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Rational treatment of addiction
Lars Terenius

Treatment of alcohol and drug addictions, which has been
neglected medically for a long time, is currently sparked
with optimism. Craving for alcohol can be treated with two
newly registered drugs: naltrexone and acamprosate. New
approaches to symptom relief during detoxification or during
maintenance therapies are rationally based on experimental
and clinical work. It is now clear that addictive drugs are
surrogates of natural substances involved in the ‘reward
system’.
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Abbreviations
5HT 5-hydroxytryptamine
GABA γ-aminobutyric acid
NMDA N-methyl-D-aspartate
SSRI selective serotonin re-uptake inhibitors
VTA ventral tegmental area

Introduction
Drug dependence has a major impact on society, eco-
nomically and socially. The dimensions of illegal drug use
have called for drastic measures in order to reduce their
availability, without much success. The implementation
of tougher drug laws also seems to have little preventive
effect, but has increased the costs for law enforcement.
Faced with the situation that we may be losing ‘the
war on drugs’, the current debate focuses on ‘harm
reduction’. A contributing factor to this change in focus
has been the spread of HIV and hepatitis by shared
needles among addict populations. Medications that keep
the addict from the street, such as methadone tablets
for the heroin addict, are accepted medically and legally.
Besides reducing the exposure to infective agents, this
drug has the added advantage of legality and puts an
end to antisocial behavior. Thus, harm is reduced for the
individual and for society. It is beyond the scope of this
review to analyze the current debate on harm reduction,
which should be separated from the issue of legalization.
Certainly, to care for the individual who is already an
addict is a medical problem, and a difficult one [1].

In the public eye drug dependence equals illegal drug
use; however, consequences of dependence on tobacco
(nicotine) and alcohol, which are legally available (with
certain restrictions), are considerable. Numerous studies
have shown that tobacco smoke is a major environmental
health hazard. The medical consequences of heavy drink-

ing of alcohol are more difficult to estimate, as self-reports
of consumption are unreliable. It has been estimated,
however, that about 30% of beds in medical services may
serve people who have alcohol-related medical problems
(RD Moore et al.; see Note added in proof). On a
quantitative basis, and considering medical complications
only, there is no doubt that tobacco and alcohol are the
dominating problem drugs. This review focuses on the
developments in understanding of addiction as a medical
concern and as a biological phenomenon, and also on the
recent addition of new drug therapies.

The public attitude
There is probably no other medical area that has been
influenced so much by the public attitude as drug
dependence. A moral stand that ‘they brought it on
themselves’ [2] certainly influences therapists and the
public alike. In fact, alcoholism itself has sometimes not
been considered a medical problem as such, only its
consequences. Medical treatment has been concentrated
on somatic complications whereas the root to these
problems, excessive drinking, has been left to counsellors,
or recovered alcoholics in organizations such as Alcoholics
Anonymous. The possibility of medical intervention for
alcoholism, however, was recognized by a few scientists,
and led to the introduction of the drug disulfiram.

Disulfiram
The discovery of disulfiram is an illustrative and amusing
study of accidental discoveries in pharmacology, not only
of a new drug, but also of a new treatment principle.
During the Second World War, Erik Jacobsen and Jens
Hald, working in occupied Denmark, were searching for
substances to kill scabies (vermicides). Disulfiram was
tried because it binds copper and it was thought that
lower species had a stronger need for this metal. Successful
animal experiments seemed to prove the principle. When
Jacobsen and Hald tried the substance on themselves
they ‘developed a peculiar hypersensitivity to alcoholic
drinks, very much like an acute allergic reaction’ with
flushes, pulse acceleration, nausea and vomiting [3].
The mechanism for disulfiram action was discovered by
injecting alcohol into a subject and sensing the smell of
acetaldehyde on the breath [4]. It would take several years
to find a clinical use of disulfiram, because it was thought
there would not be enough patients to treat!

Disulfiram has been found to be a very safe drug, with
minimum toxicity except when alcohol is consumed.
It has been widely used, particularly in the early
post-detoxification period. It is definitely not a cure and
several alcohol treatment centers use it restrictively. In
a position paper by the American College of Physicians
[5] it was concluded that disulfiram can be an effective
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adjuvant in the compliant patient. There is little evidence,
however, that the long term outcome on alcoholism
is affected. Another enzyme inhibitor is daidzin, the
active principle in the Chinese herbal medicine Kudzu,
which has been used for the treatment of alcoholism for
centuries. Daidzin reduces voluntary alcohol intake in
experimental animals and acts by blocking mitochondrial
aldehyde dehydrogenase [6].

The ‘reward center’
Why do certain substances, which are chemically unrelated
and which interact differently with different types of
receptors, induce dependence? Although this question
cannot be answered in a simple straightforward manner,
certain general characteristics are common, the most
important being an interaction with reward mechanisms.
Classic experiments have identified a particular brain
nucleus, the nucleus accumbens, as critical for self-stim-
ulation. Rats with electrodes implanted into this region
of the brain were found to happily press a bar that
activated a current. Other spontaneous behavior was
compromised and the self-stimulating animal lost body
weight and neglected grooming and tidiness. Other areas
that are important for reward include the ventral tegmental
area (VTA), which feeds into the nucleus accumbens,
and the frontal cortex, which receives projections from
the accumbens. These nuclei and adjacent structures
including the amygdala, are often alluded to as the ‘reward
center’ — clearly an artificial concept, but convenient to
use [7].

A central role is also played by the mesolimbic dopamine
pathway, which projects from the VTA to the nucleus
accumbens. The most powerful drugs of abuse, am-
phetamine, cocaine and heroin, act directly on these
pathways. Amphetamine and cocaine inhibit dopamine re-
uptake into the nerve terminals in the nucleus accumbens,
thereby potentiating the actions of dopamine. The interac-
tion occurs at the level of the dopamine-transporter, which
is responsible for re-uptake of dopamine in the synapse.
Consequently, mice in which the dopamine-transporter
has been knocked out are spontaneously hyperactive and
are unresponsive to amphetamine or cocaine (which cause
hyperactivity in the wild type animal) [8]. Surprisingly,
however, mice that lack the transporter will self-administer
cocaine [9]. Heroin interacts with this dopamine pathway
by disinhibiting inhibitory interneurons in the VTA,
thereby increasing the activity in dopamine neurones.
Heroin also acts directly in the nucleus accumbens.
Direct supporting evidence has been obtained by mi-
crodialysis, a technique that allows the measurement of
neurotransmitters in the extracellular fluid at the site of
release [10]. Recent work has also shown that nicotine and
cannabinoids (the active ingredient in cannabis) increase
dopamine levels by an action on enkephalinergic neurones
that, by release of opioid peptides, disinhibit the inhibitory
influence on dopaminergic cell bodies [11]. These results
have added to the general significance of the mesolimbic

dopamine pathway for drug dependence and have also
been used as arguments that nicotine and cannabinoids are
dependence-producing substances.

A generalized model for the actions of dependence-pro-
ducing drugs is, of course, attractive. It is becoming
more common to find individuals who take several drugs,
or drugs and excessive alcohol — for example, smokers
are 10 times more likely to become alcoholics than
nonsmokers [12].

Drugs of abuse as surrogates of natural
reward substances
Certain endogenous systems were discovered on the
basis of the actions of drugs of abuse. The now classic
example is the opioid peptide system. Prototype opiates
such as morphine and meperidine act almost exclusively
through the µ opioid receptor. Mice with a µ receptor
knockout do not become morphine-dependent [13]. As
well as the µ receptor, two other receptors, the δ and κ
receptors, have been defined. The opioid peptides also
derive from three genes encoding for preproenkephalin,
preprodynorphin and preproopiomelanocortin. Each of
these genes is polyfunctional (i.e. several biologically
active peptides may be generated by selective proteolytic
processing with proteases). Enkephalins act on the µ
receptor and also on the δ receptor with an equal
or higher affinity. β-endorphin, which is a 32 amino
acid peptide derived from proopiomelanocortin, also acts
on both receptors. Both enkephalins and β-endorphin
are self-administered when provided exogenously to
the nucleus accumbens or VTA in a similar way as
heroin or morphine [14]. Thus a number of attempts
have been made to analyze the potential influence of
exogenous (chronic) opiate administration on the activity
in endogenous opioid systems. Opioid mechanisms in
alcohol addiction have recently come into focus, with the
clinical use of naltrexone to prevent relapse in alcoholism
(see below).

The dynorphin peptides primarily act on the κ receptor
and are pharmacologically very distinct from the opiates
or enkephalins and β-endorphin. Behaviorally, these
substances are not self-administered and there is evidence
that dynorphin peptides microinjected into the nucleus
accumbens reduce the release of dopamine from the
terminals of mesolimbic nerve endings [15]. It may be
speculated that dynorphin peptides are endogenous mod-
ulators of the reward system. In fact, strains of rats that are
comparatively resistant to developing dependence express
higher dynorphin levels in the nucleus accumbens [16].
Substances acting on κ receptors may become interesting
in the control of drug-induced reward [17].

The discovery of the cannabinoid-1 (CB1) receptor, which
is almost unique to the brain [18], and the identification
of endogenous substances acting on the CB1 receptor,
is also intriguing. The first isolated substance showing
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affinity for the CB1 receptor was anandamide, generically
related to arachidonic acid, but otherwise structurally
unique [19]. Anandamide and other related substances are
probably active in the absence of external stimuli [20]. It
is, however, questionable whether they are truly addictive
or not: levonantradol, a synthetic agent that acts on
the CB1 receptor, has shown limited clinical use as an
antiemetic in cancer patients. The issue of dependence
has not been a major concern [21]. Animal studies
with cannabinoid antagonists that have very recently
become available may challenge this contention. In rats
continuously infused with the major active ingredient
in cannabis, ∆9-tetrahydrocannabinol, the cannabinoid
antagonist SR 141716A precipitates withdrawal [22].

Drug dependence and craving
Drug dependence may be considered an altered state,
a change in homeostasis certainly involving several
neurotransmitters. Dependence can be manifested phy-
siologically in the abstinence reaction, which can be
medically significant (in the case of alcohol) or extremely
unpleasant (in the case of heroin). These phenomena
can be readily reproduced in experimental animals. In
fact, substitution of a withdrawal reaction is a common
test situation for studying the abuse potential of a new
drug. A very important component is the psychological
dependence and the conditioning to a stimulus that might
be associated with the use of a drug, such as a syringe
for the intravenous abuser, or the liquor store or a favorite
bar for the alcoholic. Principally, an addict could relapse
for two different reasons. First, the addict experiences
withdrawal with painful symptoms, which can appear
weeks or months after discontinued drug intake. Such
periods of protracted withdrawal may be very critical
times in an addict’s life. Second, there is the longing for
euphoria or detachment from reality, or ‘craving’. The
term is meaningful to the patient, because it gives a
name to the strong desire to continue with the abuse,
despite the consequences. Animal models designed on the
basis of self-stimulation procedures have been developed
to predict clinical efficacy of pharmacotherapies for drug
abuse [23].

Drug treatment during abstinence
Attempts to provide pharmacotherapies to alcohol and
drug addicts have previously focused on different aspects
of the clinical manifestations of abstinence. Hyperactivity
in excitatory systems, primarily the glutamate system,
is a characteristic feature of alcohol withdrawal, and
may require pharmacological treatment using benzodi-
azepines or symptom-oriented therapies. The guiding
principle is to protect the brain from potentially hazardous
excitatory influence in the acute phase of abstinence
and not long term rehabilitation. This important area
of treatment, which is not the focus here, has been
reviewed recently [24]. Hyperactivity during alcohol and
drug withdrawal is also apparent in the noradrenergic
systems. Electrophysiological recordings from the locus

ceruleus, the major source of noradrenergic innervation
of the cerebral cortex, indicate hyperactivity long after
drugs have been discontinued and it has been thought
that this could be a driving force in drug-seeking behavior
[25]. The α-adrenergic stimulant clonidine, used clinically
to treat hypertension, has been used to treat addicts.
Clonidine reduces the severity of abstinence reactions
according to the hypothesis and makes the patient more
comfortable. Clonidine is used quite widely to relieve
abstinence reactions, which suggests that the drug has a
therapeutic niche. Controlled studies have not indicated a
major usefulness of the drug in the long term, however.

To reduce discomfort, but also to affect long term
prognosis, heroin addicts undergoing detoxification have
been given the opiate antagonist naloxone in a continuous
infusion, under general anaesthesia, for several hours. This
approach, which has received some publicity, requires
intensive care facilities that necessarily limit its practical
use. Only a few medical centers are currently using this
technique. So far, the published case material is rather
small and, given the large variability in treatment outcome,
it will take time to evaluate the clinical efficacy of the
procedure [26,27].

Drug abstinence as a depressive state
The detoxified addict is in a vulnerable state. Co-morbid-
ity with depressive symptoms is quite common. A number
of trials using antidepressive drugs to treat alcoholics and
drug addicts have been reported. A potential confounding
variable is in the selection of patients, particularly in the
extent to which patients show symptoms of depressive
co-morbidity.

The literature regarding the therapeutic use of antide-
pressants in drug dependence is inconclusive. Patients
with depressive symptomatology who respond to therapy
may be less motivated to continue antidepressant use
as a consequence of the antidepressive effect. A recent
study on imipramine demonstrated efficacy in opiate
addicts with depressive disorders [28]. The patients also
reported less consumption of opiates or alcohol, but
very few produced opiate-free urines. Imipramine is a
monoamine re-uptake inhibitor that mainly acts on the
serotonin (or 5-hydroxytryptamine, 5HT) transporter. It
is not ideal for mechanistic studies because its main
metabolite, desmethylimipramine, acts primarily on the
noradrenaline transporter. Currently, selective serotonin
re-uptake inhibitors (SSRIs) have a broad use in depres-
sion and personality disorders. Interestingly, studies in
animal models show that agents acting on the serotonin
system affect alcohol intake.

Several recent studies have used the SSRI fluoxetine.
Grabrowski et al. [29] studied over 200 cocaine addicts
who, besides receiving fluoxetine treatment, participated
in individual psychotherapy sessions. Cocaine use per-
sisted in all groups and fluoxetine was ineffective in
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reducing drug use. Another study [30] using a relatively
small number of alcoholics also failed to demonstrate
a clinical effect of the drug, although patients reported
less alcohol craving. A positive therapeutic outcome was
recorded by Janiri et al. [31] in alcohol-dependent patients,
however; this effect may lead to fluoxetine being used to
treat alcoholics rather than cocaine addiction.

Another SSRI, citalopram, was used [32] in mildly to
moderately dependent alcoholics. No other treatment was
given. There was an early effect, but no significant effect
could be seen after three months of treatment.

The 5HT2 antagonist, ritanserin, showed some promise
in animal models of alcohol and drug dependence. The
clinical evaluation has been less conclusive, however.
Naranjo et al. [33] investigated ritanserin under double-
blind conditions in heavy alcohol drinkers who were not
seeking treatment. They were asked to rate their mood,
desire to drink and degree of intoxication. Ritanserin
did not seem to have a major effect on alcohol intake,
although the subjects reported increased intoxication and
fatigue in experimental drinking sessions. A multicenter
study of ritanserin in over 400 alcohol-dependent subjects
over a 12 week period with a double-blind cross-over
design has recently been reported [34]. The subjects also
received behavioral therapy. Although the patients showed
marked clinical improvement, there were no significant
differences in alcohol drinking or clinical outcome with
ritanserin therapy. In a placebo-controlled study [35],
cocaine addicts were subjected to cues that precipitated
reproducible changes in skin temperature, heart rate and
skin resistance, indicative of high craving. Ritanserin had
no effect, except on skin temperature, thereby failing to
confirm a significant effect on cue-induced craving.

The partial 5HT agonist m-chlorophenylpiperazine (m-
CPP) was studied in recently detoxified alcoholics in
a placebo-controlled design. The patients reported a
better mood and a decreased craving for alcohol [36].
m-CPP has also been tested experimentally in alcoholics
and control subjects using positron emission tomography
(PET). Brain glucose utilization was elevated in the
nucleus accumbens, the head of the caudate nucleus and
orbital cortices; however, in alcoholics, the response was
blunted, suggesting that a serotonin challenge is much less
active [37].

Buspirone, an anxiety-reducing drug that acts on the
5HT system, has been studied clinically, producing mixed
results. A recent meta-analysis [38] indicates that the drug
is effective on some of the psychopathology observed in
detoxified alcoholics but probably has no effect on alcohol
drinking per se.

The drugs described above were introduced as antide-
pressants and not for alcohol or drug abuse. Extrapolation
has not proven entirely successful, except in subjects with

a depressive co-morbidity. It has been pointed out that
there may be technical reasons that limit the power of
extrapolation from existing indications to new ones [33].

Opiate agonist/antagonists
Methadone
In the early post-war era, the epidemic spread of
intravenous heroin use, and the associated increasing
number of deaths by overdose and infectious diseases,
prompted Dole and co-workers (see Note added in proof)
to investigate the long-acting and orally active substance
methadone as a heroin substitute. This treatment success-
fully took addicts off the streets, improved their personal
and social lives and reduced mortality. The treatment
is accepted by most patients and may continue for
many years. Withdrawal from methadone is less dramatic
than from other opiates, but more prolonged. Because
methadone is no cure for opiate addiction it will not
be discussed here in more detail. In most countries it
is reserved for chronic cases, which means that many
potential subjects may acquire hazardous diseases or die
before treatment is initiated.

Naltrexone
The narcotic antagonist naltrexone is practically a pure
antagonist that effectively blocks all opiate actions and
protects the addict from narcotics in case he relapses. It
is orally active, has a long duration and binds with high
affinity to the µ opioid receptor, the same receptor that is
activated by morphine-like opiates. The use of naltrexone
in opiate addiction is, however, very limited because of
lack of patient compliance; only for the highly motivated
patient could this be a drug of choice. Attempts have been
made to produce slow-release or otherwise long-acting
preparations, which are practical as naltrexone is very
potent. Even compulsory naltrexone depot injections have
been considered.

A more successful extended use of a medication for a
new indication is the use of naltrexone in the treatment
of alcoholism. Animal studies (M Kornet, C Goosen
and JM van Ree; see Note added in proof) indicated
that alcohol releases opioid peptides, and that opiate
antagonists suppressed voluntary drinking; however, the
significance of this phenomenon was unclear. The poten-
tial usefulness of naltrexone stems from the subjective
report by a few patients who were being treated for heroin
use and had less liking for alcohol. Two reports published
back-to-back [39,40] indicated a substantial reduction in
alcohol intake in those patients taking naltrexone. The
effect was particularly marked if the drug treatment was
combined with psychotherapy. Further work indicated
that naltrexone took away the ‘high’ feeling [41] — a
slip into drinking would therefore not have the same
consequences. The literature on naltrexone treatment
in alcoholism is already quite extensive and the area
has been subjected to several reviews (CP O’Brien,
LA Volpicelli and JR Volpicelli; see Note added in proof).
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From a mechanistic point of view, it is interesting that
the best responders have higher levels of craving [42].
The reduction of alcohol-induced craving by naltrexone
suggests that opioid peptides are centrally involved. As
data accumulate it is possible that subgroups of alcoholics
likely to respond to naltrexone will be identified.

Buprenorphine
An alternative to the pure antagonist is buprenorphine,
a very long-acting analgesic. Buprenorphine has a rather
complex pharmacology. Data indicate that it is a partial
agonist at µ receptors and an antagonist at κ receptors.
Because buprenorphine requires only infrequent dosing it
is practical for use in addicts. The substance is liked by
addicts because it apparently retains some euphorigenic
properties. An early study by Jasinski et al. [43] indicated
buprenorphine’s usefulness as an opiate agonist/antagonist.
Mello and Mendelson [44] found that buprenorphine
suppressed self-administration of heroin under controlled
conditions in a research ward. In both studies the
termination of buprenorphine did not produce significant
withdrawal reactions. This may be a consequence of
the weak effect at µ receptors and also the effect of
blocking endogenous opioids acting on κ receptors. More
recent studies compared the effects of methadone and
buprenorphine on patients using street heroin [45,46].
Patients seemed to do equally well on a low dose of
methadone and on buprenorphine, whereas a higher
dose of methadone gave better results. An intriguing
observation was made: buprenorphine suppresses cocaine
self-administration [47], suggesting that cocaine releases
opioid peptides that act in the ‘reward center’. As concur-
rent use of heroin and cocaine is common, buprenorphine
treatment seems attractive; however, in the studies cited
[46,47], opiate use declined but cocaine use did not,
and the clinical effectiveness of buprenorphine in cocaine
addiction remains to be proven.

Non-opiates
Acamprosate is the calcium salt of N-acetyl-homotaurine;
it may be considered a structural analogue of the neuro-
transmitter γ-aminobutyric acid (GABA) and it probably
interacts with GABA receptors. The main site of action,
however, is in the glutamate transmitter system and the
N-methyl-D-aspartate (NMDA) receptor [48], which is
developmentally and functionally coupled to the GABAA
receptor (Y Ben-Ari et al.; see Note added in proof).
The action of acamprosate is probably activity-dependent.
Since ethanol also interacts with GABA and NMDA
receptors, and hyperexcitability of NMDA receptors is
a characteristic of the withdrawal syndrome, there is a
direct link to chronic alcohol use. The most significant
effects may be blockade of neuronal hyperexcitability and
reduction of calcium fluxes. In animal models of alcohol
craving, acamprosate is able to reduce alcohol intake
[49•] and block the increased alcohol intake imposed by
abstinence [50].

Acamprosate has been studied clinically for several
years [51]. It reduces relapse in the post-detoxification
period and is well tolerated. It is not active as an
antidepressant or general anxiolytic. A more recent study
[52] describes a double-blind placebo-controlled study
of detoxified alcoholics who received acamprosate for 48
weeks and who were then observed for an additional 48
weeks. Patients who received acamprosate did statistically
better during the treatment period and had a lower
drop-out rate. They also did better during the follow-up
observation period. In conclusion, acamprosate is well
tolerated and has shown clinical efficacy in controlled
studies. It is now a registered drug (Campral, Merck,
Darmstadt, Germany) for treatment of alcoholism in
several European countries.

Conclusions
Addiction, and prevention of relapse especially, are
becoming areas for specific pharmacotherapy. It is now
being realized that craving for alcohol or drugs is a unique
state that is central to the long-term prognosis. Agents that
reduce craving, or possibly other physiological reactions
in the detoxified patient, can be a helpful adjunct to
psychotherapy or other forms of supportive therapy. As
such, the area is new and two drugs, naltrexone and
acamprosate, were registered during the past few years
specifically for those indications. It has been pointed out
that adequate therapy of addiction requires a long term
commitment. In that sense it is similar to diseases such
as adult-onset diabetes or hypertension, which are also
related to lifestyle, smoking, ingestion of a diet with
high levels of cholesterol and sugar, and so on, and
which develop gradually in those who are genetically
disposed. As in these diseases, a successful therapeutic
result requires a change in behavioral attitudes [2•].

The successful introduction of drugs for a new indication
may attract interest from drug companies, who may
develop other, perhaps more efficacious, substances. Basic
research in this field now gives a solid foundation at
both a fundamental molecular and cellular level [53]
and at a systems level [54•]. The failure to self-regulate
alcohol intake or to stop taking various drugs may be
studied in several animal models, specifically addressing
not only the clinically important issue of craving, but also
the issue of relapse and the importance of conditions
for further drug use. Environmental factors such as
stress can also be investigated. The number of potential
neurotransmitter systems and circuits that characterize
‘hedonic homeostasis dysregulation’ [54•] is staggering.
There are also nonhuman primate models of addiction.
Quite interestingly, among monkeys living in troops under
field conditions, individuals have been observed that
show characteristic behavior and are inclined to select
alcohol rather than water for drinking, in contrast to most
individuals [55]. The analogy to human behavior is clear.

In clinical research, new technologies are available that
have so far had very little application in studies of
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addiction. It is well known that there are genetic
disposition factors for developing alcoholism. So far,
investigations into the genetic basis for the disposition are
in their infancy. It is likely from animal studies that several
genes, perhaps interacting, are relevant [56•]. Studies
are in progress to identify candidate gene in the amino
acid, dopamine, 5HT and opioid systems. A potentially
powerful approach would be to test a particular therapy
in a population of patients characterized with respect to
relevant target genes. So far, only modest attempts have
been made using this approach.

The rapid development of brain imaging techniques offers
excellent possibilities for the study of craving. Application
of such methodology will be particularly relevant in the
evaluation of potential anti-craving substances. Recent
examples of the application of PET [37] or functional
magnetic resonance imaging [57] are illustrative. These
techniques can provide quantitative information on other-
wise subjective phenomena.

Note added in proof
The work cited as (RD Moore et al.; Dole and co-workers,
M Kornet, C Goosen and JM van Ree, CP O’Brien,
LA Volpicelli and JR Volpicelli and Y Ben-Ari et al.; see
Note added in proof) have now been published [58–62].
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