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Through a glass darkly: can we improve clarity
about mechanism and aims of medications in

drug and alcohol treatments?

David J Nutt®, Anne Lingford-Hughes® and Jonathan Chick?

Introduction

The treatment of addiction and dependence on, and misuse
of, alcohol and other drugs is one of the largest unmet needs
in medicine today, so the development of new treatments is a
pressing need. However, we have seen the development and
use of different terminologies for different drug addictions,
which confuses prescribers, users and regulators alike. Here
we try to clarify terminology of treatment models based on
the pharmacology of treatment agents. This editorial covers
all drugs that are used for their pleasurable effects and which
therefore can lead to harmful/hazardous use, dependence and
addiction. These include nicotine, alcohol and abused pre-
scription drugs such as benzodiazepines, as well as opioids
and stimulants.

The goals of treatment and disease
terminology

Drug and alcohol use is not inevitably harmful or problematic;
however, as use escalates, there is an increased likelihood of it
causing adverse consequences or harm, which has been termed
‘hazardous’ or ‘risky’ use, though these are not yet diagnostic
terms. The World Health Organization (WHO) ICD-10 defines
harmful use as ‘a pattern of psychoactive substance use that is
causing damage to health’, and this could be physical or mental,
though solely social consequences are not sufficient.

‘Progressive use of alcohol/drugs can then result in
‘Dependence’ a term defined as a cluster of behavioural, cogni-
tive, and physiological phenomena that develop after repeated
substance use and that typically include a strong desire to take
the drug, difficulties in controlling its use, persisting in its use
despite harmful consequences, a higher priority given to drug
use than to other activities and obligations, increased tolerance,
and sometimes a physical withdrawal state’.

These definitions have been used in recent NICE guidance
on management of harmful drinking and alcohol dependence.

Diagnostic criteria in the Diagnostic and Statistical Manual of

Mental Disorders, 4th edition (DSM-1V) are broadly similar
for alcohol abuse and dependence, though abuse includes
social consequences. DSM criteria are those commonly used
in trials. DSM is currently under revision with publication
due in 2013 and it seems likely that ‘addiction’ will replace
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dependence, since the use of the term ‘dependence’ has led to
confusion, for example, describing anti-depressants as addic-
tive due to some aspect being present such as withdrawal,
whereas the core of addiction, ‘compulsive’ drug use, is lack-
ing (see Nutt, 2003). Dependence is proposed to be used to
describe ‘physiological dependence’ that happens on repeated
doses of drugs such as opioids, benzodiazepines; again, many
users do not abuse or escalate their use, so are not ‘addicts’.

Treatment approaches

In general, there are three types of treatments for addiction/
dependence on alcohol/drugs which for convenience can be
called withdrawal treatment, substitution therapy and absti-
nence-promoting therapy, respectively (Table 1). We do not
consider withdrawal treatments in this editorial: because
there is more general consensus about their meaning, although
the context may vary, being sometimes elective (as a prior step
in a patient s abstinence oriented therapy) or urgent, when
some crisis has precipitated cessation of the addictive substance
and withdrawal reaction if severe might be life-threatening, as
in severe alcohol addiction.

Substitution therapy

This can be defined as a medication that has one or more of
the pharmacological effects of the substance which are
believed to be relevant to the addiction. Substitutes are effec-
tive in preventing withdrawal from the abused drug and so in
many cases can be started once a decision is made to stop
using the abused drug. They reduce craving and the desire to
use the abused drug as well. Substitution treatments are pre-
ferred by patients, which encourages compliance. As they
have to be prescribed, often under supervision, they can

"Neuropsychopharmacology Unit, Division of Experimental Medicine,
Imperial College London, London, UK
%Queen Margaret University, Edinburgh, UK

Corresponding author:

David J Nutt, Neuropsychopharmacology Unit, Division of Experimental
Medicine, Imperial College London, Burlington-Danes Building,
Hammersmith Hospital, Du Cane Road, London, W12 ONN, UK

Email: d.nutt@imperial.ac.uk

Downloaded from jop.sagepub.com by guest on February 26, 2012


http://jop.sagepub.com/

200

Journal of Psychopharmacology 26(2)

Table 1. Types of treatment medications and other medical interventions for three major drugs of abuse

Medications

Other interventions

Substitution
Methadone
Buprenorphine
Prescribed heroin
Abstinence-promoter
Naltrexone/nalmefene
Substitution
(Sodium oxybate)
(Benzodiazepines)
(Clomethiazole)
(Baclofen)

Aversion

Disulfiram etc

Heroin

Alcohol

Needle exchange

Foil (-> smoking not i.v.)
Citric acid

Filters

Thiamine (B1) and other vitamins
Magnesium

Abstinence promoter — primary clinical effect

Acamprosate
(Baclofen)
(Topiramate)

Drinking regulators — primary clinical effect

Naltrexone

Nalmefene
Substitution
Varenicline

Safer forms of nicotine
Patch/gum/lozenge
Nasal spray

Electric cigarette
Abstinence promoter
Bupropion, Baclofen

Tobacco

The drugs in () means putative mechanism though not yet proven.

also engage patients with treatment providers, which means
that other interventions can be offered that can help sort out
other problems. Patients on substitution therapy are still
dependent on a drug, though albeit one with less harms than
the original one. Often they will be working towards coming
off the substitution treatment over time.

In the case of heroin addiction where methadone and
buprenorphine are used the issue of whether dependence on
the substitution therapy is a problem or a desired outcome of
the treatment is a subject of intense and polarized debate
amongst therapists and even the general public. This debate
occurs despite proof that such drugs have clear value in terms
of reducing the harms of heroin use such as crime, HIV
spread and overdose deaths (Lingford-Hughes et al., 2004).
Heroin when prescribed to reduce street heroin use could also
be considered in this category.

Substitution therapy for alcohol dependence, for example
the use of benzodiazepines or sodium oxybate (GHB), even
when the person is abstinent, is even more controversial. It is
not supported by some guidelines (e.g. NICE, 2011), despite
evidence that they can be effective and not lead to abuse
(Chick and Nutt, 2011).

For tobacco dependence the term ‘substitution’ is not cur-
rently used. This is somewhat illogical, since many effective
harm reduction treatments for smoking use substitute forms
of delivering nicotine, such as patches, gum and lozenges.

Although these were developed as an aid to quit smoking,
in practice many patients stay on these for years, proving
that they are in fact substitution therapy.

Abstinence

Abstinence is the most widely recognised goal for addiction
treatment, and yet can have subtly different meanings. In the
strict sense, abstinence should refer to not taking the sub-
stance of abuse, for example heroin, nor taking substitute
treatments, for example methadone; but for some, abstinence
means no longer taking ‘street drugs’ whilst on substitute
medication. Some therapists and support groups such as
Alcoholics Anonymous have traditionally taken the view
that abstinence must be achieved without the use of any med-
ication. However, use of anti-depressants or anti-psychotics is
now more widely allowed or supported if the person’s mental
health problems are seen as separate from their dependence.
This means that medications which target ‘addiction’, or its
component processes are not allowed, which reflects a narrow
perspective on the treatment of addiction.

However, most authorities now accept that those drugs
which promote abstinence from the drug of abuse are worth-
while since they are likely to reduce drug/alcohol harms. Such
drugs help reduce relapse risk factors such as cravings (e.g.
bupropion for smoking, possibly acamprosate or naltrexone
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for alcoholism) or provide a threat of harm if the drug is
taken, which is called aversion (deterrent) treatment (e.g.
disulfiram for alcoholism) — see the following.

Harm reduction

This is a term that strictly refers to any intervention that
reduces the harms of drug/alcohol use. It includes social mea-
sures such as needle exchange for heroin users as well as med-
icines such as opioid substitution therapy, and in the case of
alcohol will include vitamin Bl supplements. In recent years,
particularly in the UK, the term ‘harm reduction’ has become
used by some to equate to substitution treatment, particularly
that for heroin addiction.

New developments

There are several new approaches available or under investi-
gation and these do not fall easily into current terminology.
For instance, there are alternative but safer nicotine delivery
systems, for example electric cigarettes which deliver nicotine
but not tar and other combustion products or carbon monox-
ide. These are in essence a variant of substitution therapy,
though using a pure preparation of the addictive substance
in a safer way — nicotine is substituted for tobacco. Whether
these are medications or variants of the commodity of tobacco
needs clarifying. Until now the nicotine patch/gum/lozenge
and spray have been considered as treatments (to aid quitting)
but the electric cigarette is being sold as a safer cigarette.

In alcohol dependence the idea of interventions that might
regulate excessive intake is being tested using opioid antago-
nist drugs such as nalmefene. This approach has developed
from findings with another opioid antagonist naltrexone
when used to assist abstinence. It was found instead that nal-
trexone was more effective at preventing a lapse becoming a
full relapse, than in promoting complete abstinence (Résner
et al., 2008). The idea that drugs might reduce the damage
from drinking by helping patients control their drinking
better is relatively new and there is no agreed terminology,
so we discuss this issue below.

Finally, the future promises new interventions such as vac-
cines, which though designed to prevent access of the drug to
the brain may also work through other mechanisms.

Multiple actions

It also needs to be understood that a medication or treatment
may have a different mode of action against different types of
drug/alcohol misuse. For example, naltrexone blocks heroin
use directly but also can modify alcohol intake. Baclofen may
act as an alcohol substitute as well as reducing craving for
stimulants.

Specific drugs and their interventions
Opioids

Substitution. Heroin addiction is a major public health
problem — not least because of the social impact, especially
acquisitive crime, that users engage in to supply their habits.

For this reason methadone was introduced in the 1950s as a
substitution therapy. It provides a significant degree of the
pleasurable (addictive) effects of heroin but has better phar-
macokinetic properties, so can be taken once a day.
Methadone prevents withdrawal, reduces street heroin use
and, because of regular attendance (often daily) to get the
medication, it helps the addict engage with treatment staff
and so experience other treatment interventions as well.
Methadone has been shown to be highly cost-effective and
reduces both heroin-related harms, such as blood-borne
virus spread, and crime.

Buprenorphine is a mu-opioid partial agonist that is safer
in overdose than methadone and with even better pharmaco-
kinetics (it can be given on alternate days). It is taken by the
sublingual route and prevents withdrawal as well as blocking
on top heroin use.

Both methadone and buprenorphine can themselves be
abused, in some cases by i.v. injection which is the most haz-
ardous way of using any drug. With regard to buprenorphine
this risk has been attenuated by putting buprenorphine in a
combination with the opioid antagonist naloxone
(Suboxone). If this combination is injected then precipitated
withdrawal is likely which deters such use (Nutt, 2010).

Abstinence promotion. Currently the medications used are
antagonists, such as naltrexone and nalmefene. When patients
are stabilized on these, then the effects of heroin are blocked
so that its use is pointless. However, ensuring compliance is
difficult except in specialist circumstances, such as when an
individual is under the threat of legal or professional disci-
plinary sanctions if he or she relapses, or if a partner super-
vises daily consumption. To improve compliance, long-acting
formulations such as depots and implants of naltrexone and
nalmefene are now available in some countries.

Many factors such as cravings, conditioned cues and
stress can lead to relapse and in future we can expect to
see drugs developed to protect against these. It is notable
that whilst in alcohol and cocaine dependence a variety of
pharmacological approaches are used — for some of which
there is evidence in opioid dependence (e.g. baclofen) — their
use in the opioid treatment clinic is almost negligible. Given
the number of people affected and amount spent on substi-
tute treatment and harm-minimization strategies, helping
them to achieve and maintain abstinence appropriately is
an important aim.

Alcohol

Substitution. This approach to alcohol addiction is not as
well established as that for opioid or tobacco addiction. In
reducing withdrawal, the use of medications with similar
pharmacology to the pharmacology of alcohol, such as ben-
zodiazepines and clomethiazole, is well established. An exten-
sion of this is their use whilst the person is still taking alcohol,
with the aim of reducing their drinking. However, use of these
medications for this purpose has never been licensed or widely
supported (see NICE, 2011) owing to concerns about depen-
dence on these medications, and concerns about safety if alco-
hol is taken as well.
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Other drugs such as sodium oxybate and baclofen have
some pharmacological similarities to alcohol, since they
target the GABAergic system, and both medications have
been shown not only to reduce withdrawal, but also to
reduce drinking (Leggio et al., 2010). Sodium oxybate has
been licensed for these indications in some European coun-
tries (e.g. Italy, Austria). Like taking heroin on top of meth-
adone, there are risks of drinking alcohol on top of either of
these medications (e.g. excessive sedation). Although these
medications are not currently conceptualized as substitutes,
it seems likely that this is a major factor in their mode of
action. However, they may have other actions that may
help in treatment, for example baclofen when it is used in
nicotine dependence (Franklin et al., 2009).

Acamprosate has some but lesser similarities to alcohol,
being somewhat GABA-ergic and anti-glutamatergic (Mann
et al., 2008). However, it is not perceived as being alcohol-like
or sedative-like and there are no examples of abuse and dose
escalation. The main use of acamprosate is in promoting
abstinence (Boeijinga et al., 2004; Roésner et al., 2008).
Acamprosate alone is not sufficient to manage moderate to
severe alcohol withdrawal; it has been shown to reduce hyper-
glutamergic state during withdrawal and can be initiated
whilst the patient is still drinking.

Some anti-convulsants also share some of the pharmacol-
ogy of alcohol and one, topiramate, has shown promise
in improving abstinence. However, unlike other ‘relapse
prevention’ medication trials which start the medication
in abstinence, topiramate has been started whilst
patients were still drinking but aiming for abstinence
(Johnson et al., 2007).

Abstinence promotion

Aversion. A long-established treatment for alcohol addic-
tion is that of blocking alcohol metabolism with drugs such as
disulfiram (Antabuse) and carbimide (Abstem). These lead to
the accumulation of acetaldehyde when alcohol is drunk,
which is highly unpleasant, producing nausea/vomiting, head-
ache and flushing. These adverse effects are intended to be so
off-putting that they scare alcoholics into not drinking.

Anti-relapse drugs. Until recently the major thrust of alco-
hol dependence treatments have been to promote abstinence.
Whilst most interventions are psychological/social, two drugs
have been licensed in many countries, namely acamprosate
and naltrexone. Both drugs reduce relapse risk but through
different mechanisms. Acamprosate increases abstinence rates
probably by attenuating conditioned responses to alcohol
cues, and also reduces the amount drunk in a lapse (Chick
et al., 2003; Lingford-Hughes et al., 2010). In contrast, nal-
trexone, as well as slightly increasing absolute abstinence
rates, seems to stop a lapse to alcohol use leading to a relapse.
The mechanism underlying this behaviour are still uncertain,
but it may be due to reducing reward from alcohol by mod-
ulating mesolimbic dopaminergic activity or by reducing
impulsivity. Newer medications such as baclofen and topira-
mate might also fit into the ‘anti-relapse’ category, since they
moderate drug liking and motivation and indeed have

potential to treat other addictions, though baclofen may
also have alcohol-like effects.

Harm reduction

Vitamins. A unique form of harm-reduction treatment in
alcohol addiction is that of thiamine, which is used to prevent
neurological damage from vitamin Bl deficiency in chronic
alcohol use (Wernicke’s encephalopathy and subsequent
Korsakoff’s syndrome). It can and indeed should be used
when necessary in patients who are still drinking, and it has
been suggested that it could be added to alcoholic drinks as a
preventative measure.

Drink-requlating agents (drinking regulators). This is a
newer innovation to reduce harmful levels of drinking
which involves the use of drugs that reduce the amount of
alcohol drunk in a single drinking session, and possibly the
number of drinking sessions. Many people with alcohol
dependence find that sometimes they can control their
intake and have just a couple of drinks. Whereas at other
times, even though they set out with the intention of only
having a couple of drinks, they lose control once they have
had the first drink and then take much more than they wanted
to. Often this is in the form of a binge or ‘bender’.

The feasibility of interfering with this destructive pattern
of drinking came from studies with the opioid antagonist nal-
trexone, when it was being used as part of a relapse preven-
tion abstinence programme (O’Malley et al., 1992; Volpicelli
et al., 1992). Compared with placebo treatment groups the
naltrexone ones had a lower level of drinking. More fine-
grained analysis revealed that this was because the naltrex-
one-treated patients showed a reduced likelihood of a lapse to
drinking (a couple of drinks) leading to a full relapse to
dependent drinking.

The mechanism seems to be that an important initial
action of alcohol is to release endorphins which then drive
the dependence-prone person to drink more and more — so
called loss-of-control drinking. Naltrexone blocks the endor-
phin effects and so lessens the risk of drinking leading to
relapse. In this way naltrexone leads to a lower, more regu-
lated level of drinking with fewer binges/benders.

More recently it has been shown in patients attempting
abstinence that naltrexone taken in a targeted (as required)
fashion, that is only on those days when the patient felt at risk
of drinking, resulted in greater reductions in drinking than
when it was taken each day (Kranzler et al., 2009).

Currently another opioid receptor antagonist, namely
nalmefene, is being studied for alcohol dependence in
patients who are trying to reduce their drinking rather
than to be totally abstinent. The drug is taken on the days
they feel they are at risk of drinking excessively and does
reduce the amount drunk (Karhuvaara et al., 2007). It is
therefore an alternative strategy to abstinence-promotion
and targets a group of alcohol-dependent patients who
often are not interested in abstinence but want more control
over their drinking. However, nalmefene could also be used
like naltrexone in patients in abstinence to reduce relapse
risk.
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It is important to note that the terminology for this new
class of alcohol intervention is not yet agreed; as well as
‘drinking-regulating agents’, the term we have used, other
terms have been suggested. These include: drinking-
restrictors, drinking-control agents, anti-bingeing agents,
and self-control drugs. Although the exact mode of action
is not understood, many of the medications with potential
have a shared mechanism of action of reducing mesolimbic
dopamine neuronal firing through their receptors — for exam-
ple CBI1, nicotinic, mu-opioid — inhibiting the GABA inter-
neuron. In addition opioid antagonists may also increase
frontal cortical function to improve self-regulation of behav-
iour, which is consistent with its efficacy in treating patholog-
ical gambling and other impulse control disorders (Grant
et al., 2008).

Tobacco

Substitution. This has been the mainstay of treatment for
many years by way of alternative forms of nicotine such as
patches, lozenges, gum and, more recently, nasal sprays.
Although they were ostensibly developed to provide a
means of withdrawing from cigarettes, many smokers con-
tinue to use them for many years, in which case they are
substitution treatments.

The nicotine receptor partial agonist varenicline has
recently come to be used in the same way. It substitutes for
smoking, stops withdrawal and the urge to smoke, so pro-
motes a less harmful form of behaviour. Varenicline is also
being tested with other addictions, and should it be found to
work in these then it would have to be viewed as an absti-
nence promoting agent rather than a substitution treatment
(Crunelle et al., 2010).

The electric cigarette is currently becoming quite popular
in some countries including the UK. It is promoted on the
grounds that it is free of combustion products and carbon
monoxide so is presumed (reasonably) to be safer than ordi-
nary cigarettes and can be smoked indoors in public places.
Whether it should be viewed as a substitution treatment is a
matter of discussion, but currently it is sold as a non-phar-
maceutical product, like cigarettes.

Abstinence promotion. The only licensed drug currently in
this class is bupropion (Zyban), an anti-depressant that was
found to reduce smoking as well as lift mood. It appears to
reduce cravings in nicotine withdrawal, so assisting absti-
nence. Vaccines against nicotine are in clinical trials and
show a reduction of smoking when adequate antibody titres
are achieved. How they work is still not certain, for although
they were developed to prevent access of nicotine to the brain
it seems that other factors may also be important, such as the
prevention of sudden nicotine withdrawal as the vaccine pro-
vides a long-acting supply of nicotine in the blood. Baclofen
may also have utility here (Franklin et al., 2009).

Other drugs

As yet there are no proven pharmacological treatments for
other drugs of addiction. Many medications have been tested

for cocaine/crack dependence without robust success. These
include medications to block the access of cocaine to its active
sites in the brain (including vaccines) and those to reduce
craving, for example, modafinil. As cocaine acts to release
dopamine which then leads to depletion, approaches that
increase dopamine levels are being tried. These include dopa-
mine-h-hydroxylase inhibitors that reduce conversion of
dopamine. Similar approaches are being used for metamfeta-
mine addiction.

Cannabis dependence is now a recognized problem with-
out proven pharmacological treatment. The emergence of
antagonists to the central CB1 receptor, such as rimonabant,
offered hope. Sadly, the removal of these from the market,
after their efficacy/safety ratio in weight control was found
wanting, has set this field back. Currently there is interest in
pharmacotherapy to ameliorate withdrawal; potential treat-
ments include synthetic tetrahydrocannabinol (Marinol) and
cannabis spray (Sativex).

There is scope for long-acting forms of benzodiazepine
receptor antagonists (e.g. depot flumazenil) in preventing ben-
zodiazepine abuse. A new idea in harm reduction for steroid
users is also under evaluation in the form of the product
Roid, which it is claimed reduces the aggression seen with
this class of drugs.

Conclusions

Alcohol/drug dependence and addiction are huge medical as
well as social problems for the treatment of which new med-
ications could be helpful. A better understanding of the
modes of actions and targets for current treatments is
required with clarity about exactly what patient groups or
symptom stages they work on. This editorial attempts to pro-
vide this as well as providing an underpinning structure to the
terminology in the treatment field.
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