respectively, than that
observed in saline-treated rats. Seven out of eight rats in the 3 mg/kg baclofen-
group, in fact, completely avoided pressing the lever. In the “sucrose” experi-
ment, only the highest dose of baclofen tested significantly affected extinction
responding for sucrose; extinction values in the rat groups treated with 1, 2 and
3 mg/kg baclofen were 23, 46 and 99% lower, respectively, than those observed
in saline-treated rats. Taken together, these results suggest that baclofen was
more potent in reducing the motivation for alcohol than for sucrose.

A separate experiment found that the above doses of baclofen did not affect
spontaneous motor activity in sP rats, when tested in an open-field arena, sug-
gesting that the suppressing effects of baclofen on extinction responding were
indeed secondary to its ability in reducing the appetitive strength of alcohol
and, furthermore, not due to muscle-relaxant or sedative properties of the drug.

These results suggest the involvement of the GABAB receptor in the neural
system mediating alcohol reinforcement in sP rats, and that the reducing
effects of baclofen on alcohol intake in sP rats may be secondary to its ability
in suppressing the motivational properties of alcohol.

In conclusion, there appear to be some discrepancies of present-day data in
the literature (indicating mixed effects of baclofen on alcohol intake and self-
administration [2–10]) and those collected in sP rats (which consistently depict
a reducing effect of baclofen and CGP 44532 on alcohol preference, consump-
tion and motivational properties). Differences in the baclofen dose-range, route
of baclofen administration, and the procedure of alcohol exposure may account,
at least in part, for these discrepancies. However, the strain of rats used in these
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studies may be – to our understanding – an important factor in explaining these
differences. Rats of the sP lines apparently possess a genetically determined
sensitivity to the reducing effect of GABAB receptor agonists on alcohol intake
and reinforcement, which may not be present in other rat strains. This peculiar
sensitivity makes sP rats a proper animal model for investigations concerning
the role of the GABAB receptor in the control of alcohol-ingestive behavior.
Furthermore, the inconsistencies among the data generated with sP and other rat
strains are not completely surprising, as a wide heterogeneity has historically
been found among the different lines of alcohol-preferring rats with regard to
the efficacy of certain drugs in reducing alcohol intake and self-administration.
Thus, this replicates, to some extent, the different efficacies of some pharma-
cotherapies among the different types of alcoholics (e.g. [17–19]).

Effect of GABAB receptor agonists on relapse-like behaviors in rats

With a deeper focus on the scope of the present book, we report here the results
of a series of experiments designed to investigate the effects of baclofen and
CGP 44532 on the so-called alcohol deprivation effect (ADE), i.e., the tran-
sient increase in alcohol intake which occurs in several animal species follow-
ing a period of abstinence from alcohol. This phenomenon has been proposed
to model the loss of control over alcohol and the episodes of alcohol relapse
seen in human alcoholics (see [20, 21]). Rats of the sP line appear to consti-
tute a proper animal model for pharmacological investigations of ADE, as they
have been found to display a pronounced ADE during the first hour of re-
access to alcohol following its deprivation [22, 23]. Furthermore, ADE in sP
rats has been found to be reduced with naltrexone (this laboratory, unpublished
observations), a drug reported to possess some efficacy in reducing the likeli-
hood of relapse in alcoholics (see [24]), providing evidence for the predictive
value of this animal model with regard to human pathology.

In experiments carried out to test the effect of baclofen [25] and CGP 44532
on ADE, individually housed adult male sP rats were initially offered alcohol
(10%, v/v) and water under the standard 2-bottle choice with unlimited access
for 8 consecutive weeks. Subsequently, rats were divided into 2 groups
(matched for alcohol intake over the last 7 days): one group was deprived of
alcohol for 14 consecutive days, during which water was the sole fluid avail-
able (alcohol-deprived rats); the second group continued to have unlimited
access to alcohol and water (alcohol-nondeprived rats), consuming an average
of approximately 6 g/kg/day alcohol. At the end of the deprivation phase,
30 min before lights off, rats of both groups (alcohol-deprived and -nonde-
prived) were further divided into 4 subgroups (n = 7–8 in both experiments)
and acutely injected with 0, 1, 1.7 and 3 mg/kg baclofen, or with 0, 0.03, 0.1
and 0.17 mg/kg CGP 44532. Both drugs were injected intraperitoneally.
Alcohol was re-presented at lights off and its consumption was recorded
60 min later (previous studies indicated that 60 min after alcohol representa-
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tion is the time interval during which ADE is maximal in sP rats [22, 23]).
Standard rat chow was available throughout the studies.

In both experiments, alcohol intake was 50–80% higher in saline-treated
alcohol-deprived rats than in saline-treated alcohol-nondeprived rats (Fig. 1);
this increase in alcohol intake was indicative of the development of a marked
ADE. This increase in alcohol intake was eliminated by baclofen and
CGP 44532. Indeed, all doses of baclofen (Fig. 1, top panel) and the two high-
est doses of CGP 44532 (Fig. 1, bottom panel) resulted in a virtually complete
suppression of the extra intake of alcohol produced by alcohol deprivation.
Importantly, no dose of baclofen or CGP 44532 affected water and food intake,
tending to exclude that the action of baclofen and CGP 44532 on ADE was due
to their muscle-relaxant and sedative effects. Accordingly, complementary
experiments on motor activity found that the doses of baclofen and CGP 44532
that suppressed ADE neither affected the time spent moving, nor the distance
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Figure 1. Suppressing effect of the GABAB receptor agonists, baclofen (top) and CGP 44532 (bot-
tom), on the alcohol deprivation effect (ADE) in sP rats given alcohol under the 2-bottle choice regi-
men. Each bar is the mean ± SEM of n = 7–8. *: P < 0.05 with respect to saline-treated alcohol-non-
deprived rats; +: P < 0.05 with respect to saline-treated alcohol-deprived rats (Newman-Keuls test).
Top panel reprinted from Drug Alcohol Dep 70: 105–108, 2003, with permission from Elsevier.



traveled, nor the number of rearings (measures of horizontal and vertical motor
activities in rodents) in alcohol-consuming sP rats tested in an open-field arena.

As demonstrated for several other alcohol-related behavioral responses,
multiple receptor systems are likely to be involved in the expression of ADE.
Indeed, drugs acting at the glutamate [26–31], opioid [32–34], dopamine [35],
GABAA/benzodiazepine [36], and cannabinoid [37] receptors have also been
reported to modulate ADE in rats and mice. The results of the present study
include the GABAB receptor in the neural substrate mediating ADE.

Finally, because of the predictive validity of ADE as an experimental model
of alcohol relapse, the results of the present study suggest that baclofen may
possess some efficacy in preventing relapse in human alcoholics. The results
of preliminary, clinical surveys, reviewed by Addolorato and colleagues [1],
apparently support this hypothesis, suggesting that baclofen may constitute a
novel medication for alcoholism.
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Introduction

Alcohol abuse and alcoholism represent a world wide problem, both from a
medical and a social point of view. Alcohol dependence affects nearly 10% of
the general population both in the United States [1] and in Europe [2], with the
high prevalence rate of alcohol-related problems only highlighting the public
health importance of this disorder.

The application of pharmacological means in the treatment of patients suf-
fering from alcohol abuse and alcoholism represents an ever-growing field
with which to enhance alcohol abstinence and prevent relapse, while also com-
plementing psychosocial interventions which have been used for many years.

In recent years, several drugs useful in the treatment of alcohol addiction
have been tested both in pre-clinical and clinical studies. Among them baclofen
(beta-(4-chlorophenyl)-γ-aminobutyric acid) has shown promising results.

Baclofen is a lipophilic derivative of GABA and a stereoselective GABAB

receptor agonist [3]. At present, it is used clinically in order to control spastic-
ity [4].

Recent pre-clinical studies (reviewed in another chapter included in this
book [5]) and clinical data (reviewed in the present chapter) have shown that
baclofen has been effective in the treatment of alcohol addiction, both in emer-
gencies and in relapse prevention, as well as in the treatment of other substance
abuse.

Baclofen in alcohol dependence: relapse prevention

Clinical management of the alcohol addiction disorder is aimed at attaining
relief from withdrawal syndromes and ensuring a smooth transition into a
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treatment program so as to achieve alcohol abstinence. Thus, relapse preven-
tion represents the main objective of the treatment. This program includes both
pharmacological as well as psychosocial approaches [6–9].

As far as the pharmacological approach is concerned, clinical studies point
to baclofen as a new useful drug in the treatment of patients with alcohol prob-
lems. Krupitsky and co-workers [10] showed that baclofen is effective in
reducing affective disorders in alcoholic patients. Affective disorders along-
side alcohol dependence can increase withdrawal severity and vulnerability to
relapse. The sample included in their study had 3 to 4 weeks of alcohol absti-
nence, with all subjects suffering from secondary affective disorders, in par-
ticular anxiety, and depression, or both. Patients were randomly divided into 4
groups and treated for a period of 3 weeks with 37.5 mg/day baclofen,
15 mg/day diazepam, 75 mg/day of amitriptyline, or placebo. The Zung Scale,
the Minnesota Multiphasic Personality Inventory, Spielberger’s State-Trait
Anxiety, blood platelet MAO-B activity, plasma levels of dopamine, serotonin
and GABA, as well as an electroencephalogram (EEG), were evaluated at the
start and at the end of the study. The results of the post-treatment rating scale
scores showed a significant decrease in anxiety and depression in all drug-
treated patients as compared to the placebo group. However, while subjects
treated with diazepam and amitriptyline experienced sedation, no side-effects
were found in the baclofen-treated patients. The results indicated that selective
ligands of GABAB receptors can be as effective in treating affective disorders
in alcoholics as GABAA receptor ligands, and were associated with lower side-
effects.

After promising data were obtained from an open pilot study, performed in
a small sample of selected patients [11], the efficacy of baclofen was recently
evaluated in patients affected by alcohol addiction in a controlled double-blind
randomized study [12].

After 12–24 h of abstinence from alcohol, a total of 39 patients were ran-
domly divided into two groups. The patients were treated with oral adminis-
tration of baclofen or placebo for a total of 30 days, starting at a dose of
15 mg/day for the first three days and 30 mg/day for the subsequent 27 days.
Each subject was checked as an outpatient every week and at each visit rou-
tine psychological support and counselling were provided, attended to by the
same professional staff. Craving level was evaluated using the Italian version
[13] of the Obsessive Compulsive Drinking Scale (OCDS) [14] at the start of
the study (T0) and at each weekly outpatient visit. Abstinence from alcohol
was measured on the basis of a patient’s self-evaluation, a family member
interview, as well as main biological markers of alcohol abuse. A self-report-
ed alcohol intake was recorded as the average number of standard drinks con-
sumed per day. Variation of state anxiety by the State and Trait Inventory test,
Y1 axes, and of current depression by the Zung Self-Rating Depression Scale
were recorded. The percentage of drop-outs was lower in the baclofen as com-
pared to the placebo group. Furthermore, a significantly higher number of
patients who achieved and maintained abstinence throughout the experimental
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period, were found among the group of patients treated with baclofen. The
study showed a significant effect of the drug in reducing alcohol intake. In the
baclofen group, the average number of daily drinks was virtually completely
suppressed within the first week of treatment (Fig. 1). The OCDS craving
score in the baclofen group was constantly lower than that monitored in the
placebo group (Fig. 2; top panel). A significant effect of drug treatment on
both the compulsive (Fig. 2; central panel) and obsessive (Fig. 2; bottom
panel) drinking sub-scale of OCDS was found, with scores in the baclofen
group consistently lower than those of the placebo one throughout the study.
While lower scores of state anxiety were found in the baclofen group relative
to the placebo one, no significant difference was observed regarding the
depression score. Tolerability was fair in all patients and no systemic or sin-
gle-organ event leading to drug cessation was reported. No patient reported
euphoria or any other pleasant effects caused by the drug. No subject showed
craving for the drug either. Furthermore, at drug discontinuation, no with-
drawal syndromes or side-effects due to drug suspension were observed.

In conclusion, the study showed that the administration of low doses of
baclofen in alcohol-dependent patients has a significantly higher efficacy,
when compared to placebo, in inducing alcohol abstinence, reducing alcohol
intake and alcohol craving in both components (obsessive and compulsive) as
well as reducing state anxiety. The higher efficacy of baclofen with respect to
placebo could be related to its anti-reward and anti-craving action. In fact, the
drug was effective in quickly decreasing both compulsive and obsessive com-
ponents of craving. The anti-craving effect of baclofen could be due to the abil-
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Figure 1. Number of daily drinks in baclofen and placebo groups at T0 (baseline) and over the four
weekly visits (T1–T4).



ity of the drug to interfere with the neuronal substrates mediating the reinforc-
ing properties of ethanol [5].
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Figure 2. Obsessive-Compulsive Drinking Scale (OCDS) total (top panel), OCDS Compulsive
Drinking subscale (centre panel) and OCDS Obsessive Drinking subscale (bottom panel) scores in
baclofen and placebo groups at T0 (baseline) and over the four weekly visits (T1- T4).



These data indicate that baclofen could have an important role in the treat-
ment of patients affected by alcoholism, especially taking into account the
safety of the drug. In particular, the ability of the drug in reducing the main
components of craving, suppressing alcohol intake, and reducing anxiety as
well as in suppressing alcohol withdrawal symptoms (see below) further
emphasize its efficacy as a drug useful in relapse prevention.

Alcohol withdrawal syndrome

Recent preliminary data showed that baclofen could be effective in the treat-
ment of alcohol-dependent patients affected by severe alcohol withdrawal
syndrome (AWS) [15] also complicated by delirium tremens (DT) [16]. In par-
ticular, patients with a Clinical Institute of Withdrawal Assessment revised
(CIWA-Ar) scale score higher than 20 points, showing the presence of severe
AWS that required pharmacological treatment, were evaluated. Baclofen was
orally administered at 10 mg, every 8 h. The CIWA-Ar was applied every hour
for 4–8 h. A rapid decrease of the CIWA-Ar score and a marked improvement
of AWS symptoms were observed in the first few hours after baclofen admin-
istration in all treated patients (Fig. 3). In particular, a rapid decrease of some
withdrawal symptoms such as anxiety, agitation and depression was observed.
Furthermore, these data could be of interest, as it has already been shown that
a rapid decrease of these factors may facilitate the patient’s transition into a
long-term rehabilitation program [17].

A case of AWS complicated by DT, and successfully treated with baclofen
(25 mg orally administered every 8 h for the first three days, then a tapering
off of the dose to 10 mg every 8 h), has recently been reported [16]. In this case
as well, a rapid decrease of the CIWA-Ar score and a marked improvement of
AWS and DT symptoms were observed starting from the first hour on after
baclofen administration, due to dissipation of nausea, vomiting, tactile distur-
bances and hallucinations, and a reduction in other symptoms. After drug dis-
continuation, AWS and DT symptoms did not recur. Furthermore, in AWS and
DT treatment, baclofen was manageable, without resulting in any significant
side-effects. In particular, no sedation or respiratory disorders were present in
the treated patients.

Moreover, as it has been shown that baclofen is effective in reducing alco-
hol craving and intake and in inducing and maintaining abstinence from alco-
hol as well as in suppressing AWS (if the present data are confirmed), then
the use of a single drug like baclofen could be more appropriate, as opposed
to various drugs, for the management of AWS and DT, and then followed by
a program to maintain alcoholic patients in long-term alcohol abstinence
[16].

Future studies are needed to confirm the present data. At present, the use of
baclofen for the treatment of AWS and DT in clinical practice is inappropriate,
until its safety and effectiveness can be examined in controlled clinical trials.
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Baclofen in other substance dependence

Heroin

The first studies examining the use of baclofen in opioid-dependent patients
were carried out by Krystal and co-workers [18]. In an open label pilot study,
five opiate-dependent patients underwent a baclofen-assisted opiate detoxifi-
cation after an abrupt discontinuation of methadone. Baclofen was adminis-
tered in 80 mg/day doses, and all patients reported some reduction in discom-
fort. However, 3 out of the 5 patients did not manage to complete the detoxi-
fication process with baclofen, primarily because of an insufficient suppres-
sion of vomiting, myalgias and headache. These patients completed their
detoxification with clonidine. Therefore, the findings suggest a limited use of
baclofen as a primary treatment choice for opiate dependence.
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Figure 3. Scores on the revised Clinical Institute of Withdrawal Assessment for Alcohol scale of the
patients included in the study during the 30-day observation period. Baclofen (10 mg, orally) was
administered. CIWA-Ar was administered immediately after the observation at time 0; subsequently,
baclofen (10 mg, orally) was administered every 8 h for 30 consecutive days. The withdrawal scale
was administered every hour for the first 4–8 h, once a day from day 3 to 7 and once a week from
week 2 to week 4.



Akhondzadeh and coworkers [19] compared the efficacy of baclofen with
clonidine regarding acute detoxification of opioid-dependent subjects. The
authors found that baclofen proved as effective as clonidine in the management
of physical symptoms of opiate withdrawal syndromes. Further, baclofen
showed a significantly higher efficacy with respect to clonidine in the man-
agement of mental symptoms. In a subsequent randomised, double-blind con-
trolled study, the same authors showed that there was no significant difference
between the baclofen and clonidine treatment in terms of dropout and overall
side-effects among the opioid-dependent subjects treated [20]. However, the
low incidence of hypotension in patients treated with baclofen could suggest
that this drug may be suitable for outpatient ambulatory treatment of opiate
withdrawal syndrome [20].

Recently, Assadi and co-workers evaluated the efficacy of baclofen in main-
tenance treatment of opioid-addicted patients [21]. In this study, 40 opioid-
dependent patients were detoxified and randomly assigned to receive baclofen
(60 mg/day) or placebo. Treatment retention was significantly higher in the
baclofen group. Baclofen showed a significantly higher efficacy with respect
to placebo in terms of opiate withdrawal syndrome and depressive symptoms.
A generally favorable response was also found in the baclofen group as regards
some outcome parameters, including opioid craving and self-reported opioid
and alcohol use. However, no difference was found in the rates of opioid-pos-
itive urine tests.

Cocaine

Preclinical studies have shown that baclofen a) prevents the development of
cocaine-induced behavioral sensitization, b) abolishes the motor stimulant
actions of cocaine, and c) suppresses the intravenous self-administration of
cocaine [22, 23]. Shoptaw and co-workers carried out a randomized placebo-
controlled trial of baclofen with respect to cocaine dependence [24]. This
screening trial evaluated whether baclofen demonstrated sufficient clinical
efficacy so as to recommend an adequately powered trial of the medication as
a pharmacotherapy for cocaine dependence. Project findings showed an initial
clinical efficacy of baclofen over placebo in reducing cocaine use, when
administered concurrently with thrice-weekly drug abuse counselling sessions.
The effects of baclofen were particularly apparent for those participants with
chronic levels of cocaine use at baseline and provide support for a full-scale
efficacy trial for baclofen, especially among this subgroup of patients.

Very interesting data have been reported in recent imaging studies per-
formed in cocaine-dependent patients [23]. These subjects were given
baclofen (10–20 mg twice daily) for 7–10 days prior to a Positron Emission
Tomography (PET) session, with results showing a substantial blunting of cue-
induced craving and no limbic anterior cingulate and amygdalar activation to
cocaine (versus non-drugs) videos [23]. These data indicate that craving is
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reduced and limbic activation eliminated in cocaine-dependent patients treat-
ed with baclofen, suggesting that baclofen may help protect against cue-
induced craving and that its benefits can potentially be sustained for years.

Finally, Lile and co-workers [25] showed that pre-treatment with baclofen
does not influence acute behavioral effects (e.g., the reinforcing, subject-rated
or cardiovascular effects) of intranasal cocaine administration in humans.

Nicotine

The mesolimbic dopamine system has been implicated in the reinforcing
effects of nicotine, a drug which appears to act, at least in part, through the
ventral tegmental area (VTA). Nicotine activates a circuitry in which µ-opioid
receptors are situated, especially GABAergic elements [26]. In 2001, Cousins
and coworkers [27] studied the acute effect of a single dose of baclofen on cig-
arette smoking, craving for nicotine, cigarette taste, and smoking satisfaction.
Baclofen did not change the number of cigarettes smoked by the subjects, nor
did it change ratings of nicotine craving. However, baclofen did alter the sen-
sory properties of smoked cigarettes. It also produced mild sedative-like sub-
jective effects, such as increases in feeling ‘relaxed’. Thus, although baclofen
did not reduce cigarette craving or smoking, it did produce some mood-alter-
ing effects and changes in sensory aspects of smoking that may facilitate
smoking cessation.

Conclusions

A growing number of both pre-clinical and clinical studies support the idea
that GABAB compounds may attenuate the craving and the reinforcing effects
of alcohol, cocaine, heroin and nicotine [28]. The findings reviewed in the
present chapter suggest that the GABAB agonist baclofen may offer a power-
ful method for controlling drug abuse in humans.
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Introduction

Cannabinoid CB1 receptors are G-protein coupled receptors, located in differ-
ent brain areas, including the cerebral cortex, hippocampus, basal ganglia, lim-
bic structures and cerebellum (see [1]). Together with their endogenous lig-
ands (anandamide and 2-arachidonyl-glycerol- identified to date), cannabinoid
CB1 receptors constitute the so-called “endocannabinoid system”. When acti-
vated, cannabinoid CB1 receptors suppress the neuronal release of different
excitatory and inhibitory neurotransmitters, including acetylcholine, noradren-
aline, dopamine, serotonin, GABA, glutamate and aspartate (see [1]). As a
consequence, cannabinoid CB1 receptors have been implicated in physiologi-
cal functions such as cognition, control of movement, pain perception, and
emotional responses as well as appetite (see [1]).

Furthermore, in recent years, accumulating lines of experimental evidence
have suggested the possible involvement of the brain cannabinoid CB1 recep-
tor system in the neural circuitry controlling alcohol intake, including alcohol
relapse-like drinking, and alcohol reinforcing properties. Specifically, the
acute administration of cannabinoid receptor agonists CP 55,940 and WIN
55,212-2 has been found to stimulate alcohol intake in selectively bred
Sardinian alcohol-preferring (sP) rats [2] and enhance the break-point for beer
(i.e., an index of the appetitive or motivational properties of alcohol) in Wistar
rats [3]. These effects were completely blocked via pre-treatment with the
selective cannabinoid CB1 receptor antagonist SR 141716, indicating that they
were indeed mediated by the cannabinoid CB1 receptor [2, 3].

Conversely, the administration of SR 141716 has repeatedly been reported
to produce opposite effects. Specifically, SR 141716 has been found to:

a) Reduce voluntary alcohol intake and alcohol preference under the home
cage, 2-bottle “alcohol versus water” choice paradigm in alcohol-experi-
enced C57BL/6 mice [4], sP rats [5] and Wistar rats [6], which may model
the “maintenance” or “active drinking” phase of human alcoholism;
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b) Suppress the acquisition of alcohol drinking behavior in alcohol-naive sP
rats, that is rats which had never consumed alcohol before the start of the
experiment [7];

c) Suppress the alcohol deprivation effect (ADE; a model of alcohol relapses
in human alcoholics) in sP rats (see below);

d) Decrease the oral self-administration of alcohol in unselected rats tested
under operant procedures (i.e., experimental paradigms in which rats were
trained to press a lever to gain access to alcohol) [8] (see also L. Parsons and
G. Koob’s contribution to [9]);

e) Attenuate the appetitive or motivational properties of alcohol, as revealed
by a decrease in the probability of the completion of response requirements
for alcohol in operant procedures using unselected rats [8, 10] and by the
suppression of extinction responding for alcohol (i.e., the maximal amount
of “work” which a rat trained to lever-press for alcohol is willing to perform
to obtain alcohol) in sP rats [11].

In agreement with the above results on the effect of the pharmacological
blockade of the cannabinoid CB1 receptor by SR 141716, CB1 receptor knock-
out mice tested under the 2-bottle choice paradigm displayed significantly
lower levels of alcohol preference and consumption in comparison to the wild-
type mice ([12–15]; see however [16]).

Taken together, these results suggest that the cannabinoid CB1 receptor is
one of multiple receptor systems implicated in the mediation of the behavioral
responses to alcohol.

Effect of SR 141716 on relapse-like behavior in alcohol-preferring rats

The possible anti-relapse properties of SR 141716 have been tested by inves-
tigating its effect on ADE in alcohol-preferring sP rats. ADE is defined as the
transient increase in alcohol intake which occurs in several animal species
after a period of abstinence from alcohol, and ADE has been proposed to
model the loss of control over alcohol and the episodes of alcohol relapse of
human alcoholics (see [17, 18]). Notably, ADE is a relevant feature of alcohol
drinking behavior of sP rats. Indeed, after a proper period of exposure to alco-
hol and a subsequent period of alcohol deprivation, sP rats display a pro-
nounced ADE during the first hour of re-access to alcohol [19, 20].
Furthermore, ADE in sP rats is reduced by the anti-relapse agent naltrexone
(this laboratory, unpublished observations). These results make sP rats a suit-
able animal model, with predictive validity for pharmacological investigations
on ADE.

In the experiment with SR 141716 [21], adult male sP rats were individual-
ly housed and continuously (24 h/day) offered alcohol (10%, v/v) and water
under the standard home cage 2-bottle choice paradigm with unlimited access
for 4 consecutive weeks. Subsequently, rats were divided into two groups
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(matched for alcohol intake over the last seven days). One group was deprived
of alcohol for 15 consecutive days, during which water was the sole fluid avail-
able (alcohol-deprived rats). The second group continued to have unlimited
access to alcohol and water (alcohol-nondeprived rats), consuming an average
of approximately 6 g/kg/day alcohol. At the end of the deprivation phase, rats
of both groups (alcohol-deprived and -nondeprived) were further divided into
four subgroups (n = 12–13) and acutely and intraperitoneally injected with 0,
0.3, 1 and 3 mg/kg SR 141716, 30 min before lights off. Alcohol was re-pre-
sented at lights off and its consumption was recorded 1 h later. Alcohol intake
was recorded 60 min later (previous studies have indicated that the time inter-
val of 60 min after alcohol re-presentation is the interval during which ADE is
maximal in sP rats [19, 20]). Standard rat chow was available throughout the
study.

The results of the study showed that alcohol intake was approximately two
times higher in vehicle-treated alcohol-deprived rats than in vehicle-treated
alcohol-nondeprived rats, indicative of the development of a robust ADE
(Fig. 1). This extra intake of alcohol was, however, eliminated by all doses of
SR 141716 (Fig. 1). Indeed, alcohol intake in the alcohol-deprived rat groups
treated with all doses of SR 141716 was a) significantly lower than that record-
ed in alcohol-deprived vehicle-dosed rats, and b) not significantly different
from that recorded in the corresponding alcohol-nondeprived SR 141716-
treated groups.
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Figure 1. Suppressing effect of the cannabinoid CB1 receptor antagonist SR 141716 on the alcohol
deprivation effect (ADE) in sP rats with alcohol given under the 2-bottle choice regimen. Each bar is
the mean ± SEM of n = 12–13. *: P < 0.05 with respect to vehicle-treated alcohol-nondeprived rats;
+: P < 0.05 with respect to vehicle-treated alcohol-deprived rats (Newman-Keuls test). Reprinted from
Eur J Pharmacol 443: 95–97, 2002, with permission from Elsevier.



These results suggest that the cannabinoid CB1 receptor is likely part of a
neural substrate mediating ADE. These results, together with the apparent
safety and potential use in humans of SR 141716 (Rimonabant) [22], also sug-
gest that SR 141716 should be tested for its ability in preventing alcohol
relapse in human alcoholics.

Effect of the combination of SR 141716 plus naloxone on relapse-like
behavior in alcohol-preferring rats

Recent clinical surveys suggest that positive therapeutic outcomes in the treat-
ment of alcohol relapse may be achieved by using a combination of drugs. For
example, a recent, double-blind placebo-controlled study demonstrated that
the combination of naltrexone and acamprosate tended to be more effective
than the single application of either drug in the prevention of alcohol relapse
in alcoholics [23]. Following this line of thought, this laboratory recently test-
ed the hypothesis that a combination of SR 141716 with the opioid receptor
antagonist naloxone would result in a potentiation of the reducing effect of
each single drug on ADE in alcohol-preferring sP rats.

The procedure employed in this experiment was similar to that used in the
study testing SR 141716 alone (see above). Specifically, adult male sP rats were
singly housed and continuously (24 h/day) offered alcohol (10%, v/v) and water
under the home cage 2-bottle regimen for 8 consecutive weeks. After the initial
period of access to alcohol and water, rats were divided into two groups
matched for similar daily alcohol consumption and preference over the last 7
days. One group was deprived of alcohol for 14 consecutive days, during which
water was the sole fluid available (alcohol-deprived rats). The second group
continued to have unlimited access to alcohol and water (alcohol-nondeprived
rats). At the end of the deprivation phase, rats of both groups were divided into
four subgroups (n = 16), matched for body weight, and acutely treated with: a)
SR 141716 vehicle plus naloxone vehicle; b) 0.05 mg/kg SR 141716 plus
naloxone vehicle; c) SR 141716 vehicle plus 0.01 mg/kg naloxone; d)
0.05 mg/kg SR 141716 plus 0.01 mg/kg naloxone. The SR 141716 and nalox-
one doses were chosen so as to be ineffective when given alone. Drugs were
administered intraperitoneally 30 min before alcohol presentation (which coin-
cided with lights off). Alcohol was re-presented at lights off. Alcohol intake was
recorded 60 min later. Standard rat chow was available throughout the study.

As expected, after alcohol re-presentation, alcohol intake was higher by
approximately 50% in control alcohol-deprived rats as compared to control
alcohol-nondeprived rats (Fig. 2), indicating the development of ADE. When
given alone, neither 0.05 mg/kg SR 141716 nor 0.01 mg/kg naloxone affected
the extra amount of alcohol intake, which constitutes ADE. In contrast, their
combination reduced ADE by approximately 30% (Fig. 2).

These results are in close agreement with those of recent studies, demon-
strating that SR 141716 and the opioid receptor antagonist naltrexone syner-
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gistically reduce the break-point for alcohol in unselected rats [24] as well as
acquisition of alcohol drinking behavior in alcohol-preferring sP rats (this lab-
oratory, unpublished observations), providing further support to the hypothe-
sized existence of functional interactions between the cannabinoid and opioid
receptor systems in relation to alcohol drinking behavior [2, 25]. Accordingly,
previous work has demonstrated that the stimulating effects of cannabinoids
and morphine on alcohol intake were blocked by both SR 141716 and nalox-
one [2, 25]. Finally, the extension to food intake of the synergistic reducing
effect of SR 141716 and naloxone in rats [26, 27] suggests that the functional
relationship between cannabinoid and opioid receptor systems pertains not
only to alcohol intake but to different ingestive behaviors as well.

The possible generalization to human alcoholics of the reducing effect of
the combination of SR 141716 and naloxone on alcohol relapse-like drinking
in sP rats would indicate a new therapeutic strategy.
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Introduction

Over the last 15 years, a role has been firmly established for NPY as an
endogenous anti-stress system, potentially also implicating this system in the
pathophysiology of anxiety and depressive disorders (recently reviewed in,
e.g., [1, 2]). More recently, converging evidence from genetically modified
animals, pharmacological studies and human observations has indicated that
endogenous NPY signalling is involved in regulation of voluntary alcohol
intake, in particular in states of abnormally high drinking, and that targeting
this system may offer an attractive mechanism for relapse prevention in alco-
holism. In this chapter, we introduce the brain NPY system and its biology, and
review the findings supporting a role for NPY receptor ligands in future treat-
ment of alcoholism.

Basic biology of the central NPY system

NPY, named so because of its exclusively neuronal expression, and its termi-
nal tyrosine (Y in the 1-letter aa code), is a 36 amino acid (aa) peptide with a
C-terminal amide-group [3, 4]. It belongs to a family of peptides related to
pancreatic polypeptide (PP; [5]). NPY is one of the most highly conserved
neuroendocrine peptides known [6], which implies an important functional
role. NPY-like peptides all consist of an N-terminal polyproline helix (residues
1–8) and an amphiphilic α-helix (residues 15–30), connected with a β-turn,
creating a hairpin-like loop [7]. The preproNPY gene encodes a simple 97 aa
precursor [8], which contains a 28 aa signal peptide and a 69 aa prohormone.
Mature NPY (36 aa) is here flanked at its C-terminus by 33 amino acids, three
of which are a motif necessary for NPY amidation, critical for virtually all
actions of NPY. The peptide formed by the remaining 30 amino acids of the
precursor has been named CPON (C flanking peptide of NPY). Although it
also shows a high degree of sequence conservation, its function remains
unknown [6].
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NPY-positive neurons are abundant in the central nervous system (CNS),
including brain areas involved in emotionality [9–11]. Within the cerebral cor-
tex and forebrain nuclei, NPY is mainly present in inhibitory interneurons.
Coexistence of NPY with somatostatin and nitric oxide synthase is common in
cortex and striatum. In addition, within the cortex and amygdala, NPY is
extensively colocalized with GABA [11]. NPY-positive neurons in the hypo-
thalamus, brainstem and spinal cord are more heterogeneous. An important
NPY-ergic pathway from the arcuate nucleus to the ipsilateral paraventricular
nucleus of the hypothalamus has been described [12] and is involved in feed-
ing effects of NPY. More recently, a co-existence was also reported of NPY
and agouti-gene-related protein (AGRP) in arcuate hypothalamic neurons.
Among these, numerous cells project to telencephalic brain areas involved in
emotionality, such as the amygdala complex [13].

Pharmacological experiments followed by molecular cloning have revealed
a diversity of the NPY receptor family. NPY receptors cloned to date all
belong to the superfamily of G-protein coupled receptors. The NPY-Y1 recep-
tor, one of the subtypes implicated in feeding effects of NPY [14–16], requires
the intact NPY sequence for recognition and activation, and appears to be the
subtype mediating anti-stress actions of NPY [17–21]. The Y2 receptor sub-
type is also activated by C-terminal fragments of NPY such as NPY13–36 [22,
23]. A high number of Y2 sites is found within the hippocampus. Activation of
Y2 receptors within this structure has been shown to suppress hippocampal
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Figure 1. Structure of the NPY molecule. The hairpin loop structure is characteristic of the family of
NPY related peptides. The full 1–36 a.a. sequence is required for activation of Y1 receptors, while
shorter, truncated fragments are capable of activation of other receptor subtypes.



glutamatergic transmission through presynaptic mechanisms [24, 25].
Behavioral consequences of Y2 signalling in this area are unclear. Although the
existence of a Y3 receptor has been postulated on the basis of pharmacological
experiments [26], this has not been confirmed by molecular studies [27].
Furthermore, a receptor termed Y4 has been cloned, but appears to preferen-
tially bind PP, and is therefore more appropriately referred to as a PP receptor
[28, 29]. Finally, a Y5 receptor with restricted hypothalamic expression has
been cloned, and postulated to mediate the profound effects of NPY on feed-
ing [30]. Subsequent work indicates that the Y5 receptor probably shares this
role with the Y1 subtype.

NPY in EtOH-responses and EtOH seeking behavior

Central actions of NPY and alcohol show similarities

Studies carried out shortly following its isolation indicated shared properties
between NPY and several classes of sedative compounds, including alcohol,
benzodiazepines and barbiturates [31]. It was subsequently noted that icv infu-
sion of NPY, as well as a Y1 receptor agonist, produced electrophysiological
and behavioral profiles similar to those induced by anxiolytic drugs such as
EtOH and benzodiazepines [32]. Additionally, icv infusion of NPY and
peripheral administration of EtOH to rats produced identical effects on event-
related potential (ERP) profiles in response to auditory stimuli, both in cortex
and amygdala. The effects of NPY and EtOH were additive [33]. Following
10–15 weeks of withdrawal from chronic exposure to EtOH vapor, icv infu-
sion of NPY significantly decreased the amplitude of the N1 component of
ERP in the amygdala of withdrawn Wistar rats when compared to controls,
indicating that EtOH withdrawal augments brain sensitivity to NPY [34].
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Figure 2. Brain NPY circuitry potentially related to regulation of alcohol intake.



Together, these data suggest that electrophysiological responses to EtOH and
EtOH withdrawal may be mediated, in part, by NPY signalling. A related
study comparing the P and NP rats showed opposite electrophysiological
activity in the amygdala following icv infusion of NPY [35]; this observation,
together with those showing low NPY levels in P rats [36] strongly suggest
that altered NPY signalling in the amygdala of P rats contributes to their high
alcohol drinking.

Additional similarities between NPY and conventional sedatives, including
alcohol are suggested by anti-convulsant actions of NPY [37, 38], mutual sub-
stitution of NPY and EtOH with regard to electrophysiological effects [33] and
potentiation by NPY of barbiturate-induced sleep [39, 40]. The latter study
mapped out NPY effects on sedation to the posterior hypothalamus, an area
involved in the regulation of sleep–wake cycles. Y1 mediation of NPY-induced
sedation was demonstrated using Y1-receptor knockouts. In contrast, anti-con-
vulsant actions of NPY appear to be mediated through Y5-receptors [41].

EtOH administration modulates central NPY signalling

EtOH administration influences NPY signalling. Relative to control animals
that received an isocaloric diet as their sole source of calories, Long-Evans rats
given access to a diet containing 6% EtOH for 12 weeks showed significant
increases of NPY levels in the arcuate and ventromedial nuclei of the hypo-
thalamus, the median eminence, and the suprachiasmatic nucleus [42].
Additionally, peripheral injection of 1.5 and 3.5 g/kg EtOH caused activation
of NPY-containing neurons in the ventrolateral medulla of Long-Evans rats
[43]. Wistar rats exposed to EtOH vapor for 14 h/day showed no differences in
brain NPY expression after 7 weeks of exposure, but showed increased NPY
expression in the hypothalamus 7 weeks after withdrawal from EtOH [44]. On
the other hand, EtOH administration and withdrawal from EtOH have also
been found to reduce NPY signalling. NPY mRNA levels in the arcuate nucle-
us of the hypothalamus were decreased when Sprague-Dawley rats were given
a single peripheral injection of a 1.0 g/kg dose of EtOH [45]. More recently,
Sprague-Dawley rats examined 24 h after withdrawal from a diet containing
9% EtOH (after 15 days of exposure) showed decreased NPY immunoreactiv-
ity in the cingulate gyrus, various regions of the cortex, the central and medi-
al nuclei of the amygdala, and the paraventricular and arcuate nuclei of the
hypothalamus [46]. Thus, withdrawal from EtOH is associated with reduced
central NPY signalling. Consistent with this observation, a recent report found
that icv infusion of NPY significantly attenuated EtOH withdrawal responses
in Wistar rats [47]. The discrepancies between these studies (that is, either
increases or decreases of NPY levels) may be related to rat strain differences,
method of EtOH administration, technique for assessing NPY levels, or an
interaction between these factors. An indication which might be helpful in
relating these findings to the human clinical situation is a recent cDNA
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microarray study which examined the expression of approximately 10,000
genes in the frontal cortex and motor cortex of alcoholics and matched control
samples. One of the most intriguing observations was that brain tissue from
alcoholics had significantly lower NPY expression than brain tissue from con-
trols [48]. Some caution in the interpretation is, however, warranted, since in
this type of study it is unclear if low NPY levels were the result of chronic
alcohol use, or reflect a pre-existing, genetically encoded susceptibility factors
for triggering the disease.

Genetic models suggest involvement of NPY in alcohol drinking

The first genetic evidence linking NPY to alcoholism came from studies
involving rats selectively bred for high alcohol drinking. Quantitative trait
locus (QTL) analysis identified a region of chromosome 4 that significantly
correlated with differences in alcohol drinking between the Indiana alcohol-
preferring (P) and alcohol-nonpreferring (NP) rats. This chromosomal region
includes the NPY precursor gene [49, 50]. Interestingly, another transcript dif-
ferentially expressed between P and NP rats is also encoded by a gene in this
region, suggesting the possibility of a commonly regulated haplotype block
[51]. Subsequent research found that P rats had low levels of NPY in the
amygdala, frontal cortex, and hippocampus relative to NP rats, but higher lev-
els of NPY in the hypothalamus and cingulate cortex [36, 44]. High alcohol-
drinking (HAD) rats, bred by a similar strategy as that used to generate the P
rats, also had low levels of NPY in the amygdala compared with low alcohol-
drinking (LAD) rats, and had lower levels of NPY in hypothalamic nuclei [36].
Hwang et al. concluded that the high alcohol drinking by the P and HAD rats
are best explained by low levels of NPY in the amygdala. It should be noted,
however, that QTL analyses with HAD and LAD rats failed to confirm a role
for the NPY precursor gene [52]. More recently, alcohol-avoiding, ANA (Alko
Non-Alcohol) line of rats was found to have high NPY mRNA in the hippo-
campal Cornu Ammonis (CA) region and the dentate gyrus when compared
with the alcohol-preferring, AA (Alko Alcohol) line and nonselected Wistar
rats. Additionally, NPY Y2 receptor mRNA was reduced in the AA line, sug-
gesting a role for the Y2 receptor in modulating alcohol drinking [53].

The studies reviewed above provide suggestive, but only correlative evi-
dence for a role of NPY transmission in regulation of alcohol drinking. Two
complementary lines of intervention studies provide data supporting the notion
that this relation is in fact causal. The first of these is based on genetic manip-
ulations in rodents, leading to absent or excessive expression of NPY, or selec-
tive inactivation NPY receptor subtypes. Voluntary EtOH consumption and
resistance to the sedative effects of EtOH were inversely related to NPY levels
in knockout and transgenic mice [54]. These initial results were obtained in a
mixed C57BL/6Jx129/SvEv genetic background. These mice also react with
an exaggerated locomotor response to EtOH administration. It has subse-
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quently been found that EtOH-associated phenotypes are partly dependent on
the genetic background. Neither the resistance to sedative effects nor the
potentiation of locomotor stimulation were found in an inbred 129/SvEv back-
ground, where the differences in voluntary EtOH consumption were also less
marked. However, at the highest concentration of EtOH tested, 20%, increased
voluntary consumption was found also in this background [55].

Regionality of central NPY overexpression appears to be crucial for modu-
lation of EtOH drinking. This is highlighted by data from transgenic rats selec-
tively overexpressing NPY in CA1 and CA2 regions of the hippocampus.
Relative to control animals, these subjects were resistant to anxiety provoked by
restraint-stress, and showed impairment of spatial memory acquisition.
However, the NPY transgenic rats showed normal voluntary EtOH drinking
[56].

Data from Y1 receptor knockout mice (Y1
–/–) provide further support for a

role of the NPY system, and point to receptor mediation of NPY effects on
EtOH intake. Except for slightly diminished food intake and the development
of late-onset obesity due to low energy expenditure, these animals show nor-
mal gross phenotypic features [57]. However, Y1

–/– mice showed increased
consumption of solutions containing 3%, 6%, and 10% (v/v) EtOH but dis-
played normal consumption of sucrose and quinine solutions. Furthermore,
Y1

–/– mice were less sensitive to the sedative effects of 3.5 and 4.0 g EtOH/kg
as measured by more rapid recovery from EtOH-induced sleep, even though
plasma EtOH levels did not differ significantly between the genotypes follow-
ing a 3.5 g/kg dose. Finally, male Y1

–/– mice showed normal EtOH-induced
ataxia on a rotarod test following administration of a 2.5 g/kg dose [58].

The Y2 receptor is a presynaptic autoreceptor and inhibits NPY release [59,
60]. Mutant mice lacking the Y2 receptor (Y2

–/–) have been shown to have
increased food intake, body weight, and fat production but have a normal
response to NPY-induced food intake [61]. It was hypothesized that if presy-
naptic Y2 receptors are involved with modulating voluntary EtOH consump-
tion and sensitivity, the Y2

–/– mice should exhibit EtOH-related phenotypes
opposite to those found with the Y1

–/– mice. Thus, an absence of presynaptic
inhibition of NPY release in Y2

–/– mice would augment NPY signalling, ren-
dering mice with a similar phenotype as NPY overexpressing mice. Relative to
wild-type (Y2

+/+) mice, the Y2
–/– mice drank significantly less of solutions con-

taining 3% and 6% EtOH, and had significantly lower EtOH preference at each
concentration tested. On the other hand, Y2

–/– mice showed normal consump-
tion of solutions containing either sucrose or quinine, normal time to recover
from EtOH-induced sedation following 3.0 or 3.5 g/kg doses, and normal
metabolism of EtOH following injection of a 3.0 g/kg dose [62].

Mutant mice lacking the NPY Y5 receptor (Y5
–/–) show late-onset obesity

and increased food intake, have reduced sensitivity to NPY, and are seizure-
prone [41]. When given access to solutions containing EtOH, Y5

–/– mice drank
normal amounts of 3, 6, 10, and 20% (v/v) EtOH, but had increased sleep time
following administration of 2.5 or 3.0 g EtOH/kg. However, the Y5

–/– mice also
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showed high plasma EtOH levels relative to wild-type mice following injec-
tion of a 3.0 g/kg dose [63].

Taken together, evidence from genetic animal models implies that low NPY
signalling can promote high voluntary EtOH drinking while upregulation of
NPY signalling can be protective against excessive consumption. Data from
NPY receptor knockout mice suggest that voluntary consumption of EtOH is
modulated by the Y1 and Y2 receptors, and that EtOH-induced sedation is mod-
ulated by Y1, and perhaps Y5, receptors. These results are consistent with sev-
eral recent findings. First, like Y2

–/– mice which drink low amounts of EtOH,
rats self-administer less EtOH following central infusion of a Y2 receptor
antagonist [64] (see below). Second, Y1

–/– mice are resistant to the sedative
effects of EtOH, and recent studies found that Y1

–/– mice are resistant to sodi-
um pentobarbital-induced sleep [39, 40].

NPY, alcoholism and human genetics

The human preproNPY gene is polymorphic. Most attention this far has been
attracted by a thymidine (T) to cytosine (C) single nucleotide polymorphism
(SNP) that is present at the 1128 position of the human NPY gene, resulting in
a leucine-to-proline substitution (Leu7Pro) in the signal peptide of
preproNPY [65]. Individuals with the Leu7/Pro7 genotype have an average of
42% higher maximal increases of plasma NPY in response to physiological
stress when compared with Leu7/Leu7 individuals [66]. Interestingly, Finnish
men with the Pro7 substitution reported 34% higher average alcohol con-
sumption when compared to men not having this polymorphism [67]. It
should be noted that consumption levels in this study were reported from non-
dependent subjects, and the reported consumption levels were low, averaging
app. 70 g/week. The relevance of these data for alcohol dependence is thus
unclear. A subsequent study carried out in European–American men with
carefully diagnosed alcoholism reported a 5–5.5% Pro7 allele frequency,
while non-alcoholics had a Pro7 allele frequency of only 2.0%, leading to a
statistically significant association between genotype and diagnosis [68].
However, results are mixed. A lower rather than higher frequency of the Pro7
allele has been reported in type 2 alcoholics compared to controls [69], while
a more recent study found no difference of Pro7 allele frequency between
diagnosed Caucasian alcoholics and ethnically matched controls from Finland
and Sweden [70]. Furthermore, a meta-analysis performed in the latter study
found that while the Pro7 allele frequencies in alcoholics were similar in each
report, the allele frequencies in nonalcoholic control groups were very differ-
ent between studies. This issue remains unresolved at present. Despite ambi-
tious attempts to exclude this possibility by Lappalainen and colleagues, the
discrepant results might be related to ethnic stratification. The Pro7 allele dif-
fers in frequency between ethnic groups, and is, e.g., entirely absent in Asians
[71, 72].
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The preproNPY gene is polymorphic also at other positions. Among these,
an SNP within a trk-B consensus sequence in the promoter region (–399C/T)
is clearly functional, as C-containing alleles in this position confer higher tran-
scriptional activity in neuronal cells. Both alleles have high frequencies in pop-
ulations examined, and preliminary associations have been suggested both for
schizophrenia [73] and treatment-refractory depression [94]. It is at present
unknown whether this polymorphism plays a role in alcohol dependence of
subtypes thereof.

Finally, a C to T substitution at position 5671, mapping to exon 3 of the NPY
gene, has been described in a Japanese population. Although there was no
association between genotype and a diagnosis of alcohol dependence, it was
reported that the T-allele was found in a significantly higher frequency in alco-
holic patients experiencing seizures [72]. Since this SNP is synonymous (i.e.,
it does not encode an amino acid substitution), its role is unclear. One possi-
bility is that it is in linkage dysequilibrium with other, functional polymor-
phisms.

NPY and alcoholism: pharmacological mechanisms and strategies

Genetic modifications are powerful and highly selective tools, but have known
limitations, in particular related to issues of genetic background, and compen-
satory mechanisms which can be activated in constitutive overexpressors or
knockouts [74]. In the case of NPY and alcohol, however, genetic and neuro-
chemical evidence is largely supported by emerging pharmacological studies.
These have used icv infusion of NPY and other NPY receptor ligands to deter-
mine if NPY signalling regulates voluntary EtOH consumption, and thus
directly point to possible future applications in the clinic. To correctly interpret
the results of these studies, it is crucial to understand a basic fact of experi-
mental alcohol research: laboratory rodents, and in particular genetically het-
erogeneous rats commonly used in pharmacological experiments, do not vol-
untarily consume sufficient amounts of EtOH to achieve pharmacological
effects. Instead, they are likely to drink for other types of motivation, such as
caloric content. Modifications of this baseline consumption are of little rele-
vance for developing clinical treatments. On the other hand, states of excessive
drinking can be induced either by genetic selection or behavioral manipula-
tions [75]. This induced, excessive drinking component is selectively affected
by clinically effective drugs (see, e.g. [76, 77]), and therefore the appropriate
target for candidate anticraving/relapse-preventive drugs.

The general picture which has emerged against the background of this dis-
tinction is that exogenous NPY does not reliably regulate basal voluntary
EtOH drinking and may even slightly increase it under normal conditions. In
contrast, potentiation of NPY signalling potently suppresses EtOH drinking in
states of excessive intake. Thus, in the first attempt with Golden Hamsters, icv
infusion of NPY did not reliably alter drinking of a 5% EtOH solution [78].
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More recently, Wistar rats were given icv infusion of various doses of NPY
ranging from 2.5 to 15.0 µg in a within-subjects design. While 5.0 µg of NPY
significantly increased consumption of a sucrose solution, none of the doses
tested altered alcohol intake [79]. Similarly, neither third ventricle infusion of
NPY nor direct infusion of NPY into the amygdala altered EtOH drinking in
Wistar rats [80, 81]. In fact, direct infusion of femtomolar doses of NPY into
the paraventricular nucleus of the (PVN) hypothalamus increased consump-
tion of alcohol in Long-Evans rats, an effect which was blocked by pretreat-
ment with the Y1 receptor antagonist BIBP 3226 [82]. The PVN is known to
mediate appetite effects of NPY, and this finding likely indicates that in “nor-
mal” rats, effects of NPY on EtOH consumption primarily reflect appetite
modulation, since EtOH in addition to being an intoxicating agent is also a
caloric nutrient. Recently, a report found that amygdalar infusion of BIBP
3226 decreased ethanol self-administration in Long-Evans rats [83], an effect
that may be unrelated to the pharmacological effects of ethanol by this mod-
erate alcohol-consuming strain.

On the other hand, icv infusion of both 5.0 and 10.0 µg doses of NPY sig-
nificantly reduced voluntary consumption of an 8% EtOH solution in alcohol-
preferring P rats; in these experiments, it again did not alter EtOH drinking of
non-preferring NP or outbred Wistar rats [84]. The suppressing effect of NPY
on EtOH intake in P rats is even more pronounced after a sequence of contin-
uous access followed by a deprivation phase, a procedure known to increase
the motivation to consume EtOH for its reinforcing properties [85]. More
recently, the ability of NPY to selectively suppress excessive EtOH drinking
was confirmed in an interesting manner in another genetically selected high-
preferring line, HAD rats [86]. In this study, icv administration of NPY
increased sucrose self-administration in both HAD and low-preferring LAD
rats, but selectively suppressed EtOH-self-administration in the HAD line
only. Interestingly, this was found despite the observation that the well-known
anti-anxiety actions of NPY (1) were identical in the two lines. This indicates
that, although altered emotionality may contribute to regulation of EtOH
intake by NPY, the latter can also be modulated independently of the former.
Recently, amygdalar infusion of a PKA inhibitor increased anxiety and ethanol
drinking by Sprague Dawley rats, and caused local reductions of NPY levels.
Elevated levels of anxiety and ethanol drinking were rescued by amygdalar co-
administration of NPY. Consistent with the above observations, NPY did not
affect ethanol consumption by rats not treated with the PKA inhibitor and
which had normal (i.e., non-elevated) ethanol consumption [87].

Of particular relevance for development of NPY-based pharmacological
treatments of alcohol dependence, EtOH self-administration has also been
examined following central administration of the selective NPY-Y2 antagonist
BIIE0246. This compound is known to potentiate the release of endogenous
NPY [59], an indirect approach which may circumvent the difficulties inher-
ent in developing an agonist for NPY-Y1 receptors. Initial experiments with
BIIE0246 were carried out using regular rats, but under conditions of limited
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access operant self-administration which do produce significant blood alcohol
concentrations. Icv administration of BIIE0246 dose-dependently suppressed
self-administration. Interestingly, in follow-up experiments using rats with a
history of dependence induced according to a recently published model [76],
doses of BIIE0246 which were subthreshold in non-dependent animals were
effective in suppressing self-administration in subjects with a history of
dependence (Thorsell et al., in preparation). The same dissociation was
observed using antisense mediated inhibition (“knockdown”) of Y2 receptor
expression. Thus, Y2 antagonism appears to offer an attractive strategy, which
might selectively target states of excessive EtOH consumption.

Finally, it should be noted that peripheral administration of a Y5 receptor
antagonist delayed the onset of ethanol-reinforced responding but did not alter
the amount of ethanol consumed by C57BL/6 mice in a 16-h session [88].
These findings, and the observation that Y5 receptor knockout mice show nor-
mal ethanol consumption [63], do not provide a strong case for the Y5 recep-
tor in the modulation of ethanol consumption.

NPY and alcohol: conclusions and future directions

Research over more than 15 years has implicated NPY in mechanisms of emo-
tionality and stress, identifying it as a potential therapeutic target for novel
treatments in anxiety disorders and depression [1, 89–91]. More recent evi-
dence identifies the NPY system as a highly interesting treatment target in
alcoholism. In summary, EtOH and NPY have similar effects on brain electro-
physiological activity, while CNS responses to EtOH involve central NPY sig-
nalling, as evidenced by altered central NPY levels and expression following
administration of EtOH and EtOH withdrawal. Low NPY signalling in animal
models predisposes to high EtOH drinking, while central administration of
NPY selectively reduces excessive EtOH drinking but not drinking in ‘normal’
unselected animals. Activation of NPY Y1 receptors appears to mediate NPY’s
suppression of excessive drinking; blockade or inactivation of Y2 receptors
leads to the same functional outcome, presumably through removal of
Y2-mediated presynapic inhibition of endogenous NPY release.

It can be hypothesized that central NPY activity is recruited in response to
EtOH consumption, and that this NPY activation serves as a protective feed-
back mechanism to prevent high EtOH drinking. Animals with abnormally low
NPY levels would not benefit from this feedback protection and drink exces-
sive quantities of EtOH. Such a mechanism could also explain excessive drink-
ing in alcoholics with low brain NPY expression. The regulatory role of NPY
for regulation of excessive EtOH might in part also be related to effects of
NPY on emotionality and stress responses. While adaptive in the short term,
activation of these systems imposes an allostatic load on the organism if pres-
ent over prolonged periods [92]. Negative emotionality and dysregulated stress
responses are important factors in the development of dependence, and in one
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of its hallmarks, relapse [93]. NPY counteracts and buffers negative emotion-
ality and stress responses [1, 89], and these effects of potentiating NPY trans-
mission may be beneficial in the treatment of alcoholism.

Thus available data suggest that drugs targeting central NPY systems may
become useful therapeutic agents in alcoholism. Agonists aimed at the Y1 or,
perhaps more realistically, antagonists of Y2 receptors are particularly promis-
ing candidates. NPY-targeting drugs might turn out to be most useful in alco-
holism with co-morbid anxiety and/or depression.
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Introduction

It is well known that ethanol alters the synaptic action of glutamate – the major
excitatory neurotransmitter in our brain. Thus, high intoxicating doses of
ethanol decrease glutamate levels and reduce the activity of glutamate recep-
tors, especially the NMDA receptors. As a consequence of chronic alcohol
intake, adaptive changes in the glutamate system are observed, which result in
a hyper-glutamatergic state. It is suggested that a hyper-glutamatergic state is
a trigger for alcoholic patients to further drink alcohol during withdrawal or to
relapse after a period of abstinence. This causal relationship of chronic alco-
hol intake and long-lasting adaptive changes within the glutamatergic system
and its involvement in relapse mechanisms provides the basis for the gluta-
matergic theory of alcoholism [1, 2].

Glutamate´s postsynaptic actions are mediated either through the interac-
tion with ionotropic glutamate receptor channels (iGluR), including NMDA,
AMPA and Kainate receptors, or by G protein coupled metabotropic glutamate
receptors (mGluR). Among these, the NMDAR complex represents one of the
highest affinity targets for ethanol in the brain [3]. Its composition offers sev-
eral potential sites to interfere with alcohol-related actions. These include, for
example, blockade of the receptor channel, selective antagonism of subunits or
special binding sites, or functional antagonism. Selective pharmacological
manipulation of glutamate receptors has been shown to decrease alcohol intake
and preference as well as relapse behavior, including the severity of with-
drawal symptoms in various animal models. Moreover, current research
demonstrates a functional interplay not only within, but also among receptor
types, as for example NMDA and mGluR5. In addition to pharmacological tar-
geting of glutamate receptors, interventions in glutamate release mechanisms
as well as re-uptake processes could also represent a promising approach in
interfering with relapse mechanisms.

In the following sections, we will review different glutamatergic com-
pounds that have been tested preclinically in different animal models of alco-
holism, including basic home cage drinking models such as the alcohol depri-
vation effect model and more sophisticated operant conditioning paradigms
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such as cue-induced reinstatement of ethanol-seeking behavior (for detailed
description of these paradigms see Chapter by Spanagel).

Substances acting at ionotropic glutamate receptors (iGluR)

NMDA receptors

NMDAR is a heteromeric subunit complex, composed of NR1 and NR2 sub-
units (NR2A-D), each of which exists in several splice variants. At least six
pharmacologically distinct binding sites have been recognized until the pres-
ent, through which compounds may alter the receptor’s activity. Functional
receptors in the adult mammalian central nervous system (CNS) are formed by
combinations of NR1 and NR2 subunits, which express the glycine and gluta-
mate binding sites, respectively. Glutamate acts as an agonist and glycine as a
co-agonist at the NMDAR. The endogenous polyamines spermine and sper-
midine also influence the activity of the NMDAR, in particular at the NR2B
subunit-containing receptors [4]. Yet another important binding site lies with-
in the NMDAR complex channel, where un-/non-competitive antagonists
block the receptor in a use-dependent manner, i.e., the channel must first be
opened by an agonist for the antagonist to bind [5].

Depending on the NMDA receptor subunit composition, acute alcohol
inhibits NMDA receptor activation at behaviorally relevant concentrations [6].
For example, Lovinger and colleagues [7] showed in voltage-clamped hip-
pocampal neurons that the ion current induced by the glutamate receptor ago-
nist NMDA was concentration-dependent inhibited by ethanol. At an intoxi-
cating concentration of 50 mM ethanol, the NMDA-activated current was
inhibited by more than 60%. Despite intensive research, the site of action of
ethanol on the NMDA receptor still remains unknown. However, recently Ren
et al. [8] identified a residue in the fourth membrane-associated domain in the
NR2A subunit that is suggested to interact with or forms part of a site of
ethanol action.

Numerous glutamatergic compounds interfering with the different binding
and modulatory sites of the NMDAR complex have been tested in animal
models of alcoholism. Initially, some studies produced conflicting results:
Rassnick et al. [9] described the attenuation of ethanol self-administration in a
free-choice operant task by intra-nucleus accumbens microinjection of the
competitive NMDAR antagonist AP-5 (2-amino-5-phosphopentanoic acid)
without affecting water consumption. This selectivity was questioned by
Shelton and Balster [10], who demonstrated that the competitive NMDA
antagonist CPPene, as well as the non-competitive antagonist phencyclidine
(PCP) decreased both ethanol and saccharin self-administration. No effects
were reported by Danysz et al. [11] using a two-bottle free-choice ethanol-
drinking paradigm with the non-competitive NMDAR antagonist MK-801
(dizocilpine). Only recently have competitive and uncompetitive antagonists
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been studied in either the alcohol deprivation effect model or the cue-induced
reinstatement paradigm of ethanol-seeking behavior. In the following sections,
two promising compounds, memantine and neramexane – both uncompetitive
NMDAR antagonists – will be described in more detail.

Firstly, evidence of the alcohol anti-relapse properties of the low affinity,
uncompetitive NMDAR antagonist memantine, originally developed for the
treatment of moderate to severe Alzheimer´s dementia [12], was published by
Hölter et al. [13]. In a long-term drinking paradigm, rats had voluntary access
to different ethanol solutions and water in their home cages. After months of
continuous access to ethanol, a deprivation phase was introduced with water as
the only available liquid. Re-presentation of alcohol after 3 to 14 days led to a
temporary increase in ethanol consumption and preference, known as the alco-
hol deprivation effect. Implanted with osmotic mini-pumps delivering 5.0 µl/h
of memantine, rats no longer showed an alcohol deprivation effect after hav-
ing regained access to alcohol, whereas saline control animals showed the
characteristic increase in consumption (Fig. 1). A lack of sedation or behav-
ioral impairment further demonstrated the potential usefulness of this com-
pound. A similar effect of memantine on alcohol intake was described by
Piasecki et al. [14] in a free-choice, limited access procedure. Administration
of 4.5–24 mg/kg significantly, but not dose-dependently, affected alcohol
intake in rats; however, only at 6 mg/kg did it selectively decrease consump-
tion. Rats, operantly trained to lever press for ethanol, showed reduced
responding at the 9 mg/kg dose in an extinction procedure. This effect, how-
ever, was not selective for ethanol, since water-reinforced responses dimin-
ished as well [14].

Initial characterization of the Alzheimer drug and amino-alkyl-cyclohexane
neramexane (MRZ 2/579), which displays a pharmacokinetic and pharmaco-
dynamic profile very similar to memantine, provided support for the assump-
tion that neramexane could be useful in the treatment of alcohol abuse [15].
Thus, this compound produced selective effects on ethanol-seeking behavior
[14], suppressed ethanol withdrawal seizures in a dose-dependent manner [16],
and prevented the acquisition of ethanol-induced conditioned place preference
(Kotlinska, pers. comm.). Further, neramexane´s effects on ethanol intake have
been employed in operant and non-operant animal models. Using an extinction
procedure, Bienkowski et al. [17] reported a selective and dose-dependent sup-
pression of operant ethanol self-administration at 2.5–7.5 mg/kg without alter-
ations in locomotor activity, given alone or in combination with ethanol.
Voluntarily consuming ethanol experienced rats no longer showed an alcohol
deprivation effect, when chronically administered with neramexane
(9.6 mg/day) via osmotic minipumps [18]. The same rats were tested for a sec-
ond alcohol deprivation effect three weeks later in the absence of the drug. The
animals exhibited an alcohol deprivation effect to the same extent as control
rats, showing that the effect of neramexane on relapse drinking behavior
requires the presence of the drug and that a short-term treatment might only be
of limited benefit. Long-term alcohol-experienced rats also underwent an oper-
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ant free-choice ethanol self-administration paradigm, in which they received
acute treatment of neramexane (2 and 4 mg/kg). Herein, neramexane had a
short-lasting reductive, selective effect on lever pressing for ethanol during the
alcohol-deprivation effect, but not for water. More recently, Bienkowski et al.
[16] tested the same compound in both an operant and non-operant two-bottle
choice setup. Non-operant ethanol intake was not affected by a chronic 6-day
infusion of neramexane via osmotic minipumps (9.6 mg/day). Only intermit-
tent injections (5 mg/kg) resulted in a significant, progressive decrease in oper-
ant responding. This finding is in line with a recent study that showed a dose-
dependent reduction of the alcohol deprivation effect following intermittent
injections of neramexane (4 and 6 mg/kg; Fig. 1) [19]. Bachteler et al. [20]
evaluated whether neramexane would also reduce craving for alcohol in the
reinstatement paradigm, applying different doses (1, 2, 4 mg/kg) to rats.
Animals were trained to lever press for ethanol in the presence of a distinct set
of cues. After extinction, the animals were exposed to the respective cues that
initiated reinstatement of responding. However, intraperitoneal administration
of neramexane did not result in a significant reduction of lever presses on the
ethanol lever at the used doses, but led to a suppression of lever presses on both
levers at the highest dose, thereby displaying unspecific response behavior
(Fig. 2). This finding is in line with a recent study using the high affinity non-
competitive NMDA receptor antagonist MK-801 in the reinstatement para-
digm. Thus doses up to 0.15 mg/kg of MK-801 did not reduce the number of
lever presses on the ethanol lever following cue presentation. MK-801 rather
had a tendency to increase responding, but this effect did not produce signifi-
cance [21]. The latter results may suggest that neramexane and other un- or
non-competitive NMDA receptor antagonists might be more useful in the treat-
ment of relapse behavior than in craving (however, it is important to note that
relapse often occurs in the context of craving) and further shows that the neu-
rochemical substrates underlying the expression of an alcohol deprivation
effect and reinstatement behavior are different.

In line with several drug discrimination experiments that show a substitu-
tion to the ethanol cue following the application of different uncompetitive
NMDA receptor antagonists [22, 23], memantine and neramexane also exhib-
ited a dose-dependent substitution to the ethanol cue [18, 22], suggesting that
these compounds exert their effects on ethanol consumption, at least in part, by
generalizing for some of the stimulus properties of ethanol. In other words
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Figure 1. Alcohol deprivation effect. Total ethanol intake (g/kg/day) in rats before and after an alco-
hol deprivation period (AD) of two weeks. The average of three days measurements as a baseline
drinking (–1) is shown. To test for an effect on the ADE, different compounds acting at the gluta-
matergic system were i.p.-administered. Animals were treated with A the uncompetitive NMDAR
antagonist memantine (4.8 mg/day); B the competitive NMDAR antagonist CGP 37849 (2, 8 mg/kg);
C the NMDA/glycine binding site antagonist L-701,324 (2, 5 mg/kg); D the NMDAR 2B subunit
selective antagonists ifenprodil (5, 10 mg/kg); E the NMDA channel blocker neramexane (4,
6 mg/kg); F ethanol (0.8, 1.6 g/kg) as a functional NMDAR antagonist; G the AMPA receptor antag-
onist GYKI 52466 (4, 10 mg/kg); F the mGlu5 receptor antagonist MPEP (3, 10 mg/kg). Controls
received saline. Data was adapted after [13; A], [19; B–F], [31, G], [42; H].
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uncompetitive NMDAR antagonists can be viewed as substitution drugs for
the treatment of alcoholism. Based on this new concept, a multicenter, ran-
domized, double-blind, placebo-controlled study with neramexane was
launched in 2002. Surprisingly, neramexane treatment had no significant effect
on either relapse rates or total number of abstinence days. However, compli-
ance problems and the use of a very low dose of neramexane might have con-
founded the outcome of this study.

Very recently, several compounds acting at different sites of the NMDA
receptor were comparatively tested in the alcohol deprivation effect model by
Vengeliene et al. [19], including the competitive antagonist CGP 37849, the
glycine binding site antagonist L-701.324, and ifenprodil. Repeated adminis-
tration of these agents produced a significant dose-dependent reduction of
alcohol intake in long-term drinking rats during the alcohol deprivation effect
to a similar extent (Fig. 1). However, the effect of administration of ifenprodil
on the alcohol deprivation effect was weaker but still significant. In all exper-
iments, water intake was not affected.

Besides selective channel blockade of the NMDAR, the competitive and
glycine binding sites are therefore interesting for drug development in alcohol
dependence. However, it should be emphasized that in recent studies on cue-
induced reinstatement of ethanol-seeking behavior, competitive and the
already aforementioned uncompetitive NMDAR antagonists were not effective
(Fig. 2) [20, 21], whereas L-701,324 dose-dependently reduced ethanol-seek-
ing behavior (Fig. 2) [21]. Furthermore, since NMDARs are involved in almost
all of the functions of the CNS, therapeutic intervention may potentially be
associated with side-effects (e.g., sedation and cognitive disturbances).

AMPA/kaniate receptors

Synaptic plasticity, underlying associative (i.e., Pavlovian conditioning) and
non-associative learning, depends on changes in the glutamatergic system, and
more specifically to the AMPA glutamate receptor subtype [24, 25]. The
ionotropic AMPA receptor is a heterodimer which may be formed by four dif-
ferent protein subunits, named A, B, C and D, and synaptic plasticity associat-
ed to this receptor is clearly dependent on its subunit composition [26].
Interestingly, neuroplastic changes associated to AMPA subunit composition
have been proposed to underlie main features of addictive behavior, including
drug seeking and relapse behavior. Thus, it has been shown that abstinence or
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Figure 2. Cue-induced reinstatement in rats. Modulation of ethanol-responding under stimulus condi-
tions associated with ethanol (active lever) and water (inactive lever) during a 30-min reinstatement
session. Animals were pretreated with A the uncompetitive NMDAR antagonist MK-801 (0, 0.05,
0.15 mg/kg); B the competitive NMDAR antagonist CGP 37849 (0, 5, 10 mg/kg); C the NMDA chan-
nel blocker neramexane (0, 1, 2, 4 mg/kg); D the NMDA/glycine binding site antagonist L-701,324
(0, 2, 4 mg/kg); E the AMPA/Kainate receptor antagonist CQNX (0, 0.5, 1.5 mg/kg); F the AMPA
receptor antagonist GYKI 52466 (0, 4, 10 mg/kg); G the mGlu5 receptor antagonist MPEP (0, 1, 3,
10 mg/kg). Data was adapted after [20; C], [21; A, B, D, E], [31; F], [42; G].



extinction after cocaine self-administration is accompanied with an up-regula-
tion of the GluR-A and B/C sub-units within the nucleus accumbens [27, 28].

Interestingly, following chronic alcohol treatment, GluR-C, but not GluR-A
or GluR-B, seems to be upregulated in several brain regions [29]. This obser-
vation is in accordance with studies in GluR-A and GluR-C knockout mice.
GluR-A knockout mice did not differ from wild-type animals in ethanol intake
and preference, nor in the alcohol deprivation effect [30]. However, in GluR-C
knockout mice a blunted cue-induced reinstatement response and a lack of the
alcohol deprivation effect were observed, when compared to wild-type con-
trols [31]. In contrast, under operant and home cage drinking conditions, no
difference in genotype could be observed, showing that the GluR-C subunit is
not involved in acquisition and maintenance of alcohol reinforcement. For fur-
ther pharmacological validation of this genetic model, the AMPA antagonist
GYKI 52466 was tested on alcohol relapse behavior by Sanchis-Segura et al.
[31]. This compound dose-dependently reduced cue-induced reinstatement
and the alcohol deprivation effect (Figs 1, 2). Similar to the observations in
GluR-A and GluR-C knockouts, GYKI 52466 did almost not affect baseline
alcohol consumption in the home cage nor did it disrupt operant self-adminis-
tration of ethanol in rats [32]. In conclusion, the GluR-C subunit seems to be
involved in the neuroplastic changes underlying the ability of cues to promote
alcohol-seeking behavior and therefore GluR-C containing AMPA receptors
could be a suitable therapeutic target to prevent relapse.

Another antagonist of the AMPA/Kainate receptor, NBQX (2,3-dihy-
droxy-6-nitro-7-sulfamoylbenzo(f)quinoxaline), was only effective in reduc-
ing operant responding for ethanol or sucrose at doses (3 and 6 mg/kg) which
also led to a significant disruption of the animals´ locomotor activity [32].
However, the AMPA/kainite antagonist CNQX (6-cyano-7-nitroquinoxa-
line-2,3-dione disodium) attenuated reinstatement of cue-induced ethanol-
seeking behavior significantly ([21]; Fig. 2) supporting the role of AMPA/kai-
nite receptor in alcohol craving and relapse.

Substances acting at metabotropic glutamate receptors (mGluR)

mGluRs comprise several subtypes (mGluR1-8), divided into three subgroups
(I-III), that are based on sequence similarities, intracellular second messen-
gers, and agonist activities [33]. Subgroup I (mGluR1,5) stimulates phos-
phatidyl inositol (PI) hydrolysis/Ca2+ signal transduction, whereas subgroups
II (mGluR2,3) and III (mGluR4,6,7,8) are negatively coupled to cyclic adeno-
sine monophosphate formation through adenylyl cyclase.

mGluRs are known to be involved in different CNS disorders [34]. In par-
ticular, using the mGluR5 antagonist 2-methyl-6-(phenylethynyl)-pyridine
(MPEP) in various studies on anxiety and depression [35, 36], fear condition-
ing [37], or drug self-administration and conditioned place preference
[38–40], the importance of mGluR5 in different CNS disorders including
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addiction has been demonstrated. MPEP is a highly potent, selective, non-
competitive mGluR5 antagonist with minimal activity at other mGluRs or
ionotropic glutamate receptors.

Sharko et al. [41] were the first to describe that MPEP interferes with alco-
hol self-administration during periods of peak consumption in C57BL/6J
mice. MPEP dose-dependently and selectively decreased operant lever press-
ing for 10% ethanol, but not for water. When administered alone, the com-
pound did not produce conditioned place preference, indicating that it does not
have rewarding effects itself. In the same study administration of mGluR1 and
mGluR2/3 antagonists had no effects on ethanol or water intake in these ani-
mals. As a potentially promising agent in the treatment of relapse, MPEP was
further investigated by Bäckström et al. [42] for assessing its anti-relapse/anti-
craving potential. In a combination of the alcohol deprivation effect model and
the reinstatement model of ethanol-seeking behavior by drug-associated cues,
valuable results were obtained. Subchronic treatment of Wistar rats with
MPEP (1, 3, and 10 mg/kg) attenuated both relapse to ethanol consumption
and stimulus-induced ethanol-seeking significantly and in a dose-related man-
ner (Fig. 1, 2). Administration of the same doses of MPEP also influenced
baseline drinking of ethanol, even though this was not as pronounced as on the
ADE. This study confirmed that pharmacological targeting of mGlu5 receptors
may be a promising approach for the treatment of alcoholism.

The mechanism by which mGluR5 is involved in ethanol craving and
relapse behavior remains unclear. There seems to be functional coupling
between the NMDA receptor complex and the mGlu5 receptors so that simul-
taneous activation of mGluR5 could enhance and modulate synaptic transmis-
sion at NMDA receptors [43–46]. In summary, the functional coupling of the
mGluR5 and NMDA receptor suggests that the blockade of mGluR5 by MPEP
reduces glutamatergic signalling through NMDA receptors and thereby inter-
acts with ethanol-seeking and relapse behavior.

Conclusions

In summary, the glutamate synapse, including signal transduction pathways,
offers a variety of targets for pharmacological intervention in influencing alco-
hol craving and relapse behavior. Competitive and uncompetitive NMDA
receptor antagonists should be further tested in clinical trials, as they may act
as substitution drugs for ethanol. However, in order to achieve substitution for
some of the subjective effects of ethanol, high doses should be used which
might also produce some side-effects. Convincing preclinical evidence comes
from studies on mGlu5 receptors showing that mGluR5 antagonists could be
promising compounds for the treatment of alcoholism. Thus, MPEP – a selec-
tive mGluR5 antagonist – proved to be effective in all standard models of pre-
clinical alcohol research and should therefore be tested in a clinical phase I/II
study.
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Preclinical studies, however, should not only focus on glutamate receptors
as potential targets for pharmacological intervention. Thus, it has been shown
that glutamate release mechanisms mediate several neurobehavioral effects of
alcohol [22] and in a preliminary study, the glutamate release inhibitor lamot-
rigine was able to reduce relapse drinking behavior. Furthermore, in geneti-
cally modified mice that exhibit a down-regulation of the glutamate transporter
EAAT-1, which leads to augmented glutamate levels in the brain, enhanced
alcohol consumption is observed, indicating that glutamate uptake mecha-
nisms could also present an important site of action in modulating alcohol con-
sumption and subsequently addictive behavior [47]. Furthermore, the
NO/cGMP signalling pathway that is coupled to NMDA receptors is also crit-
ically involved in alcohol drinking behavior [48, 49]. Thus a variety of genes
and their protein products of the glutamatergic system are involved in the
action of alcohol in the CNS and promising compounds are in the pipeline of
several pharmaceutical companies, waiting to be tested on alcoholic subjects.
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In 1751, William Hogarth successfully launched what in present times would
be known as a public awareness campaign: in his famous work, he contrasted
the chaotic “gin lane” with a neat and well-organized “beer street” (Figs 1 and
2). His “intervention” was most influential in a debate which in its conclusion
was to witness a sharp rise in community tax on gin, with the consequence of
having a dramatic drop in gin consumption in Old England. While these cir-
cumstances are well known, they are providing some of the first evidence that
taxes are a main regulator of alcohol intake rate per inhabitant. Another aspect
of his campaign merits equal attention, namely, the fact that he suggested
something like a substitution therapy. Thus, in his view, gin drinking ought to
be substituted and replaced by the less harmless consumption of beer. From
today’s perspective, Hogarth’s provocative idea recently became reality, with
the novel concept of harm reduction in conjunction with substitution therapy.
Thus, a new generation of compounds that substitute for the discriminative
stimulus properties of alcohol – namely, uncompetitive NMDA receptor antag-
onists – might have the ability of altering current day-to-day treatment pro-
grams for alcoholic patients.

Harm reduction in combination with substitution therapy

In line with the results from drug discrimination studies in animals, clinical
experiments have indicated that NMDA receptors mediate, at least in part, the
subjective effects of ethanol. Krystal et al. [1] have shown that ketamine – an
uncompetitive NMDA receptor antagonist – produced dose-related ethanol-
like effects in detoxified alcoholics. The effects of ketamine were more simi-
lar to the sedative than to the stimulant effects of ethanol and the subjects rated
ketamine as more similar to ethanol than to marijuana or cocaine. Importantly,
ketamine did not increase craving for ethanol. In a more recent study, Soyka
and co-workers [2] have also found that the low-affinity uncompetitive NMDA
receptor antagonist dextromethorphan can produce some ethanol-like subjec-
tive effects in both alcoholics and controls. These findings prompted the idea
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that these compounds have the ability to substitute for acute alcohol intake.
Due to the lack of producing craving by themselves, they could be used in
relapse prevention. This idea is outlined in several chapters of the present book
and constitutes one important pillar of a major theory in the alcohol field – the
glutamatergic theory of alcoholism. It derives from the findings that high
intoxicating doses of ethanol decrease the activity of glutamate signaling in the
brain. As a consequence of chronic alcohol intake, adaptive changes in the glu-
tamate system are observed, which result in a hyper-glutamatergic state [3, 4].
Considering the fact that at least 70–80% of excitatory neurons work via glu-
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Fig. 1. Gin Lane, engraving by William Hogarth, 1751. (The British Museum, London, UK.)



tamatergic neurotransmission, augmented activity of the glutamate system due
to chronic alcohol intake puts our brain into a hyper-excitatory state. In such a
situation alcohol can be regarded as a cure, which has the ability to normalize
general brain activity. Thus, it is suggested that a hyper-glutamatergic state is
a trigger for alcoholic patients to further drink alcohol in a withdrawal state or
to relapse after a period of abstinence. That this most likely represents a phar-
macologically driven behavior has recently been demonstrated in the alcohol-
deprivation-effect model of relapse drinking behavior [5]. Thus, following
alcohol deprivation, an increase in alcohol consumption is observed after hav-
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ing regained access to alcohol. This behavior, however, is completely abol-
ished by experimentally administered ethanol using the intraperitoneal route.
In conclusion, the acute pharmacological effect of ethanol may fully substitute
for such a complex behavior as relapse. It is therefore only a logical step fur-
ther that “substitution drugs” such as uncompetitive NMDA receptor antago-
nists should dampen hyper-glutamatergic activity and also abolish or reduce
relapse drinking behavior, a hypothesis which has been successfully and
repeatedly demonstrated in laboratory animals [5–7].

Recent clinical findings, however, have not been in line with this hypothesis.
In a currently still unpublished study, the efficacy of neramexane, a low-affini-
ty NMDA receptor antagonist, was tested in a multi-center randomized, double-
blind, placebo-controlled study. 249 alcoholic patients and the same number of
control subjects were included in this study. One dose of neramexane versus
placebo was tested. The outcome was negative: the verum group did not differ
from the placebo group in terms of number of relapses and total abstinence days
during the 6-month treatment period. It is important to note, however, that a low
dose of neramexane was used, which is unfavorable in a substitution study, as
preclinical studies indicate that only high doses would be helpful in preventing
relapse behavior [5–7]. Furthermore, compliance was a problem in this study.
Although the use of a low dose of neramexane, in addition to the compliance
problem, might have influenced the outcome of this study, the negative results
obtained are a threat to the glutamatergic theory of alcoholism and forces
researchers to reassess their interpretations and conclusions in this regard. Thus,
in a more critical perspective, one has to state that ethanol’s interactions with
the glutamatergic system are still far from clear. In fact, many important ques-
tions remain unanswered. For example, it is of crucial importance to examine
whether long-lasting changes in the glutamatergic system occur in alcohol-
dependent animals as well as in alcoholic patients. Thus, further preclinical and
clinical studies including molecular, genetic, neuroimaging and behavioral
techniques should address the following points: (I) Identification of adaptations
within the glutamatergic system and its signalling pathways associated with
chronic alcohol use as well as the time course of these adaptive processes. In
particular, it should be examined whether long-term or even persistent changes
within the glutamatergic system can account for craving and relapse in labora-
tory animals. With the aid of recently improved in vivo spectroscopic measure-
ments of glutamate [8], those examinations may now also be conducted in
abstinent alcoholic patients. (II) Further assessment of interactions of various
NMDA receptor antagonists with specific alcohol-induced behavioral effects
including aversive, reinforcing and subjective actions. (III) Evaluation of dif-
ferent classes of NMDA receptor antagonists as potential anti-craving/anti-
relapse drugs in clinical studies. (IV) Systematic studies on the genetic basis for
the susceptibility of alcohol dependence and relapse behavior within the gluta-
matergic system.

All these studies are necessary to ultimately provide substantial support for
the concept of substitution therapy. However, even if the scientific basis of a
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substitution therapy would be of substantial and sound nature, it cannot be fore-
seen whether the majority of professionals in the addiction field would accept
such a treatment concept. In particular, psychologists, social workers, members
of self-help groups and counselors are quite hesitant in promoting the use of any
kind of medication. Thus, it will be an issue of enhancing educational activities
so as to increase the acceptance of these medications for the benefit of our
patients. Another way to encourage professionals who are still reluctant in pre-
scribing anti-relapse drugs, is to combine pharmacotherapy with behavioral
and/or psychosocial therapy.

Pharmacotherapy in combination with behavioral and psychosocial
therapy (COMBINE)

This book concentrates on pharmacological relapse prevention only. The
whole field of behavioral and psychosocial interventions for relapse preven-
tion was deliberately excluded. The authors agree with the vast majority of col-
leagues who, on the basis of empirical evidence, acknowledge the need for
combining both treatment strategies [9]. However, this would certainly merit a
book in its own right, especially since the individual “cocktail” for a given
patient, in other words a targeted approach, is far from being clear at this point.
However, some progress can be expected from project COMBINE. In this
large-scale study, more than 1300 patients are treated with either acamprosate,
naltrexone, placebo or with a combination of acamprosate and naltrexone.
Whilst half the patients receive a low dose standard supportive therapy
(Medical Management), the other half receives more intense psychotherapy,
cognitive behavioral intervention [10]. Additionally, one group is treated by
cognitive behavioral intervention without medication. The results of the study
will be available in 2005/2006 and should help us better understand the con-
tribution of each drug alone, their interaction and especially the interaction
with two forms of psychotherapy. One single-center study by Kiefer et al. [11]
already suggests that a combination of naltrexone and acamprosate may be
more effective than either drug alone. It is hoped that the results of the COM-
BINE study will further support this finding and may finally end in an algo-
rithm which may tell us more about an evidence-based stepped care approach
for the individual patient.

Individual adapted pharmacotherapy (PREDICT): improving clinical
efficacy

A German study that has been closely planned with the Steering Committee of
project COMBINE aims to identify responders to either acamprosate or to nal-
trexone treatment a priori. In order to predict treatment response, different
craving types are assessed in this study. There are at least two different path-
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ways which can induce alcohol craving and relapse [12] – in other words, it is
suggested that there are at least two different craving types. In the project
PREDICT, the goal is to see whether naltrexone is specifically effective among
individuals who experience positive motivational effects upon alcohol con-
sumption and whether acamprosate is most effective among patients who con-
sume alcohol to counteract conditioned withdrawal and negative mood states
[13]. Animal studies are performed in close parallel to the clinical project
PREDICT. Thus, changes in reinstatement of alcohol-seeking behavior in rats
are analyzed in response to the same craving-inducing situations and the same
pharmacological treatments that are used in humans. It has already been
observed that reinstatement of alcohol-seeking behavior induced by alcohol-
associated cues can be blocked by naltrexone and acamprosate [14]; however,
it still remains an open question whether one of these drugs also interferes with
withdrawal-induced reinstatement of alcohol-seeking behavior.

Another issue that is considered in project PREDICT is the genetic make-
up of an individual. Thus, response to pharmacological treatment may be influ-
enced by genetic polymorphisms of drug target genes. Developing a new
approach which takes into account craving/relapse-specific stimuli and situa-
tions as well as genetic make-up may hold the potential for a break-through in
the management and prevention of relapse. In fact, only recently, it was shown
that genetic differences in the mu opioid receptor might predict naltrexone effi-
cacy [15]. In summary, the effectiveness of acamprosate and naltrexone seems
to be valid beyond doubt [16], although more research needs to be done in
identifying potential responders. One major question remains, however, name-
ly, why are these medications so rarely prescribed?

Involvement of the pharmaceutical industry in bridging the gap between
the academic world and alcoholic patients

The chapters of this book have outlined the evidence for the pharmacological
treatment of alcoholism. While the prevalence rates for alcohol dependence
and harmful use (abuse) are on the order of more than 5% of the population in
developed countries, the pharmaceutical industry is still hesitant in promoting
their products. A recent survey in the US of 1,388 physicians specialized in
substance abuse has revealed that only 13% prescribed naltrexone and a mere
9% prescribed disulfram (acamprosate was registered in the US in April 2004
and is, therefore, not included in this survey). In contrast, these addiction spe-
cialists prescribed anti-depressants for their primary alcohol-dependent
patients in 46% of the cases and benzodiazepines in 11%, both being medica-
tions known for no detectable effectiveness in prevention of relapse to alco-
holism. Interestingly, these physicians felt much more educated about anti-
depressants or neuroleptics than about anti-craving substances [17]. The same
article refers to 171,000 prescriptions for naltrexone and 246,000 prescriptions
for disulfram in 1999. In the same year, 6,662,000 prescriptions were given for
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anti-psychotic and 23,138,000 for the leading anti-depressant drugs. To a cer-
tain extent, these numbers reflect the money being spent for marketing. For
example, 7.8 million free samples of sertraline and 1.4 million samples of
risperidone were distributed in 1999. In contrast, DuPont Pharma, the produc-
er of naltrexone, never distributed free samples of Revia. The same holds true
for journal advertisements, etc. In summary, $60 million for the promotion of
sertraline and $20 million for risperidone were spent in 1999, in contrast to $0
for naltrexone. It seems to be this apparent lack of interest on the part of the
pharmaceutical industry which contributes to the low use of anti-
craving/relapse drugs by alcohol-dependent patients. In a recent debate with
representatives of the pharmaceutical industry, the challenges of marketing
strategies and further drug development in alcoholism have been outlined by
an expert group [18].

A major challenge that was recognized by this expert group is that the
development of marketing strategies and drugs by the pharmaceutical industry
is hampered by their unenthusiastic and reluctant attitude to invest money in
the field of alcoholism. In order to advance in this respect, industry’s commit-
ment in this field ought to be enhanced, especially by means of socio-political
pressure. Until the very present, most of the advancements in alcohol research
and drug development for relapse prevention are currently taking place in uni-
versity-based laboratories, but this rarely progresses to higher levels of clini-
cal trials. As demonstrated in this book, preclinical research has produced
potentially interesting targets and drugs; however, a full-scale clinical trial of
a candidate medication is always an expensive undertaking and rarely sup-
ported by funding bodies. One solution to this problem would be that before
cost-intensive phase II/III studies are initiated on the basis of preclinical find-
ings, small orientation studies using few patients and controls would aid in
rapidly translating preclinical findings into clinical trials. Although small ori-
entation studies always bear the danger of false positive and false negative
results, they would certainly be a good help in guiding companies in the deci-
sion-making on cost-intensive endeavors. A convincing example of this
approach is the medication development of acamprosate. Thus, the effective-
ness of acamprosate to decrease alcohol consumption was first demonstrated
in preclinical studies [19]. Then, in a small orientation study by Lhuintre et al.
[20], it was shown that of the 70 patients who completed the study, 33 received
acamprosate and 37 placebo. 20 patients on acamprosate did not relapse, com-
pared with 12 on placebo. Following this study, several multi-center, double-
blind, placebo-controlled studies were initiated and based on the successful
results of these studies, acamprosate was approved in most of the European
countries [21]. Again, small orientation studies can be easily performed at uni-
versities and this knowledge could finally be used by the pharmaceutical
industry to perform phase II/III studies with cost-intensive monitoring.

However, so as to achieve approval of a novel anti-relapse drug, it is neces-
sary to conduct clinical trials in a manner deemed acceptable to the regulatory
authorities in different countries. In contrast to many other areas of medication
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development, there are no agreed guidelines from the regulatory authorities for
the conduct of clinical trials in alcoholism. Consequently, there is a degree of
variability in the conduct of trials amongst different centers and among coun-
tries as well. Clinical trials in Europe also tend to be more “naturalistic” and
more prolonged than trials in the US, making it difficult to compare data across
continents. Identified areas in which guidelines would be particularly valuable
include minimizing the bias associated with patients leaving trials premature-
ly, and a preferred main end-point in assessing outcomes. However, it must be
recognized that the preferred main end-point probably cannot be identical for
all medications because of the need to match clinical end-point with the mech-
anism of action of the drug. For example, although anti-relapse drugs such as
naltrexone and acamprosate might share an end-point such as “cumulative
abstinent days” during the trial, this would not be appropriate for an agent
aimed at reducing excessive drinking (e.g., galanthamine) without necessarily
producing abstinence at all. Such an agent might be therapeutically very valu-
able but would not be identified as effective by a purely “abstinence-based”
outcome measure. Overall, it is clear that pre-trial motivation for patients in
reducing their alcohol consumption must be assessed and incorporated into
study design and/or statistical analysis. Also, ideally, outcome measures
should reflect clinical relevance, quality of life and economic cost/benefit
analysis. Regardless of the complexity, it would certainly increase the indus-
try’s enthusiasm for the development of medications if some guidelines for
acceptability were issued by the appropriate regulatory authorities.

Educational programs for improving the clinical and social “climate” for
pharmacological relapse prevention

A major factor in the low level of clinical use of validated pharmacotherapy in
the area of alcoholism may be the general public’s view that alcoholism is a
“behavior disorder”, rather than a “medical condition”. This notion is com-
pounded by the important current role of psychosocial treatment in alcoholism
and by the role of the social services in recovery and rehabilitation. This has led
to some opposition (or at least antipathy) to medical treatment of alcoholism by
the psychosocial community, who may feel that their position could be under-
mined by effective pharmacotherapy. Unless these barriers are overcome, med-
ications that are effective treatments will have a hard time to reach the patients
and therefore will not become profitable. This alone is sufficient in dissuading
the pharmaceutical industry, or any other researcher interested in the practical
value of his/her research, from becoming committed to medication develop-
ment for alcoholism. This failure to penetrate a potential market is perhaps the
major challenge to an effective drug development strategy. Better dissemination
of information and more aggressive “educational marketing” (by government
and professional organizations, as well as industry) are required if medication
development in alcoholism is to have a brighter future. This is particularly

224 R. Spanagel and K.F. Mann



important for primary healthcare practitioners. The major challenges appear to
be in explaining and marketing drugs for alcoholism so that physicians and
patients alike may genuinely accept them. Additionally, there is a compelling
need to explain and integrate medical and psychosocial treatments so that there
is less opposition to the introduction of a pharmacotherapy.

Conclusion

For relapse prevention, two effective drugs are currently on the market and
many more drug targets and compounds have already been developed. The
effectiveness of acamprosate and naltrexone may further be improved by either
combining the two drugs or by combining the drug with behavioral and psy-
chosocial therapy (project COMBINE). Yet another possibility to improve
their clinical efficacy is to identify treatment responders a priori, either by
matching with a specific “craving type” or by matching with the genetic make-
up of a particular alcoholic patient (project PREDICT). Although both con-
cepts may improve clinical efficacy of acamprosate and naltrexone, one has to
emphasize that both compounds are clearly superior to a combined treatment
of placebo and behavioral/psychosocial therapy. However, compared to other
classes of psychopharmacological therapeutics, anti-relapse drugs are rarely
prescribed. This is even more surprising, considering the fact that differences
in the clinical efficacy among anti-depressants and active placebos are small
[22]. Nevertheless, anti-depressants have for many years now conquered the
world market. The question as to why anti-relapse drugs are so infrequently
prescribed is best left addressed to the pharmaceutical industry. They are still
hesitant in using appropriate marketing strategies, with only little interest in
investing money in further drug development. Another problem, which adds to
the low prescription rates, is the general public’s view that alcoholism is a
“behavioral disorder”. This stigma is reinforced by the majority of profession-
als in the addiction field including psychologists, social workers, members of
self-help groups and counselors, who are quite hesitant in promoting the use
of any kind of medication. The only way out of this dilemma is a better dis-
semination of information and more aggressive educational marketing by gov-
ernment and professional organizations. The main player in the future in this
regard, however, could be the pharmaceutical industry, but only if they take it
upon themselves to conquer this potentially lucrative market, with the main
beneficiaries being the patients themselves.
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Agent interfering with ethanol metabolism

Disulfiram
(Antabuse®)

CH3

N

CH3

S

SS

S

N

CH3

CH3

blocks the oxidation of EtOH at
the acetaldehyde stage

Agents acting at glutamate receptors

Acamprosate
Ca

2+

CH3

O

O

OH
S

O

NH

CH3

O

O

OH

S

O

NH

functional NMDA antagonist

AP-5

PO3H2

CO2HNH2

competitive NMDA antagonist

CGP37849

CO2H

PO(OH)2

NH2Me

competitive NMDA antagonist

CPPene NH

N

HHOOC

OH
O

-

OH

P
+

competitive NMDA antagonist

Ifenprodil
N

OH

OH

OH

CH3

NMDA NR2B antagonist
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Agents acting at glutamate receptors (continued)

L-701.324

N
H

Cl O

OH

O

NMDA GlycineB antagonist

Memantine
CH3

CH3

NH2

uncompetitive NMDA
antagonist

MK-801
(dizocilpine)

CH3

NH

uncompetitive NMDA
antagonist

Neramexane

NH2

CH3

CH3

CH3

CH3

CH3 uncompetitive NMDA
antagonist

PCP (phencyclidine)
H N

+

uncompetitive NMDA
antagonist

GYKI 52466

Me

O

N

O

N

NH2

non-competitive AMPA
antagonist

NBQX
O

O

N
H

N
H

O

O

S
NH2

O2N

AMPA antagonist

MPEP
N

CH3

mGluR5 antagonist
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Agents acting at GABA receptors

Baclofen

O

Cl

NH2
OH

GABAB agonist

CGP 44532 P

O
CH3

OH

NH2

OH

GABAB agonist

Agents acting at serotonin receptors and the serotonergic system

Amperozide

FF

N

N

O

NH

CH3

selective 5-HT2

antagonist

Buspirone

N

N

N N

N

O

O

5-HT1A partial agonist

Citalopram

O
N

F

N
CH3

CH3

selective serotonin
reuptake inhibitor

CGS 12066B
(dimaleate)

N

NCF3 N

NMe.2C4H4O4

5-HT1B/1A agonist
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Agents acting at serotonin receptors and the serotonergic system (continued)

CP-94,253
(hydrochloride)

N
H

NO

NH

CH3

.HCl

5-HT1B agonist

DOI (hydrochloride)

I

OCH3

H3CO

CH3

NH2

.HCl
5-HT2A agonist

Fluoxetine

F

F

F

O

NH

CH3 selective serotonin
reuptake inhibitor

Gepirone

N

N

N N

N

O

O

CH3

CH3 5-HT1A agonist

GR127935
Me

N

N

OMe

NH

O

Me

N

O

N

Me

.HCl

selective 5-HT1B

antagonist

Ipsapirone
S

N

O O

N

N

N

N

O

5-HT1A agonist
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Agents acting at serotonin receptors and the serotonergic system (continued)

mCPP

NH

N

Cl

5-HT1B/2C agonist

MDL 100,907

F

N

OH

O

O
CH3

CH3

5-HT2A antagonist

Mianserin N

N

CH3

non-selective
5-HT2 antagonist

8-OH-DPAT

OH

N

CH3

CH3
5-HT1A agonist

Ondansetron

N

N

N

CH3

O

CH3

5-HT3 antagonist

pCPA

OHO

NH2

Cl

serotonin synthesis
inhibitor
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Agents acting at serotonin receptors and the serotonergic system (continued)

Ritanserin

F

F
N

N

N

S CH3

O
5-HT2 antagonist

Ro 60-0175
(fumarate) 5-HT2C agonist

RU24969
(hemisuccinate) 5-HT1B/1A agonist

Sertraline

Cl

Cl

NH
CH3

selective serotonin
reuptake inhibitor

TFMPP N

N
H

CF3

5-HT1B/2C agonist

WAY 100635

N

N
N

N

O

O
CH3 highly selective 5-

HT1A antagonist
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Agents acting at dopamine receptors

Apomorphine

N

OH

OH

H
CH3 non-selective

dopamine receptor
agonist

Bromocriptine

N
H

N

Br

H
CH3

H

O

NH

N

N

O

O

H

H

CH3

CH3

O

OH
CH3

CH3

dopamine D2 agonist

Eticlopride

N

CH3

NH

O
OH

CH3

O

CH3Cl

dopamine D2
antagonist

Flupenthixol

S

CF3

N

H

N OH

D1/2 antagonist

Haloperidol

Cl

N

OH

O

F

dopamine D2
antagonist
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Agents acting at dopamine receptors (continued)

Lisuride (maleate) dopamine D2 agonist

Methoxybenzamide

OCH3

O NH2

selective dopamine
D2 antagonist

Raclopride

NHOH
N

OH

ClCl

OH3C
CH2CH3

selective D2
antagonist

Remoxipride

NHO

Br

O
CH3

N

CH3

H

O
CH3

D2 antagonist

SCH 23390

N CH3

Cl

OH
H dopamine D1

antagonist

SDZ 208-911 N

N
H

CH3

H
CH3

NH
CH3

CH3

CH3

O

H

partial D2 agonist
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Agents acting at dopamine receptors (continued)

Terguride
H

NH

N CH3

H

NH

N

O

CH3

CH3

partial D2 agonist

Tiapride HCl selective D2
antagonist

U99194A O

O

CH3

CH3

N

CH3

CH3

.HCl

dopamine D3
antagonist

Agents acting at neuropeptide Y receptors

BIBP 3226
NH

NH

O

O

NH

NH NH2

OH

.HCl

selective
neuropeptide Y1

antagonist

BIIE 0246

NH

O

N

N

NH
NH

O O

NH

NH

NH2

O

N
N

N

O

O

non-peptide
neuropeptide Y2

antagonist
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Agents acting at opioid receptors

_-funaltrexamine

OH

O OH

N
H

NHMeO2C

O

µ-antagonist

CTOP H-D-Phe-Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH2 µ-antagonist

ICI 174864 N,N-diallyl-Tyr-Aib-Aib-Phe-Leu δ-antagonist

Nalmefene

OH

CH2

O OH

N

µ-antagonist

Naloxonazine

OOH

OH

N

CH2

N O OH

OH

N

CH2

N

µ1-antagonist

Naloxone

OH

O

O OH

N

CH2

nonselective
antagonist

Naltrexone

OH

O

O OH

N

nonselectiv, but
higher affinity
µ-antagonist
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Agents acting at opioid receptors (continued)

Naltriben DPhe-Cys-Tyr-DTrp-Orn-Thr-Pen-Thr-NH2 δ2 antagonist

Naltrindole

OH

O OH

N

NH

δ antagonist

Agents acting at cannabinoid receptors

CP55,940

CH3

H

H

OH

OH

CH3
CH3 CH3

CB1/CB2 agonist

SR 141716 (A)
(Rimonabant)

Cl

N

N

Cl

Cl

CH3

NH

NO

CB1 antagonist

WIN 55,212-2

N

O
O

N

CH3

O CB1 agonist
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Index

A1 allele, dopamine D2 receptor
gene  158

A2 allel, dopamine D2 receptor gene
158

A1/A1 genotype, dopamine D2
receptor gene  158

A1/A2 genotype, dopamine D2
receptor gene  158

A2/A2 genotype, dopamine D2
receptor gene  158

AA meetings, nalmefene treatment
129

abstinence-violation effect  46
acamprosate  15, 32, 33, 35, 42–47,

53, 70, 73–81, 85, 148, 222
acetaldehyde  41, 128
acetaldehyde dehydrogenase  41
adjoining behavior  41
adverse effects  127, 128, 131
agouti-gene-related protein (AGRP)

190
alcohol dependence treatment  43–46
alcohol deprivation effect (ADE)

13, 51, 102, 137, 167, 182, 219
alcohol priming  14
alcohol withdrawal syndrome

(AWS)  173, 175
alcoholics anonymous  7
alcohol-sensitizing medications,

pharmacology  32
AMPA  205
amygdala  122, 190–193, 197
anhedonia hypothesis  155
animal models  15, 96, 102, 138,

143, 164, 181, 192, 193, 197, 212
Antabuse® 41–47, 128
anticraving substances  47
anti-depressant  222
anti-dipsotropic agent  86

anxiolytic drugs  191
Aotal  85
apolipoprotein J  30
apomorphine  155
atypical neuroleptic, tiapride  157

baclofen  163–169, 171–178
barbiturate-induced sleep  192
benzodiazepine  191, 222
beta endorphin  42, 64, 117
beta funaltrexamine  118
beta hexosaminidase  30
beta naltrexol  66, 125
bioavailability, nalmefene  125
biological markers of alcohol effects

29
black box warning  127
blood test for liver cirrhosis  127
brain dopaminergic system  155
brain NPY circuitry  191
brain NPY system  189
bromocriptine  136, 156–159
buspirone  109

calcium acetylhomotaurinate  85
calcium carbimide  32
Campral  42
cannabinoid CB1 receptor  181
carbohydrate-deficient transferrin

(CDT)  29, 30, 35
CGP 37849  211
CGP 44532  164
classical conditioning  120
cocaine  131, 159
cocaine addicts  159
cognitive behavioural therapy  46, 91
collateral informant report  29, 30,

32, 36
Combine Study  35, 221



community reinforcement model  3
concurrent recall method (CR) 26, 35
conditional knockout mouse  15
conditioned place preference  13,

120, 142
conditioned reinstatement  139
conditional withdrawal  222
contextual cues  120
continuous abstinence  86
contraindications, naltrexone  127
Coping therapy  130
cortisol  65, 128
cost-effectiveness on different

treatment approaches  89
CPON (C flanking peptide of NPY)

189
craving  35, 42, 43, 46, 47, 66, 130,

135, 141
credibility, of treatment outcome

data  26
CTOP  118, 119
cumulative abstinence duration  87

D1 antagonist  146
D1 receptor  142
D2 agonist  144
D2 autoreceptor  138
D2 receptor  138
D3 antagonist  143
D3 knockout mouse  143
DA hypoactivity  146
DA transmission  135, 137
daily drinking, estimation measures

(DDE)  26, 35
depot preparation, naltrexone  65
depression  129
dextromethorphan  217
disulfiram  29, 32, 33, 41–47, 69,

91, 128
dizocilpine  206
dopamine  59, 107
dopamine D2 receptor gene, alleles

158
dorsal raphe nucleus  96
D-Pen-Cys-Tyr-D-Trp-Orn-Thr-Pen-

Thr-NH2 (CTOP)  118, 119
drink driving  2
drinking, biological measures  29,

30
drinking at the onset of treatment

132
drinking behavior, measurement of

23–30
drinking data, methods used to

collect  25–30
drinking frequency  89
dynorphin  117

eating during nalmefene treatment
128

emotionality  197–199
endogeneous amino acid  86
endogenous opioids  42, 59
β-endorphin  42, 64, 117
enkephalin  117
ENU mutagenesis  19
escalation paradigm  13
ethanol-related contextual stimuli

140
ethanol-seeking behavior  120
ethanol-seeking behavior, NPY  191

–195
eticlopride  140
event-related potential (ERP)  191
evidence-based medicine  89
extinction  15, 129
extinction therapy  17

first-pass metabolism  126
fixed ratio (FR1)  15
fluoxetine  53
flupenthixol  156, 159, 160
flushing and acetaldehyde  128
flushing reaction  128
follicle-stimulating hormone  128
Food and Drug Administration

(FDA)  127
footshock stress  14
form 90  26, 35, 36
β-funaltrexamine  118
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GABA  64, 190
GABAB receptor  163, 171, 172
galanthamine  224
gambling  132
gamma glutamyl transferase (GGT)

29, 30, 33, 62, 130
gender-related effect  159
genetic animal model  193–195
genetic modification  196
genotype, dopamine D2 receptor

gene  158
glucuronide conjugate  125
GluR-A  212
GluR-C knockout mouse  212
glutamate  73, 205, 214, 220
glutamate transporter  214
glutamatergic hyperexcitability  86,

218
glutamatergic system  86
glycine  206
Golden Hamster  196
group therapy  43–46, 129
growth hormone (GH)  155
GYKI 52466  212

HAD rats  193
half-life, nalmefene  125, 127
half-life, naloxone  125
half-life, naltrexone  125
haloperidol  136
harm reduction  217
headache  129
hedonic effect  155
hemodialysis  127
hepatic toxicity  127
heroin  129
β-hexosaminidase  30
high alcohol-drinking (HAD) rats

193
homotaurine  85
hormonal effects, nalmefene  128
5-HT receptor  95–101
5-HT1A autoreceptor  96, 97
5-HT1B receptor  98, 99
5-HT2A receptor  99, 100

5-HT2C receptor  100
5-HT3 receptor  100, 101
hyper-glutamatergic state  218
hypothalamo-pituitary-adrenal axis

67

ICI 174864  119
ifenprodil  211
incentive-sensitization hypothesis

155
Indiana alcohol-preferring (P) and

alcohol-nonpreferring (NP) rats
193, 197

ingestive behavior  118
insomnia  129
intention-to-treat analysis  157–159
interactive voice response (IVR)

technology  27, 28, 36

Kainate receptor  205
ketamine  217
knockout mice  193–195, 198

L-701.324  211
LAD rats  193
Lesch typology  159
lisuride  144, 156, 157
lithium  30–33
liver  127
liver cirrhosis, blood test  127
liver toxicity  127
Long-Evans rat  192, 197
long-term abstinence  88
low alcohol-drinking (LAD) rats  193
luteinizing hormone  128

marital therapy  41, 47
median raphe nucleus  96
memantine  207
mesolimbic DA transmission  137
mesolimbic dopamine  122
metabotropic glutamate receptor

(mGluR)  86, 205
methylnaloxonium  122
mGluR5  76, 86, 122, 205, 212
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minimal motivational support  91
MK-801 (dizocilpine)  206
Motivational Enhancement Therapy

(MET)  131
MPEP  212
mu receptor  125

nalmefene 33, 34, 125, 126, 128, 129
nalmefene doses  129
nalmefene, binding  126
nalmefene, half-life  125
nalmefene, oral  125
naloxonazine  118–120
naloxone  125–127
naloxone, binding  126
6-β-naltrexol  66, 125
naltrexone  15, 28, 33–35, 42–47,

65, 90, 125, 127, 147, 222
naltrexone, in combination with

acamprosate  53, 221
naltrexone, acquisition of ethanol

consumption  51
naltrexone, alcohol deprivation

effect (ADE)  51
naltrexone, binding  126
naltrexone, combination

pharmacotherapy  53
naltrexone, continuous and repeated

dosing (pre-clinical)  51
naltrexone, dosage (pre-clinical)  49
naltrexone, in combination with

fluoxetine  53
naltrexone, food and fluid intake  52
naltrexone, hypnotic effects of

ethanol  53
naltrexone, specificity of action  52
naltrexone, taste aversiveness of

ethanol  54
naltriben  120
naltrindole  119, 120
natural healing process  9
nausea  129
negative reinforcer  144
Nemexin  42
neramexane  207, 220

neuroimaging  91
neuro-physiological measures  91
nitric oxide synthase  190
NMDA receptor  73, 86, 205
NMDA receptor function  86
nortriptyline  158
NP rats  193, 197
NPY, EtOH seeking behaviour  191–

195
NPY molecule, structure  190
NPY signalling, endogenous  189
NPY signalling, EtOH

administration  192, 193
NPY system  199
NPY system, basic biology  189–191
nucleus accumbens  63, 121, 135,

212
numbers needed to treat (NNT)  89

ondansetron  110
opiate antagonist  147
opioid antagonists  33
opioid receptor  117, 125
δ-, κ- and µ-opioid receptors  117,

222
oral disulfiram, methodology  42
Orientals  128
outcome indicator  24
outcome measure  24, 25

P rats  193, 197
palatable foods  128
paraventricular nucleus (PVN)  197
partial agonist  146
Pavlovian association  143
PECT study  156
pharmaceutical industry  222
pharmacotherapy trials  30–34
phencyclidine (PCP)  206
photon emission computed

tomography (PECT)  155, 156
polyamines spermine  206
positive reinforcer  144
positron emission tomography (PET)

155
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preproNPY  189
preproNPY gene  195, 196
Pro7 allele frequency  195
PROJECT PREDICT  91, 221
prospective daily monitoring  27–29
protracted ethanol withdrawal  137
psychostimulant addiction  156
psychotherapy  35, 43–46, 67, 91,

131
punishment  1

quantitative trait locus (QTL)
analysis  193

quantity-frequency methods (QF)
26

raclopride  142
reinstatement model  13
reinstatement procedure  102
relapse: definition of terms  132
remoxipride  142
renal insufficiency  127
Revex® 128
Revia  42
riboflavin marker  32
ritanserin  110

sardinian alcohol-preferring (sP) rat
164, 181

SCH 23390  140
SDZ 208–911  147
second order schedules  13
sedation  192
selective breeding  19
selective serotonin reuptake inhibitor

(SSRI)  107
self-administration of ethanol  138
self-report measures  36
self-report measures, alcohol

consumption  25–30
self-reported drinking data, methods

for the collection  26–30
serotonergic system  95, 107
serotonin (5-HT)  107
serum alanine aminotransferase

(ALAT)  29
serum aspartate aminotransferase

(ASAT)  29
serum GGT  29
serum β-hexosaminidase  30
SGOT  129
sialic acid  30
single nucleotide polymorphism

(SNP)  195, 196
social drinker  14
social skills training  47
sociodemographic data  43
somatostatin  190
spermidine  206
Sprague-Dawley rat  192, 197
SR 141716  181
12-step recovery process  60
stress  194, 198, 199
substitution therapy  217
supervised intake  41
supportive therapy  131

taurine  73, 85
terguride  147
testosterone  128
thioxanthene neuroleptic  159
tiapride  156, 157
timeline followback method (TLFB)

26, 27, 35, 36
transgenic mice  193
transgenic rats  194
treatment outcome study  24

U99194A  142, 143
uncompetitive NMDAR antagonist

207, 217

ventral tegumental area  64
visual analogue scale (VAS)  43

Wikler’s hypothesis  129
Wistar rat  191–193, 197
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