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Treating Heroin Addicts, i.e. “ Breaking through a Wall of
Pregudices’

lcro Maremmani

Summary

The medical, psychiatric, psychological and social manifestations of heroin
addiction require more than an integrated intervention. To effectively treat
addiction, rehabilitation and/or preventionisnecessary but wemust alsotreat the
patients according to the phase of ilIness. In other words, it is often necessary to
adapt the intervention to the clinical phase of illness, by trying to raise the
programme “retention rate”. Thiscondition isindispensablein therehabilitative
process. The nature of drug addiction will often make it necessary for patientsto
be contacted in the street, so that they can benefit from counselling and “harm
reduction”. Finally, primary or secondary prevention cannot be separated froma
global intervention philosophy.

Key words: Different level of intervention - Prevention - Harm
Reduction - Diagnosis and Treatment of Associated Pathologies
- Specific Treatments - Rehabilitation and Social Integration -
Prevention and Treatment of Relapse

Given the complex nature of heroin dependence, there is no one method that is
completely effective in the treatment of this pathology. Drug addiction varies in
intensity, and drug addi ctsare aheterogeneousgroup in termsof personal resourcesand
coping ability.

The clinician’s priority is to respond appropriately to each individual patient, by
personalizing therapeutic planning (including different types of interventions) in an
effort to improve the single drug addict’ s functioning. Treatment should be adapted to
the patient’ s changing needs, so providing long-term continuity.

Presently, almost all researchers in the field of drug addiction agree that the
“retention rate” isafundamental requisite for the successful outcome of any program
(2). Thisisobviousif oneconsidersthe official definition of drug addiction asachronic

Address for reprints: Icro Maremmani, MD; Department of Psychiatry, Neurobiology,
Pharmacology and Biotechnologies - University of Pisa, ViaRoma 67 - 56100 Pisa - Italy
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illnessinvolving relapses. Thustherapeutic planning must be adapted to the patient and
not vice versa.

If, as systematic observations reveal, many drug addicts stay addicted over along
period, somefor therest of their lives, attemptsto treat thislarge group of subjects must
not be abandoned. Priority should be given to long-term treatment by giving the drug
addict the chanceto gradually recuperate hisor her bio-psycho-social functioning. This
could be defined asclinical improvement, evenif “restitutio ad integrum” hasnot been
achieved. Itisthemain goal of adequate pharmacotherapy and psychosocial treatment
(12).

Achievingthislimited goal may bethebest possibleresult for some, whilefor others
it may open the door to being ableto function well, in an opioid-free state, over thelong
term. In both cases, however, these subjects have a right to a normal life, persona
gratification, social respectability, and physical and mental well-being (7).

The second step in therapeutic planning is monitoring patients during and after
treatment in order to prevent and treat the inevitable relapses. Relapses are defined as
“expected” in the therapeutic alliance. They should become predictable to both the
clinician and the patient. Both must be ready to face a relapse with al available
resources, in order to recover or exceed the prior level of functioning. When arelapse
occurs, it should beseen aspart of anormal process, not afailure, and thetreatment plane
should be altered in away which islikely to restore patientsto the pre-relapse level of
function. Withdrawal of agonist medication or discharge from treatment never
accomplishes restabilization. These are destructive responses to substance abuse in a
patient.

It is important that staff acquire a global view of the various types of treatment
available. This view should comprise the probable outcome, length of time required,
cogt, indications and contraindications, as well as an understanding of when, for a
particular patient, crossover to another modality would lead to optimal therapeutic
results.

Whilecomprehensivetreatment programsattempt to deal withmany of theproblems
associated with addiction, we feel that Therapeutic Community re-educational
programmes (TCps), when based on segregation and accusation, must not be utilized.
Examples of this kind of treatment were common in Italy and in other European
countriesinthe 1970'sand 1980's, when the stigma experienced by heroin addictswas
severe and treatment with opioid agonists was strictly regulated but not accepted by
politicians. There-educational programmesonwhichmost of Italian TCpsarebased are
highly selective, and have proved to bebeneficia to only avery small number of addicts,
when pharmacological support isdenied. My personal experience allowed meto note
the cognitive disorganization of patients who followed TCps; this tended to reinforce
guilt and convey the idea that drug addiction is an acquired vice caused by deviant
behaviour. In this way patients found themselves defenseless and unprepared for
relapses, which they interpreted asbeing an explicit sign that they could never recover.
In these programmes the refusal of the biological basis of addiction or the withdrawal
of family counselingisavery harsh measure; it often meanscutting tieswith the patient,
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whoisdescribed as*lacking in will and motivation”. For heroin addicts, “ reaching the
bottom”, the most famous slogan of some Italian TCs (CEIS group), very often meant
dying of an overdose, contracting AIDS, or the refusal of all types of treatment (9).

Comprehensivetreatments need anew philosophy of intervention. Staff must know
the various levels of the treatment programme, and the policies adopted at different
levels must not be contradictory.

Our theory of comprehensive treatment includes different levels of intervention, as
follows:

Level O: prevention. Level 1: harm reduction. Level 2: diagnosis and treatment of
associated diseases. Level 3: specific treatments. Level 4: rehabilitation and socia
integration. Level 5: prevention and treatment of relapses. These levels can be
implemented individually or ingroupsin acoordinated manner, depending onthe needs
and willingness of the patient.

LEVEL 0O (Prevention)

Currently, no effective primary prevention model isoperative. Educational models
based on particular cultural backgrounds are rarely acceptable to al.

Although drug dependence may have its roots in societal organization, or in
consumerism, educational model sal oneare not effective preventive measures, and may
causediametrically oppositeresultsinsocia groupswithdifferent cultural backgrounds.
Research has not yet identified specific educational impairments or temperamental
types associated with drug addiction. A large number of subjects begin using drugs
recreationally or to facilitate socialization without knowledge of the real risks or
consequences of drug abuse.

Asaprimary prevention model, we suggest a public health education programme,
on the various psychoactive substances that are targeted during abuse, and the effects
and conseguences of use and abuse. This programme should be free from ideological
and moralisticinterpretations, which often do no morethan leave an attractivemythical
or mysterious image (13, 14).

Health education constitutes a valid primary prevention policy, but secondary
prevention (harm reduction, therapy, prevention and treatment of relapses) should not
be overlooked.

Research indicates that the spread of heroin use is correlated with precise market
interestswhich arekept alivein certain well-defined conditions such asclandestineness,
which implies high cost, consumer-pusher phenomena and the unavailability of any
effective therapy. Within this framework, the depenalization of drug use, and the
treatment of drug addictsare essential preconditionsfor the elimination of thisproblem

(L.7).

LEVEL | (Harm Reduction)
The aims of level 1 may be summarized as follows:

a) reduce the socia and the medical consequences related to addiction, such as:
criminal activity, spread of AIDS, consumer-pusher phenomena, the clandestine
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nature of the market partly responsiblefor the high numbersof heroin users, and the

high level of risk for the genera population.

b) protect heroin addicts from syringe-related pathologies (HIV, hepatitis, vascular
damage, endocarditis, overdose, etc.) and from withdrawal syndrome; this will be
an advantage for the patient, and will reduce social costs.

¢) more accessible public health services for the heroin addict population (11).
Establishing thefirst contact between medical staff and addicts means (1) reaching
alarger number of subjects; and (2) offering accurateinformation about physical and
mental well-being and therapeutic prospects. These measures have not yet been
implemented, especially in Italy and most other parts of Europe.

d) thepossibility of anearly diagnosis; thisaimiscurrently unattainable because drug
addictslivein clandestineness. The patient usually seeks help when the situationiis
no longer bearable, and the course of addiction is far advanced.

Suitable interventions at level 1 include:

a) expansion of agonist substitution therapy programmesbased on methadoneor other
substitutive compounds (LAAM, Buprenorphine). The Swiss experiments with
heroin do not provide conclusive evidence. They did not have agood control group,
and the heroin patients received much more psychosocia treatment than the
methadone patients. Also, the heroin clinicswere much more expensiveto run than
methadone programmes, and it is unclear how heroin clinics fit into the overall
framework of treatment programmes.

b) free distribution of disposable syringes.

¢) instructions on the self-administration of medications.

d) information about first aid in the case of an overdose or awithdrawal syndrome.

€) information about the risks and consequences of the continued use of illegal drugs,
and about types of treatment and rehabilitation.

f) health education of HIV subjects
The operative phase of level 1 would be carried out by volunteers and specialized

workersin* street units’. Family physiciansaswell asambulance paramedical personnel

should also beinvolved. Inthisway atight network of contacts between health services
and drug addicts is assured, while access to health servicesis facilitated.

The effectiveness of a pragmatic approach has been convincingly demonstrated in
the experience of countries such as England and Holland, which have succeeded in
limiting the spread of heroin addiction (e.g. in 1991 inthe United Kingdom 8,000 heroin
addicts were officialy registered, the spread of AIDS was limited and restricted to
subjectsat risk, mainly homosexuals). During thesameperiodin Italy, dueto moralistic
and repressive attitudes, there were more than 320,000 heroin addicts, 1,200 deaths by
overdose, and a high incidence of HIV; 70% of heroin addicts were seropositive.

Thedrawback of thisfirstlevel isthat itisnot an actual form of treatment, soit cannot
hel p patients recuperate bio-psycho-social functioning. In order to achievethisgoa we
must pass to the next level of our programme, which includes services and personnel
with better qualifications.



I. Maremmani: Treating Heroin Addicts, i.e. “ Breaking through a Wall of rejudices"

LEVEL 2 (diagnosisand treatment of associated pathologies)

Thislevel marksthe beginning of specific treatment for drug addiction. The patient
isexamined by amedical specialist and other professional staff in order to decide on a
diagnosis and devise a therapeutic plan appropriate for that subject. The scientific
literature shows broad agreement in defining heroin addiction as an illness, and
experience shows that it is the patient’s degree of impairment, together with other
factors, that determine if a particular intervention will work or not at that time. The
principal task of specialized staff at this stage is to define a diagnosis and identify
potential resources (personal attributes, family membersor social skills), that may help
in rehabilitating the patient. Thiswill be possibleif interviewing techniques reactivate
two-way communication, in so allowing the needs of the patient to be identified, and
concrete proposalsto be formulated. Specia attention should be given to unsuccessful
attempts, which are often indicative of errors in the interventions proposed or in the
monitoring of the patient.

This level requires more qualified personnel and specialized services than are
currently available. Specialized centresfor the diagnosisand treatment of addiction are
needed. These centres should be equipped to carry out research, in collaboration with
Ph. D. Research Programmes in Drug Addiction, and specialized personnel must be
educated and trained.

Once a diagnosis has been made, the patient undergoes the appropriate form of
therapy . Theinitia choicesshouldnot berestrictiveor rigid but openandinterchangeable
with other treatment modalities. Staff will only be ableto verify the choicesmadeif the
patient acquires and staysin afunctional state.

At the same time associated pathologies and psychiatric disorders should be
diagnosed and treated (4, 8).

LEVEL 3 (specific treatments)

Thislevel includes therapeutic and rehabilitative intervention after the patient has
undergone clinical assessment. Generally, patients may be divided into two groups:
a) thosewho do not require opioid agonists.

b) those who require long-term opioid agonist therapy (Methadone Maintenance;

LAAM Maintenance; Buprenorphine-Naloxone Maintenance)

A. Patients who do not require opioid agonists

The patientsincluded in thefirst group should satisfy the following requisites: they
should meet DSM-1V or ICD-10 criteriafor asubstance use disorder; they should have
alow level of craving, good socia adjustment, and good family support, with the
availability of areferring family member; these subjects are reliable, and have good
interpersonal relationships with staff (3).

Itisimportant to stressthat methodsbased ona* drug-freestate” arehighly selective,
and areapplicabletoavery small number of patients(5, 6, 10); someantisocial and very
resistant addicts, however, make good progress in these programmes, while not
responding to anything else. Understandably, caution is needed before detoxifying
patients, and there is also a need for attention in checking behaviour at risk, and
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immediately admitting the patient to an agonist treatment programme if difficulties
arise.

1.

2.

3.

B.

Methods for achieving a drug-free state may be defined as follows:

Abstinence is controlled by psychotherapeutic support, with or without opioid
antagonists.

Self-hel pgroupswhichencouragesocial reintegration during treatment. Antagonists
may also be used in this case.

Wepropose TCpscomprising greater flexibility and researchin sel ecting participants,
as compared with the rigorous ones that currently dominate the scene. NIDA is
supporting studies on more “flexible” TCps (those that use medications and treat
dual diagnosis patients).

Patients who require opioid agonist long-term therapy

This group includes the large majority of drug addictswho seek help. They do not

meet requisites for “drug-free” programmes, which would be detrimental for these
subjects.

The first task staff must face is that of redefining the patient’s expectations by

suggesting the form of long-term treatment that promisesto be the safest and the most
successful.

One should aim to set up services that are able to support and be integrated with a

long-term agonist therapy.

1.

Basic counselling. Many patientson methadoneor other substitutive therapieswho
have obtai ned metabolic stabilization experienceareturn to normality; they become
socialy reintegrated, especialy if they have personal resources, with help from
family members (home, work, hobbies, etc). For these patients therapeutic success
may be attained through specific information and treatment counselling.
Treatment of psychiatric disorders with psychotherapy and/or pharmacotherapy,
along with drug counselling for patients with psychiatric disorders.

Self-help groups could provide solid support for subjects who lack rehabilitative
resources. Greater attention should now be focused on these groups, because they
cost little, and have been shown to be effective in other areas (alcohol abuse,
psychiatric pathologies, etc.), while many subjects can be treated simultaneously.
Residential Communities. These communities would help expecially very young
patients or subjects who need specialized social structures in addition to
pharmacotherapy; these comprise drug addicts with serious psychiatric disorders,
and those who find themselves jobless and homel ess.

In concluding we would like to stress the following:

. The therapeutic communities would be linked to social agencies and other health

services. They would no longer be reclusive structures that isol ate the patient from
hisor her family, or cut social ties. They must not create an artificial worldinwhich
recovery isobtained but quickly lost when the patient isreleased. Contrary to what
happensin Italy, inthe US many TCswork very hard to integrate patients back into
the real world prior to discharge. It isimportant to have atransition phase, so asto
help patients overcome the problems associated with the artificial environment.
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2. Theprimacy of “drug-free” programmes should be abolished. Recovery cannot be
strictly associated with a“ drug-free” state; it should berelated to psychological and
social functioning.

LEVEL 4 (rehabilitation and social integration)

Thislevel foreseesthe complete rehabilitation of drug addicts, independently of the
kinds of treatment mode being used. The achievement of this goal varies (in terms of
mode and length of treatment), according to the needsand the severity of illnessof each
individual. Theformsof interventionwhich allow the patient to achievethisstatusmay,
for example, comprise: getting a job, the return to family life; the use of methadone,
LAAM, and buprenorphine detoxication.

Wewould like to focus on the needs of patients who cannot be deprived of agonist
therapy dueto biological determinants. A substantial part of the drug addict popul ation
— who havegood social and psychological adjustment —require agonist therapy, but not
social support services. Weconsi der these pati entsto be capabl eof compl eterecuperation,
and feel that they should be alowed to manage their pharmacotherapy in the way
diabeticsdo. For these subjects agonist availability should be convenient, and interfere
aslittle as possible with daily life, work or leisure time. The patient could be entrusted
with dosages that cover a longer period of time; family doctors would be able to
prescribe methadone or other substitutive compounds. Any community health service
could dispense methadone or other substitutive compounds under certification, so asto
help the patient. On the international level contacts could be set up between the health
servicesof different countries, so permittingthepatient totravel freely. Theorganization
of ahealth service network would be an advantage for the patient, who would not need
to travel great distances to reach specialized centres. At the same time these centres
would not be overloaded with work such as dispensing methadone or other substitutive
compounds to patients who have been rehabilitated, so reducing social costs.

LEVEL 5 (prevention and treatment of relapses)

Given the definition of heroin dependence asachronicillnessinvolving rel apses, it
islogical to emphasize the role of prevention and therapy for relapses. This requires
therapeutic modalities that help to restore the skills and functional level previously
achieved by the patient. Thus patients would be rapidly readmitted to methadone or
other substitutivetherapies(thisisobligatory withrecurrences), inorder to prevent harm
to the patient i.e. a return to street life. Treatment would be simplified in these
programmes, as these patients have been rehabilitated in the past. In order to accelerate
readmission to any health service, the patient would be provided with documentation
containing clinical chart data.

In conclusion, we have attempted to outline a rather complex strategy for the
treatment of heroin addiction, onthegroundsthat it hasascientific and pragmatic basis.
Obstacles to the realization of this project are political interference and cultural
prejudices. It may be hoped that education of the public will help to correct current
misconceptions about the problem of drug dependence.
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Heroin Addiction asa Normal IlIness

Alessandro Tagliamonte

Summary

History teaches us how difficult it isto challenge some axiomsthat are rooted in
common culture, even when they are not supported by scientifically indisputable
evidence. Thetwo most famousexamplesof controversial scientific novelty were
the Copernican theory and the theory of evolution. Do anal ogous mechanisms
underlie the refusal of behaviour disorder, i.e. psychiatric disease or drug
addiction, asabiological phenomenon?Man, itissaid, wascreated by Godin his
ownimage and likeness, and God gave him asoul; according to thisview, it must
be the soul that is responsible for his behaviour. With increasing precision,
modern psychobiol ogy issucceedingin correl ating specific aspectsof animal and
human behaviour with definitebrain areas, and with the neurotransmittersthat are
located in them. Various behaviours have a clear genetic basis, but particular
genestakepartinorganizing eachbehaviour; similarly, variousneurotransmitters
in specific brain areasinteract, so causing agiven form of behaviour. Psychiatric
disturbances, including drug addi ction, areleaving thelimbo of approximation or
even of utopianism, to enter into the scientific dimension of medical empiricism.

Key words. Heroin Addiction - Psychiatry - Drug Addiction
Psychobiology

In 1991 the University of Cagliari conferred an honorary degree on Prof. Vincent
Dole for his scientific merits. On that occasion, a reporter from the local daily paper
interviewed him, and | was the trandator. The reporter was evidently puzzled when
confronted by the clarity of Prof. Dole's argumentations and by the simplicity with
which the indisputable statistical data on the effectiveness of methadone in treating
chronic heroin addiction were presented (1- 4). At acertain point he could not refrain
fromasking anemotional but provocativequestion: “Well then, why arethemassmedia,
politicians, public opinion, and even many physicians so decidedly against the use of
methadone?’ Dole looked at him with a gentle smile, then looked away, and, almost
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disconsolately, answered: “| have been asking myself that question for 25 years, but |
haven't yet found an answer.”

Methadone wasfirst used almost by chance, asasubstitutefor morphine, in chronic
heroin addicts, who wereadmitted to clinics. Itseffectivenessin controlling withdrawal
symptoms over long periods, and in bringing stability to the patient’s mood was
immediately evident to the earliest observers. It isthereforelogical that they continue
to wonder why what has been evident to them for over 30 yearsis till refused even by
those who have the social position and the institutional duty to provide medical
assistance.

The easiest explanation must befound in the fear of novelty, which affects both the
individual, and, especially, larger groups of people, who, taken together, help to form
opinion. History teaches us how difficult isto challange some axiomsthat arerooted in
common culture, evenif not supported by scientifically undeniable evidences; | am not
referring to religious principles or acts of faith, for which objective evidence is not
required.

The two most famous examples of controversial scientific novelty were the
Copernican theory and the theory of evolution. Firstly, man had been told that helived
at the centre of the universe, and that everything, including the sun, revolved round the
world heinhabited. Secondly, it has been stated that he was created by God asthe last
of the living creatures, after plants and animals, in his own image and likeness. But a
scientist appeared who claimed that the Earth not only isnot the centre of the universe,
but asmall planet revolvinground thesun. Finally, afew centurieslater, CharlesDarwin
stated that man was not created as such, but istheresult of anatural process of evolution
which, through simpleorgani smsand thechanceappearanceinthem of new transmissible
characters, passed through the stages of reptile, bird, mammal, up to the primates; so,
from now on he should consider himself a well-developed form of monkey (5).

Thetwo axioms, which were called into question by the new discoveries, continued
to be supported by religions, which considered them as principles of faith and had
enfatically proclaimed theminthe Holy Writingsastruth revealed by agod. According
to them, acceptance of the new truths, even if scientifically demonstrated, could be
considered asin or heresy.

Do anal ogousmechanismsunderlietherefusal of behaviour disorder, i.e. psychiatric
disease, as a biologica phenomenon? The dynamics leading to that refusal are
analogous: on one hand a minority of operators, who set up a methodology based on
experimental findings and who utilize that methodology to improve the quality of the
life of psychiatric patients; on the other, public opinion which is opposed to that
methodol ogy and to thosewho useit, considering specialiststo be greedy, inscrupulous
individuals, and including in its criticism patients who have clearly benefited from the
new treatments.

What axiom, then, is undermined by the use of methadone or EK'S or imipramine?
Man, it is said, was created by God in his own image and likeness, and God gave him
asoul: it must therefore be the soul that isresponsible for his behaviour. Trasgressive
behaviour leadsto the loss of the soul and to the punishment of the sinner, who should
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makeadecisionto choosetheright path. Suchreasoningmay bevalidinanethical vision
of society when it isapplied to sane people, if they arewilling to accept it. But it hasno
meaning when applied to people who are not sane, and who suffer from a psychiatric
disease(that isadisease of themind, meant asan organthat ispart of thecentral nervous
system).

To overcome the obstacle of psychiatric disease, various methods have been tried,
ranging from accusations of witchery and possession by evil spirits, to theintervention
of exorcists who are able supposedly to defeat devilry. These methods were followed
by theories based on the ancient observation that experiences modify behaviour.
Starting from this principle, which is included in the definition of memory, some
misrepresentationsweremade, and thoughit wasdifficult toidentify thesinglenegative
experiencesresponsiblefor apathol ogical modification of behaviour, theimportance of
forgotten events began to be evoked; this led to the concept of the “repression” of
forgotten events as an etiopathogenetic factor in the induced disorder.

The belief that the psychiatric disorder could be cured by a return to its origins,
through a heightened consciousness of the causal traumatic event, represented a
wonderful invention, which wastaken up by unforgettable novelsand films; but it also
strengthened the illusion and superstition that mental disease has external causesonly,
and that it can only be eradicated by means of processes of refined exorcism (6, 7).

Inreality, psychiatric disease hasabiological basis, whether genetic or acquired as
aresult of aphysical or emotional trauma, an infectious disease, or asubstancetoxicto
the central nervous system. One the psychiatric disorder has become stable, it is hot
necessarily useful to go back toits cause, which is often insignificant ; returning to that
cause may even be harmful. With increasing precision, modern psychobiology is
succeeding in correl ating specific aspects of animal and human behaviour with definite
brain areas, and with the neurotransmittersthat arelocated in them. Various behaviours
have a clear genetic basis, but particular genes take part in organizing each behaviour;
similarly, various neurotransmittersin specific brain areasinteract, so causing agiven
formof behaviour. A small dysfunctioninthestructure, suchasasingleneurotransmitter
alteration, may, theoretically, also modify theregul ar pattern of abehaviour,inthesense
of aset of responsesto acertain kind of stimulus. Thus, we should not be surprised if
a medication, by strengthening or decreasing the response to serotonine, is able to
restore a psychiatric patient to his or her normal reactivity. Psychiatric disturbance are
leaving the limbo of approximation, or even of utopianism, to enter into the scientific
dimension of medical empiricism. The cultural shift is asimportant as that caused by
Galileo. Insomeschoolsi thenorthern states of the USA itisstill forbidden to teach the
theory of evolution, sowe should not be surprised at theresi stance encountered by these
new ideas on brain functions, considering their ethical and political implications.

Some generations will be needed, and then the heroin addict will be free of
restrictions in receiving the most suitable medication from his or her physician, and
everybody will accept this intervention as naturally as in the case of a patient taking
tablets for hypertension.
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M ethadone M aintenance. Comes of Age

Vincent P. Dole

Summary

Methadone maintenance treatment in the United States is reaching maturity.
During the past three decades it has progressed from an innocent childhood,
throughaturbul ent adol escence, torecognition asan essential medical procedure.
At present approximately 115,000 former heroin addictsin the United Statesare
being treated in 750 clinics located in 40 of the 50 states. The treatment has
survived challengeby professional sceptics, by ideologically hostileagencies, by
competitive modalities, and even by well-intentioned clinicians in methadone
programmes who have prescribed inadequate doses of the medication.

K ey words. Methadone Maintenance

Thesimplefactisthat it works. When givento aheroin addict oncedaily in adequate
dose, methadoneaboli shesthecompul sivenarcoti chunger of addi ctswithout producing
euphoria. The transformation of apparently hopeless narcotic users into normally
functioning individuals seemed miraculous to the original research team — Marie
Nyswander, Mary JeanneK reek and me—threedecadesago. How couldtheadministration
of a narcotic medicine normalize persons whose dependence on narcotics had been
characterized by psychiatrists asimmature, degenerate, sociopathic, etc?

Thephenomenon obviously demanded verificationand further study under different
conditions to determine its potential as a large-scale treatment. A talented group of
clinicians, nurses, administrators, ex-addicts, vocational specialists, epidemiologists
and lawyersjoined usin studying the question. Thelist of personswho participatedin
the work during the first decade istoo long for proper acknowledgement here, but the
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critically importantinvolvement of personscl osest totheearly work must bementioned:
Drs. Joyce Lowinson, Ray Trussell, Robert Newman, Lars Gunne, Robert Millman,
Elizabeth Khuri (physicians); MauriceBachrach (administrator); LeoVono (vocational
specidist); Frances Gearing, Herman Joseph (epidemiol ogists); Donal O’ Brien, Manny
Guerrero (lawyers); and ateam of ex-addictswho must remain anonymous. Systematic
studies were initiated with financial support from New Y ork City’s Health Research
Council and Department of Hospitals with endorsement by civic leaders.

The work moved forward rapidly. Over the next ten years treatment programmes
utilizing methadone were established in Beth Israel Medical Center and Bronx State
Hospital, with other major hospitals of New Y ork City serving as administrative and
medical backup centres supporting a network of satellite clinics that served all of the
city’s boroughs. Physica examinations on admission and periodicaly theresfter
defined the medical needs of all patients, and were established asaroutineto detect any
ill effects of the medication. None were found. A comprehensive, computerized data
system was devel oped to record the progress and problems of every person admitted,
with repeated analyses of urine for drugs to provide objective data on response to
treatment. An independently appointed evaluation committee was empowered to
inspect records, interview patients and publish independent reports, subject only tothe
requirement that the names of the patientsbekept confidential . Professionalsinthefield
of drug abuse were welcomed as visitors to the clinics, and a series of National
Conferences on Methadone Treatment was inaugurated in 1968 to provide aforum for
reporting experience in other cities.

Thefirst decade culminatedintheadmission (during 1970-74) of over 20,000 heroin
addictsinto adiversified system of clinicsin many hospitalsof New Y ork City, directed
by Robert Newman and supported by the city’s Health Services Administration. The
public health impact of this major programme was reflected in statistics showing a
significant reductionin arrestsfor drug related crimes and areduction in reported cases
of hepatitis (presumably due to a decrease in intravenous drug abuse).

Thus by the end of the first decade, after the small experimental beginningsin a
metabolic ward, a successful model for large-scale treatment of heroin addictswasin
place. Maintenance treatment had been proven to be medicaly safe, feasible to
administer on a large scale and generally successful in rehabilitation of addicts.
Needlessto say, throughout this period the treatment had been under continuous attack
by supporters of the old regime — the lockup and punish school of therapists — and by
bureaucrats whose authority was threatened by the new programme. Complicating
matters, the State of New Y ork at the same time was funding a hugely expensive and
unsuccessful lockup programme that had been advertized in political campaigns as a
definitive answer to the addiction problem.

Oppositionfromvested interestsdid not bl ock progressin devel oping themethadone
programme (in fact it contributed to the unity of the staff), but we were surprised by the
indifferenceof themedical professionandthefailureof publichealth officialstoprovide
strong support for expansion of atreatment that had proven successful. In the second
decade, instead of expansion, the objectives of treatment were reversed by Federal
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agencies and the authority of physicianswaslimited by these agencies on political and
philosophical grounds: abstinence rather than rehabilitation was restored asthe goal of
treatment; doseswerelowered to level sthat werefrequently inadequate; administrators
became punitive and often contemptuous of the patients (now called “clients’);
termination of maintenance was encouraged despite an 80% relapse rate. The punitive
attitudeof moralistshardenedintoregulatory law, subjecting clinicsto anunprecedented
degree of control over every detail of their operation. In New Y ork, in 1976 at the peak
of thisfolly, asurvey reveal ed that methadone clinics were subject to regulation by 11
uncoordinated agencies of Federal, State, City and Community, and that a physician
working intheclinic would need to spend 185% of histimein paperwork to providethe
redundant reports and documentation required by these different agencies.

The quality of treatment deteriorated during this period. Underfunded, crowded,
operating in poor quarters, prevented from moving to more adequatefacilitiesby hostile
communities, harassed by teams of inspectorswho criticized their deficiencieswithout
providing money or political support for improvement, with anegative image fuelled
by disinformation in the media, the methadone clinics neverthel ess survived, thanksto
the dedication of their overworked staffs. While under this pressure methadone clinics
were providing more than 90% of all the long-term rehabilitation services available to
heroin addictsin New Y ork City.

Thisturbulent phase hasnot ended, but thethird decade brought achangein political
attitude. Theonset of the AIDSepidemicinthelate 1970salerted public health officials
to the fact that needle-sharing addicts are amajor vector in transmission of the deadly
virus (as well as other blood-borne infections), and that AIDS patients, with impaired
immunity, constituteal arge susceptiblepopul ationintowhi ch drug-resistant tubercul osis
is spreading.

Even the opponents of maintenance treatment have been obliged to concede that no
alternative treatment has sufficient capacity and proven efficacy to play a significant
rolein curbing transmission of the virus by addicts. Today thereisanew generation of
clinicians with knowledge of recent developments in neurophysiology. Younger
physicians with more training in neurophysiology are prepared to recognize drug
cravingasasymptomof aneurochemical imbal ance, and thereforeto accept maintenance
treatment asrational chemotherapy. Thefield of addiction medicine hasemerged from
therigid dogmaof descriptivepsychiatry (“ character defect”, “ sociopathic personality”,
etc.) into the modern world of neurophysiology. Methadone maintenanceis part of this
new field — indeed it might qualify as one of the founding members — but itsrole is
transitional. Intime, withenough effort and luck, theneurochemical disordersresponsible
for the pathological craving will be identified, and other medications for treatment of
addictions will be developed that are simpler to use, and perhaps even curative.

We enter the fourth decade of maintenance treatment with new and difficult
challenges but with more knowledge. The explosive spread of AIDS—adisease so far
without effectiveimmunization or treatment —hasamplified the problem of drug abuse,
and made effective treatment of addicts a critical priority. Needle-using addicts have
become athreat to the health of the general population, first spreading infection among
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themsel vesand subsequently to othersby sexual activity and contamination of theblood
supply. In effect, addiction makes AIDS a highly contagious disease.

The challenge for the immediate future is to make effective use of what we have
learned about addictionsin the past few decades. Of course, it would be easier if we had
avaccine or other medication that would eliminate the susceptibility of all potential
addicts — not an impossible hope since only a minority of person become chronically
addicted to narcotics or alcohol when exposed — and a definitive cure for established
addiction is a dream worth pursuing, but as a practical matter we are confronted at
present with serious public health problems requiring immediate responses. A person
withresponsihility for health of acommunity must work withthetool sthat areavailable.

They areconsiderable. If thelessons of the past arelearned, large-scal e programmes
providing adequate doses of methadone, and social support as needed can rehabilitate
heroin addicts. They do not need to be coercive since chronic heroin addiction is not
pleasant, but they must be readily available and have outreach to alienated, homeless
addicts. Although methadone has only a specific and limited effect, the therapeutic
environment of agood clinic providesafavourabl e setting for treatment of complicating
addictions and infections.

Termination of needle use by addicts reduces the transmission of AIDS. Social
rehabilitation of addictsreducescrimeand improvesnei ghbourhoods, thusreducing the
availability of addictivedrugsinthe area. Rehabilitated ex-addicts, having escaped the
davery of heroin addiction, can become highly motivated and effective agents of
prevention in a community susceptible to adolescents.

This sounds straightforward, but the practical difficulties of developing large-scale
treatment facilitiesshould not beminimized. To beeffectiveasapublic healthresponse,
maintenance clinics must have a capacity that is comparable to the size of the addict
population and yet continueto be as effectivein rehabilitation asthey werewhen small.
Expansion of services will face prejudice, denial, hostility and indifference — but with
informed medical leadership the nature of the addiction problem can be explained to
politicians and the public. The process of devel oping an effective responseto the many
problems of addi ction startswith discussion among specialistsin meetings such asthis,
then expands to inform the general medical profession and the public.

| am reminded of a parallel situation in 1955 when the co-founder of Alcoholics
Anonymous, Bill W., spoke on the occasion of the twentieth anniversary of the
Fellowship and saluted the “Coming of Ageof AA” . LikeBill onthat occasion, | look
tothefuture of the M ethadone M ai ntenance Programmewith confidence, knowing that
it too, has“Come of Age” .
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Summary

Recent dataonthepharmacokineticsand pharmacogeneti csof methadone,
taking into account its enantiomers, have been collected. In particular, it
has been demonstrated that i sozymes bel onging to the cytochrome P450
superfamily play a major role in the metabolism of methadone. During
thepast tenyears, alargeamount of information hasbeen collected onthis
enzymatic system. In particular itisnow well known that theseisozymes
can beinhibited or induced by specific compounds. Marked variability in
theactivitiesof theseisozymeshasbeen demonstrated; that variability is
both genetically and environmentally controlled. These dataallow usto
explain and, possibly, avoid the majority of metabolic interactions
involving methadone, and to understand theinterindividual variability of
methadone pharmacokinetics. This latter point is of major clinica
relevance, and stresses the importance of individualizing methadone
treatment.

K ey wor ds: Methadone - Pharmacokinetics - Pharmacogenetics
- Clinical Implications

I ntroduction

Methadoneis asynthetic anal gesic drug used as amaintenance treatment for opioid
addictsandinthetreatment of pain. Theeffectivenessof orally delivered methadonefor
opiatedependencehasbeen demonstratedin many studies, i.e. it reducesillicit drug use,
risk of HIV infection, mortality, crime, and unemployment (13, 21, 28), provided it is
administered at an adequate dosage. As with morphine, methadone's mechanism of
action is mediated by the activation of the opioid receptors (principally of the 1 type).
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However, unlike morphine, methadone has some special featureswhich makeit an
effective drug for the maintenance treatment of opioid dependence. Firstly, methadone
takenorally generally hasahigh bioavail ability when (around 80%, compared with 30%
for morphine (59, 70)), this alows it to be administrated orally. Secondly, the long
elimination half-life of methadone (mean values 28 hours, compared with 2 hours for
morphine (59, 70) ) allowsasingledaily administration. Thirdly, it undergoesextended,
reversible absorption into tissues (in particular, the liver (20)) and steady-state
concentrations can be obtained after multiple administrations. It should, however, be
noted that large interindividual variations in bioavailability and elimination half-life
have been measured (70): thisimportant point will be discussed later on in this paper.

Methadoneisaracemicdrug, i.eitisa50:50 mixture of two enantiomerscalled (R)-
or (I)- and (S)- or (d)-methadone. (R)-methadone accounts for the mgjority, if not the
totality, of the opioid effect of racemic methadone (29, 46). During the past few years,
new dataon the pharmacokineticsand pharmacogenetics(i.e. thestudy of thegenetically
determined variationsin drug response) of methadone, taking account of itsenantiomers,
have been collected. These data provide a better understanding of the biochemical
mechanisms involved in methadone metabolism, the aim being to explain and, if
possible, avoid most of the metabolic interactions involving methadone, by more
effectively taking the individual needs of the patient into account.

Ster eospecificity

Dueto itschemical structure, methadone existsin two enantiomeric forms, i.e. two
formswith the same chemical composition but with two different spatial arrangements.
Methadoneismarketedinalmost all countriesasaracemic mixture, i.e. a50:50 mixture
of two enantiomers called (R)- or levo- or I-methadone and (S)- or dextro- or d-
methadone. The stereospecificity of most opiatesto p receptorsiswell known, but for
methadone the difference between the two isomersisless dramatic, probably owing to
agreater conformational mobility of the molecule (57). Nevertheless, in vitro binding
experimentshave shownthat the necessary concentration of (R)-MET toinhibit by 50%
the binding of [3H]-naloxone to whole rat brain homogenate is 10 times less than that
of (S§)-MET (57). In humans, (R)-MET isabout 50 times as analgesically potent asthe
(S)-form (62).

It has also been shown that the effects of 7.5 mg per os of (S)-MET did not
significantly differ from the placebo response involving respiratory and pupillary
effects, while 7.5 mg of (R)-MET and 15 mg of (R,S)-MET induced intense and
sustained respiratory depression and miosis (55). It should be mentioned that (S)-MET
administered at high doses (650 mg to 1000 mg/day) aso induces morphine-like
subjective effects, partialy suppresses symptoms of abstinence from morphine, and
createsamild degreeof physical dependence(29). Although morphine-likeeffectswere
observed at such high doses, patients consistently denied that they experienced
satisfying subjective opiate-like sensations and disliked the effects (29). Lastly, in
another study, Dole and collaborators switched the daily dose of (R,S)-methadonein 6
patientsto (S)-methadone. To the patientsthis switch wasblind, but it wasfollowed by
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the gradual appearance of abstinence symptoms (20). Altogether, these results show
that (R)-MET accounted for the large majority, if not all, of the opioid effects
attributable to racemic methadone.

Phar macokinetics

Methadone is rapidly absorbed after an oral administration, the maximum plasma
concentration being reached after around 3 hours (51). Likethe magjority of basic drugs,
methadoneisstrongly boundto plasmaproteins, inparticul ar toalphal-acid glycoprotein
(25). Thereisadlight binding difference between thetwo enantiomers, and amean free
fraction of 10% and 14% wasfound for (S)- and for (R)-methadone, respectively (25).
Interestingly, there is a genetic polymorphism of alphal-acid glycoprotein in the
population. Within each individual, alphal-acid glycoprotein consists of two major
forms (ORM 1 and ORM2), encoded by two separate genes (67). There are two major
variantsof the ORM 1 locus (ORM1 F1and ORM1 S), whilethe ORM2 locusismainly
monomorphic (ORM2 A) (24). We have demonstrated that methadone significantly
bindstotheso-called ORM2 A variant but nottotheORM 1 Fvariant (25). Theoretically,
the binding of drugsto plasmaproteinsis an important pharmacokinetic parameter, as
only freedrugsareabletoreachtheir siteof action (i.e. thecentral nervoussystem, when
considering psychotropic drugs); in addition, this binding may influence the clearance
of thesedrugsby theliver and kidneys. However, it remainsto be demonstrated whether
the pharmacogeneti cs of methadone binding to al pha,-acid glycoprotein does have any
significant clinical implications.

A mean value of 28 hours has been found for methadone elimination half-life, with
avery large interindividual range (from 9 to 47 hoursin one study (51), but values as
low as 4 hours and as high as 91 hours have been reported (70)). (R)-methadone was
foundto haveasignificantly longer elimination half-lifethan (S)-methadone (38 versus
29 hours, respectively) (45). Following the chronic administration of methadone, a
shortening of methadone half-life has been measured (from 55 hoursto 22 hours) due
to an induction of methadone metabolism (69) (see also the paragraph on cytochrome
P4503A4). Therate of clearance of methadone from the body has been reported tovary
by afactor of almost 100! (from 23 to 2100 mI/min) (70), and significant differencesin
the mean clearance between the two enantiomers are seen (158 ml/min versus 129 mi/
minfor (R)- and (S)-methadone, respectively (45)). Theapparent volumesof distribution
were found to be relatively variable, with values ranging from 2.1 to 5.6 I/kg (mean
values: 3.9 1/kg) (51), with larger values for (R)- than for (S)-methadone (45).

Methadone is extensively metabolised in the body, mainly at the level of theliver,
andtheelimination rate of methadoneismaostly attributableto metabolic clearance (54).
Bioavailahilities were found to range from 65 to 100% (45) and from 41 to 99% (51).
No statistically significant differencesin bioavailabilities were found between the two
enantiomers (45). Methadone's main metabolite (2-ethylidene-1,5-dimethyl-3,3-
diphenylpyrrolidine) is inactive: it is formed by N-demethylation and subsequent
spontaneous cyclisation (65). Studies by usand by other groups have demonstrated the
involvement of enzymes from the cytochrome P450 superfamily in the metabolism of
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methadone, which is of major importance for the understanding of the clinical
pharmacology of methadone.

Cytochrome P450

Cytochrome P450 enzymesareheme-containing proteinsthat areresponsiblefor the
oxidative metabolism of many endogenous substances aswell asforeign chemicals. It
isbelieved that the ancestral gene of cytochrome P450 already existed 3.5 billion years
ago, i.e. before the divergence of procaryotes and eukaryotes. However, the number of
new isozymes of this superfamily within eukaryotes has considerably increased during
the past 800 million years, and thisis considered to be the consequence of what severa
authors have called «plant-animal warfare » (31). As animals began to diverge from
plants and to ingest them, plants devel oped toxins which protected them. In their turn,
animals with new isoforms of cytochromes P450 were favoured by being able to
metabolize and detoxify those substances. It should be mentioned that many drugs
presently on the market are either extracted from plants or are derivatives of plant
products. The classification of cytochrome P450 enzymesis based on gene similarity
(cytochromeswithin familieshave morethan 40% homol ogy in their protein sequence)
(19). CYP1, CYP2and CY P3arethemajor familiesof the CY Psysteminvolvedin drug
metabolism. Studies performed during the past few years have shown that CY P450
isof ormsbel onging to each of thesemajor families(namely CY P3A4 and CY P2D6, and
possibly also, but to asmaller extent, CY P1A 2) areinvolved in methadone metabolism.
The involvement of these CY P enzymes explains the majority of cases of metabolic
interaction, or enzymatic induction, with methadone, which have been described inthe
literature. Furthermore, the activities of these CYP enzymes are genetically and
environmentally determined, |eadingtolargeinterindividual variations. Taking account
of this point is thus of major importance, as it explains the large interindividual
variationsin methadone pharmacokinetics. It most probably also explainsthe so-called
methadone rapid metabolizers, whose typical complaints are « methadone does not
support me ».

Cytochr ome P4502D6

A genetic polymorphism has been described for CY P2D6: thisenzymeisabsent in
about 5 to 10 % of the European population (16). Asaresult, these peolple are unable
to metabolize drugswhich are biotransformed by thisenzyme, and are, therefore, called
poor metabolizers, while those who have CYP2D6 activity are caled extensive
metabolizers. There are currently more than 80 drugs whose metabolism partly or
mainly depends on this enzyme (some of these drugs are listed in Table 1; for amore
complete list see (47)). CYP2DE6 is not inducible, but its activity can be strongly
inhibited by several drugs (see Table 1) (16, 34). Determination of poor or extensive
metabolizer statuscan beperformed by phenotyping or by genotyping. Thephenotyping
test consistsof the oral intake of atest drug (e.g. 25 mg dextromethorphan, an over-the-
counter antitussive drug), the 8-hour urineis collected, and the parent drug/metabolite
(i.e. dextromethorphan/dextrorphan) ratio is determined (6). One can also genotype
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Table 1. Substates, inhibitors and some features of cytochrome P4502D6

Substrates: Antidepressnts: mianserine, nortriptyl ine, paroxetine, venlaf axine
Neuroleptics: levomegpromazine, perphenazing risperidone, thioridazine
Antiarrhythmics: encainide, flecainide, propafenone, spateine
Beta-blockers: bufuralol, metopraol, propranolal, timold
Anti-hypertensives: debrisoquine, indoramine, guanoxan
Antiangind: perhexiline
Antitussives: dextromethorphan
Analgesics: codeine

Inhibitors quinidine, fluoxetine, paroxetine, levomepromazine
Prototype

Substrate debrisoquine, sparteine, dextromethorphane
Inducibility No

Genetic Yes

polymorphism 5 to 10 % o poor metabolizersin Europe
11010 % d ultrarapid metabolizersin Europe

Interindividual

variability of ~ Morethan 1to 100

activity

subjects by directly analysing the main mutations leading to the loss of CYP2D6
expression in the DNA extracted from leucocytes (36).

Several studies strongly suggest that CYP2D6 is involved in the methadone
metabolism. We studied seven addicts treated with racemic methadone who were
comedicated with fluoxetine, an antidepressant and a strong CY P2D6 inhibitor. The
plasmaconcentrationsof (R)-methadone (but not (S)-methadone) wereincreased by the
addition of fluoxetine (23). This suggests that CY P2D6 isinvolved in the methadone
metabolism, with a stereosel ectivity towards the (R)-enantiomer. Thisisin agreement
withtheresultsof another study showing adecreased partial metabolic clearanceof (R)-
methadoneinfour poor ascomparedwithfour extensivemetabolizers(73). Amitriptyline,
aCYP2D6 substrate, has al so been found to decrease methadone clearance (58), and it
has also been shown that methadone increases concentrations of desipramine (50), a
typical CY P2D6 substrate (16), probably by an inhibition of CY P2D6 activity. Thisis
confirmed by the results of another study showing significantly lower 2-hydroxylation
of desipramine, which is mediated by CYP2D6, in a group of 11 patients receiving
methadone, compared with another group of 61 patients not maintained on methadone
(44). Theinhibition of CY P2D6 by methadone was confirmed by two studies showing
that methadone is a potent inhibitor of codeine O-demethylation (52) and
dextromethorphan O-demethylation (72), 2 enzymatic pathwaysinvolving mainly, if
not exclusively, CY P2D6. It should be mentioned that in an in vitro study with human
liver microsomes, aminor involvement of CY P2D6 in the methadone metabolism has
been found (40). However, this study used (R,S)-methadone, but not the enantiomers
separately, and, as shown above, CY P2D6 seemsto exhibit a stereosel ectivity towards
the (R)-enantiomer.

Several studies have previously shown that a CY P2D6 poor metabolizer status, or
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the administration of CY P2D6 inhibitory drugs, may result inincreased concentrations
of drugs metabolized by this enzyme, and in the occurrence of important side-effects
(27). In most cases, this should not result in a dramatic increase in methadone
concentrations, as other CY P enzymes are also involved in its metabolism. To our
knowledge, no cases of toxicity resulting either from agenetically inherited inability to
metabolize methadone (i.e. in a CY P2D6 poor metabolizer), or from the inhibition of
the CY P2D6-mediated methadone metabolism by acomedication, have been described
in patients undergoi ng methadone-maintenance treatment, i.€. in subjectswho tolerate
opioid effects. Such cases cannot, however, be excluded, especially when subjects start
methadonetreatment, i.e. subjectswhomay not tolerateopioid effects, or patientsunder
mai ntenancetreatment who receive comedi cationswhich simultaneously block all CY P
enzymes.

Very recents studies show that a proportion of the population has a very high
CY P2D6 activity due to the duplication and/or multiduplication of the CY P2D6 gene,
resultinginincreased CY P2D6 activity (41). Theproportion of theseso-called ultrarapid
metabolizersisvariable, being around 1.5% in Germany (33), 7 % in Spain (1) and as
high as 29% in Ethiopia (2). Determination of an ultrarapid metabolizer status can be
performed by genotyping, i .e. by determining the presenceof CY P2D6 geneduplication
or multiduplication in the DNA extracted from the leucocytes (41). Our group, and
others, have already demonstrated that a very rapid metabolism of drugs, such as
clozapine (10), clomipramine(5) and nortriptyline (12), may lead to therapeuticfailure.
A study conducted by our group ontheimportance of the CY PD6 ultrarapi d metabolizer
statuson the outcome of amethadone mai ntenancetreatmentisnearly complete, and the
final results will be ready within the next few months.

Cytochr ome P4501A2

Cytochrome P4501A2 is involved in the metabolism of several drugs such as
clozapine, olanzapine and tacrine (see Table 2). No genetic polymorphism has been
described for CY P1A2, but there isamore than 40-fold variability in its activity (61).
Several phenotyping tests can be used to measure CY P1A2 activity, but probably the
most widely usedisthecaffeinetest, whichrequiresthedetermination of urineor plasma
metabolic ratios after the oral administration of various doses of caffeine (around 200
myg, or approximately two cups of coffee) (11). In addition, CYP1A2 activity can be
induced by compounds present in smoke. It can also beinhibited by several drugs (see
Table 2).

Westudied six addi ctstreated with racemic methadonewho were comedicated with
fluvoxamine, astrong CY P1A2 inhibitor (14, 23). The plasma concentrations of both
(R)- and (S)-methadone were raised by fluvoxamine, which suggeststhat CYP1A2is
involved in the metabolism of both enantiomers. Interestingly, among the six patients
who received fluvoxamine, one clear and one possible case of withdrawal symptoms
were reported when fluvoxamine was stopped. This was most probably due to a
relatively rapid decrease in fluvoxamine concentration, resulting in a decrease of
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Table2. Substates, inhibitors and some f eatures of cytochrome P4501A2

Substrates: acetaminophen, caffeine, clomipramine, clozapine,
imipramine, olanzapine, tacrine, theophylline

Inhibitors fluvoxamine, furafylline, quinolones

Prototype substrate caffeine

Inducibility Y es

Inducing agents omeprazole, smoking, polycyclic aromatic hydrocarbons,
brocoli

Genetic polymorphism No

Interindi vidual variability About 1 to40

of activity

methadone metabolism inhibition and a decrease in methadone concentrations. On the
other hand, such caseswere not found inthe group of patientsreceiving fluoxetine: this
ismost likely dueto thevery long half-life of fluoxetine (1-2 day) and of itsmetabolite,
norfluoxetine(7-14days), resultinginavery slow decreaseintheir concentrationswhen
interrupting administration of this drug. We have also observed strong withdrawal
symptomsin patientsreceiving methadonewhen they stopped taking mocl obemide (J.J.
Déglon, unpublished observations), an antidepressant belonging to the group of
selective inhibitors of the monoamine A oxidase. Thisis very probably due to the fact
that moclobemide isan inhibitor of CYP2D6 and CYP1A2 (32), and that it has a short
elimination half-life (1 to 4 hours).

Theinvolvement of CY P1A2inthe methadone metabolism hasal so been suggested
in astudy showing a higher (R)- and (S)-methadone plasma clearance in four smokers
as compared with four non-smokers (73) (as mentioned above, CY P1A2 isinduced by
smoke). However, inaninvitro study using human liver microsomes, CY P1A2 did not
seem to be involved in the methadone metabolism. No explanations can at present be
given for this discrepancy.

Cytochr ome P4503A4

CYP3A4 is the most abundant CYP form in the liver, but this enzyme is aso
expressed in the gut. It is involved in the metabolism of a large number of drugs,
including benzodiazepines such as aprazolam, antidepressants such as sertraline,
calciumchannel bl ockerssuch asnifedipine, orimmunosuppressantssuchascyclosporine
(Table 3, seealso (43)). No genetic polymorphism has been described for CY P3A4, but
amarkedinterindividual variability in the expression of thisenzyme hasbeen noted (up
to 30-fold in liver and up to 11-fold in gut) (43). Several phenotyping tests have been
proposed for the determination of CYP3A4 activity, but probably one of the most
accurate of these relies on the oral administration of midazolam and on the metabolic
ratio determination in blood (18).

CYP3A4 isinducible, and thisis the likeliest explanation for the induction of the
methadone metabolism at the beginning of a maintenance treatment. Thus, a decrease
in steady-state plasma levels of MET is observed during maintenance treatment with
racemic methadone (53, 69), which could require modification of the dose. This may
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Table3. Substates, inhibitors and some features of cytochrome P4503A4

Substrates: Antiarrhythmics: amiodarone, disopyramide, |idocaine,
quinidine
Anticonvulsants. carbamazepine, ethosuximide
Antidepressants. amitriptyline, imipramine, sertrdine
Benzodiazepines: dprazolam, clonazepam, diazepam,
midazolam
Calcium channel blockers: felodipine, nicardiping nifedipine,
verapamil
Mecrolide antibioti cs: clarithromycin, erythromycin,
triacetyloleandomycin
Steroids: androstendiong cortisol, dexamethasong
progesterone, testoterone

Inhibitors erythromycin, itraconazole, ketoconazole, grapefruit juice
(furanocoumai n, bergamottin)

Prototype substrate midazolam

Indud bility Yes

Indud ng agents Anticonvulsants. carbamazepine, phenobabital, phenytoin

Steroids: dexamethasone, progesterone
Others. benzoflasone, rifampicin, naphthoflavone
phenylbutazone, sulfadimidine, sulfinpyrazone

Geneti ¢ polymorphism No
Interindividud vari ability
of activity About 1 to 30 (liver), about 1to 11 (gut)

party bedueto anincreasein MET demethylation (3, 69), as shown by higher values
for the rati os between the main metabolite, EDDP, and methadone (3, 69). In this case,
a substrate (methadone) induces its own metabolism - a phenomenon that has been
shown for other drugs (for example, carbamazepine is a strong CY P3A4 inducer, and
it induces its own metabolism, which is mediated by CY P3A4 (43)). The inducibility
of CY P3A4 probably a so explainsthedecreasein mean (R)-methadone concentrations
observed by usin agroup of 22 patientsin Germany, whose (R)-methadone dose was
replaced by adouble dose of (R,S)-methadone (26). Up to the mid-nineties, Germany
was one of the few countriesin the world where methadone was marketed as the pure
(R)-enantiomer. Dueto the higher costs of (R)-methadone compared with the racemic
form, (R)-methadone has progressively been replaced by (R,S)-methadone (e.g. 50 mg
(R)-methadonewererepl aced by 100 mg (R,S)-methadone). Thischange, however, was
not welcome by addicts, and ajournal printed for and by addictsreported some cases of
withdrawal symptoms after the switch. Although the mean decrease in (R)-methadone
serum concentration/dose ratios measured in our study was of small magnitude (15%)
(26), this may explain the withdrawal symptoms reported by some patients.

Severa substances are strong CY P3A4 inducers; rifampicine is an example. The
administration of rifampicine for the treatment of pulmonary tuberculosis in addicted
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patientsled towithdrawal symptomsin alarge proportion (asmuch as 70%) of patients;
athird of thesewere considered severe (15). In this case, the methadone dose should be
increased, and the dosage should itself, if necessary, be split until these withdrawal
symptoms disappear completely, or until methadone blood concentrations return to
their pre-rifampicinelevel. Thisapproach, however, isnot possiblein many centresdue
to their dose policy. Drugs other than rifampicine can be used: it seemsthat rifabutine
islesslikely to influence methadone kinetics, although an increase in methadone dose
seems to be necessary in some patients (15). Other drugs, such as phenobarbital,
phenytoinand carbamazepine, areclassic CY P3A4inducers, and caninducewithdrawal
symptoms by enhancing the methadone metabolism. For the treatment of epilepsy,
valproic acid can be used instead of the antiepileptics just mentioned, as it does not
possessinducing properties (on the other hand, it isnot clear whether this drug has any
inhibitory activity). Some steroids, such as dexamethasone, a synthetic glucocorticoid,
or spironolactone, asemi-synthetic steroid whichisan antagonist of aldosteroneand is
used as adiuretic, are CY P3A4 inducers. This explains the results of a study showing
that steroidsand spironol actoneincrease methadone clearance (58). It hasrecently been
shown that the addition of ritonavir and nelfinavir, two HIV protease inhibitors, when
patientswere on steady-state therapy with methadone and nucleosides anal ogues, led to
a decrease of methadone steady-state concentrations by 40 to 50% (7). On the other
hand, indinavir or saquinavir did not affect methadone concentrations (7). Althoughthe
exact mechanism by which ritonavir and nelfinavir decrease methadone concentrations
isnot known, aninduction of CY P3A4 (and, possibly, of other enzymes) by thesedrugs
isprobable, considering that both substancesare CY P3A4 substrates(4), and that a30%
reduction in the area under the curve for ritonavir has been shown after three to four
weeks of continued therapy with this drug, suggesting enzyme induction following
initial enzyme inhibition (4).

Several drugs, such as ketoconazole or erythromycin, are known to be strong
CYP3A4inhibitors(43) (see Table3). Evenif, to our knowledge, no cases of metabolic
inhibitioninvolvingthese substanceshavebeen described with methadone (ketoconazol e,
an antimycotic drug, is also administered per 0s), such an interaction can be expected.
Diazepam,aCY P3A4substrate(43), isaninvitroinhibitor of methadoneN-demethylation
(63). Methadone concentrations increased when coadministered with diazepam and
nifedipine(7), thelatter drugisalsoaCY P3A4 substrate (43). Onelast point that should
bementionedisthe probableinhibition of methadoneby grapefruit juice. Now, itisvery
well known that grapefruit juice, through the inhibitory activity of some of its
components, such as furanocoumarin and/or bergamottin (30, 35), strongly inhibits
CYP3A4 at the level of the intestines. Thus, several studies have shown a strong
reduction in the clearance of several benzodiazepines, such as triazolam (39), whose
metabolism is mediated by this isozyme. These changes in the pharmacokinetic
parametersresultedinincreased pharmacodynamic effects, such asincreased drowsiness
(39). One case of death was reported in the literature, involving grapefruit juice and
terfenadine (an antihistaminic drug) attributed to aprobabl einhibition of theterfenadine
metabolism by grapefruit juice, resulting in fatal arrhythmias caused by anincreasein
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terfenadine concentrations (64). Wetherefore rai se the question whether some patients
on methadone maintenance treatment (in particular, in centreswith alow-dose policy)
may betempted to drink grapefruit juiceto increasetheir methadone blood levels. Such
attempts, without any supervision, should be strongly discouraged, asthere are no data
about the increase of methadone that can be expected (published data on other drugs
suggest that theincreasevariesbetween individual s, probably depending on theamount
of intestine CY P3A4 (60)).

Interindividual variability of M ethadone M etabolism and M ethadone Dose

Sincetheearly work of Doleand Nyswander, who recommended amethadone dose
of 80 to 120 mg/day (21), other studies have consistently shown that methadone must
be provided at adequate dosages. Thus, a clear inverse correlation has been found
between increasing dose and therisk of interrupting treatment (17), and thereisgeneral
agreement on the fact that an insufficient dose of methadone is a major cause of
therapeutic failure. Variable concentrations of (R,S)-methadone are measured for a
given dose of racemic methadone (37, 66). Using an enanti osel ective method, inastudy
on 50 patients, we recently found that, for agiven dose of racemic methadone corrected
for body weight, concentrations of (R)-methadone canvary 1- to 7-fold (22). An even
larger range was found in another study comprising alarger number of subjects (Eap et
al., submitted). Several studieshave aimed to find a minimum methadone blood level
which can reliably support effective methadone maintenance therapy (8, 9, 37, 38, 42,
48, 66, 68). In some studies, no such threshold was found (8, 38, 68), while arange of
values, between 50 to 600 ng/ml of (R,S)-methadone, wasfound in other studies (9, 20,
37,42, 48, 71). A concentration of 400 ng/ml is now often considered to be necessary
in providing stabilized maintenance (49, 56); it is used as a reference value when
performing thetherapeutic drug monitoring of methadone. To our knowledge, however,
no study so far has clearly demonstrated the existence of such athreshold.

As there is marked interindividual variability in the (R)/(S) ratios of methadone
measured in blood (range 0.63-2.4) (26), this suggests that measuring methadone
enantiomers could be more reliable than determining total concentrations, when one
tries to correlate methadone blood levels and therapeutic outcome. In one such study
with 180 patients, we found a significant association of an (R)-methadone plasma
concentration with therapeutic response, as determined by the absence of illicit opiates
in the urine samples collected during a 2-month period prior to blood sampling (Eap et
al., submitted). This supports the use of the therapeutic monitoring of (R)-methadone,
when there is a continued intake of illicit drugs. Interestingly, to obtain any (R)-
methadone concentrations, theoretical doses of racemic methadone could vary within
al- to 17-fold range!
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Conclusions

Recent data on the pharmacokinetics and pharmacogenetics of methadone will,
hopefully, allow abetter prescription of thisdrug. M ost metabolicinteractionsinvolving
methadone can be explained, as well as the interindividual variability of methadone
pharmacokinetics — a variability which is genetically and environmentally controlled.
Thispoint isof major clinical relevance, considering thelow-dose policy implemented
inmany centres; it stressesthe need toindividualize methadone doses, by taking account
of theinterindividual variability of themethadone metabolism— not to mention possible
variability at the level of the receptors.

Acknowledgements

Studies from our group (Prilly-Lausanne) mentioned in the present paper were
supported in part by the SwissFederal Office of Public Health, grant numbers 8045 and
316.97.0629, and by a grant from the Sandoz Foundation.

References

1. Agundez JA.G., LedesmaM.C., Ladero J.M., Benitez J. (1995): Prevalence of
CY P2D6 gene duplication and its repercussion on the oxidative phenotypein a
white population. Clin. Pharmacol. Ther. 57: 265-269.

2. Aklillu E., Persson I., Bertilsson L., Johansson |., Rodrigues F., Ingelman-
Sundberg M. (1996): Frequent distribution of ultrarapid metabolizers of
debrisoquinein an Ethiopian popul ation carrying duplicated and multiduplicated
functional CYP2D6 alleles. J. Pharmacol. Exp. Ther. 278: 441-446.

3. Anggard E., Gunne L.-M., Holmstrand J., McMahon R.E., Sandberg C.-G.,
SullivanH.R. (1975): Disposition of methadonein methadone maintenance. Clin.
Pharmacol. Ther. 17: 258-266.

4. Barry M., GibbonsS., Back D., Mulcahy F. (1997): Proteaseinhibitorsin patients
with HIV disease: clinically important pharmacokinetic considerations. Clin.
Pharmacokinet. 32: 194-209.

5. Baumann P., Broly F., Kosel M., Eap C.B. (1998): Ultrarapid metabolism of
clomipraminein atherapy-resistant depressive patient, asconfirmed by CY P2D6
genotyping. Pharmacopsychiatry 31: 72.

6. BaumannP.,Jonzier-Perey M. (1988): GC and GC-M Sproceduresfor simultaneous
phenotyping with dextromethorphan and mephenytoin. Clin. Chim. Acta 171:
211-222.

7. Beauverie P., Taburet A.M., Dessdles M.C., Furlan V., Touzeau D. (1998):
Therapeutic drug monitoring of methadone in HIV-infected patients receiving
protease inhibitors. AIDS 12: 2510-2511.

8. Bell J, Bowron P., Lewis J., Batey R. (1990): Serum levels of methadone in
maintenance clients who persist inillicit drug use. Br. J. Addict. 85: 1599-1602.

9. Bell J, Seres V., Bowron P., Lewis J.,, Batey R. (1988): The use of serum
methadonelevelsin patientsreceiving methadone maintenance. Clin. Pharmacol.
Ther. 43: 623-629.

29



Heroin Addiction and Related Clinical Problems

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

30

Bender S., Eap C.B. (1998): Very high cytochrome P4501A2 activity and
nonresponse to clozapine. Arch. Gen. Psychiatry 55: 1048-1050.

Bertilsson L., Carrillo JA., Dahl M.-L., Llerena A., Alm C., Bondesson U.,
LindstrémL.,delaRubial.R., RamosS., Benitez J. (1994): Clozapinedisposition
covaries with CYP1A2 activity determined by a caffeine test. Br. J. Clin.
Pharmacol. 38: 471-473.

BertilssonL., Dahl M.-L., §6qvist F., Aberg-Wistedt A., Humble M., Johansson
I., Lundgvist E., Ingelman-Sundberg M. (1993): Molecular basis for rationa
megaprescribing in ultrarapid hydroxylators of debrisoquine. Lancet 341: 63.
Bertschy G. (1995): Methadone maintenance treatment: an update. Eur. Arch.
Psychiatry Clin. Neurosci. 245: 114-124.

Bertschy G., Baumann P., Eap C.B., Baettig D. (1994): Probable metabolic
interaction between methadone and fluvoxamine in addict patients. Ther. Drug
Monit. 16: 42-45.

Borg L., Kreek M.J. (1995): Clinical problems associated with interactions
between methadone pharmacotherapy and medications used in the treatment of
HIV-1-positive and AIDS patients. Current Opinion in Psychiatry 8: 199-202.
Bragsen K., Gram L.F. (1989): Clinical significance of the sparteine/debrisoquine
oxidation polymorphism. Eur. J. Clin. Pharmacol. 36: 537-547.

Caplehorn J.R.M., Bell J. (1991): Methadone dosage and retention of patientsin
maintenance treatment. Med. J. Aust. 154: 195-199.

Carrillo JA., Ramos S.I., Agundez JA.G., Martinez C., Benitez J. (1998):
Analysis of midazolam and metabolites in plasma by high-performance liquid
chromatography: probe of CYP3A. Ther. Drug Monit. 20: 319-324.

Day A.K., Brockmdller J., Broly F., Eichelbaum M., EvansW.E., Gonzalez F.J.,
Huang J.-D., Idle JR., Ingelman-Sundberg M., Ishizaki T., Jacqz-Aigrain E.,
Meyer U.A., Nebert D.W., Steen V.M., Wolf C.R., Zanger U.M. (1996):
Nomenclature for human CY P2D6 alleles. Pharmacogenetics 6: 193-201.
DoleV.P. (1988): Implicationsof methadonemai ntenancefor theoriesof narcotic
addiction. JAMA 260: 3025-3029.

DoleV.P.,Nyswander M.E. (1966): Rehabilitation of heroinaddictsafter blockade
with methadone. New Y ork State Journal of Medicine 2011-2017.

Eap C.B., Bertschy G., Finkbeiner T., Gastpar M., Scherbaum N., Baumann P.
(1998): High interindividual variability of methadone enantiomer blood levelsto
doseratios. Arch. Gen. Psychiatry 55: 89-90.

EapC.B.,Bertschy G., Powell K., BaumannP. (1997): Fluvoxamineandfluoxetine
do not interact in the same way with the metabolism of the enantiomers of
methadone. J. Clin. Psychopharmacol. 17: 113-117.

Eap C.B., Cuendet C., Baumann P. (1988): Orosomucoid (apha 1-acid
glycoprotein) phenotyping by use of immobilized pH gradientswith 8 M ureaand
immunoblotting. Hum. Genet. 80: 183-185.

Eap C.B., Cuendet C., Baumann P. (1990): Binding of d-, |-, and dI-methadoneto
proteins in plasma of healthy volunteers. Role of the variants of alpha 1-acid



C.B. Eap et al.: Pharmacokinetics and Phar macogenetics of Methadone: Clinical Relevance

glycoprotein. Clin. Pharmacol. Ther. 47: 338-346.

26. Eap C.B., Finkbeiner T., Gastpar M., Scherbaum N., Powell K., Baumann P.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

(1996): Replacement of (R)-methadone by adouble dose of (R,S)-methadonein
addicts: interindividual variability of the (R)/(S) ratios and evidence of adaptive
changes in methadone pharmacokinetics. Eur. J. Clin. Pharmacol. 50: 385-389.
Eichelbaum M., Kroemer H.K., Mikus G. (1992): Genetically determined
differencesin drug metabolism asarisk factor in drug toxicity. Toxicol. Lett. 64/
65: 115-122.
Farrell M., Ward J., Mattick R., Hall W., Stimson G.V ., des JarlaisD., Gossop M.,
Strang J. (1994): Methadone maintenance treatment in opiate dependence: A
review. Br. Med. J. 309: 997-1001.
Fraser H.F., Isbell H. (1962): Human pharmacol ogy and addictiveness of certain
dextroisomers of synthetic analgesics. Bulletin on Narcotics 14: 25-35.
FukudaK., OhtaT., OshimaY ., Ohashi N., YoshikawaM., Yamazoe Y. (1997):
Specific CYP3A4 inhibitors in grapefruit juice - furanocoumarin dimers as
components of drug interaction. Pharmacogenetics 7: 391-396: 10.
Gonzalez F.J., Nebert D.W. (1990): Evolution of the P450 gene superfamily:
animal-plant warfare, molecular drive and human genetic differences in drug
oxidation. TIGS 6: 182-186.
GramL.F.,Guentert T.W., GrangeS.,, VistisenK ., BrasenK. (1995): M oclobemide,
asubstrate of CYP2C19 and an inhibitor of CY P2C19, CYP2D6, and CYP1A2 -
A pandl study. Clin. Pharmacol. Ther. 57: 670-677.
Griese E.-U., Zanger U.M., Brudermanns U., Gaedigk A., Mikus G., Mdrike K.,
Stiiven T., Eichelbaum M. (1998): Assessment of the predictive power of
genotypesfor thein-vivo catalytic function of CY P2D6 in a German popul ation.
Pharmacogenetics 8: 15-26.
. Harvey A.T., Preskorn S.H. (1996): Cytochrome P450 enzymes: interpretation of
their interactions with selective serotonin reuptake inhibitors. Part 1. J. Clin.
Psychopharmacol. 16: 273-285.
HeK., lyer K.R., Hayes R.N., Sinz M.W., Woolf T.F., Hollenberg P.F. (1998):
Inactivation of cytochrome P450 3A4 by bergamottin, acomponent of grapefruit
juice. Chem. Res. Toxicol. 11: 252-259.
Heim M., Meyer U.A. (1990): Genotyping of poor metabolisers of debrisoquine
by allele-specific PCR amplification. Lancet 336: 529-532.
Holmstrand J., Anggard E., Gunne L.-M. (1978): Methadone maintenance:
plasma levels and therapeutic outcome. Clin. Pharmacol. Ther. 23: 175-180.
Horns W.H., Rado M., Goldstein A. (1975): Plasma levels and symptom
complaintsin patients maintained on daily dosage of methadone hydrochloride.
Clin. Pharmacol. Ther. 17: 636-649.
Hukkinen SK., Varhe A., Olkkola K.T., Neuvonen P.J. (1995): Plasma
concentrations of triazolam areincreased by concomitant ingestion of grapefruit
juice. Clin. Pharmacol. Ther. 58: 127-131.

40. IribarneC., BerthouF.,BairdS., DréanoY ., Picart D., Bail J.P., BeauneP., Ménez

31



Heroin Addiction and Related Clinical Problems

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

32

J.F. (1996): Involvement of cytochromeP450 3A4 enzymeintheN-demethylation
of methadone in human liver microsomes. Chem. Res. Toxicol. 9: 365-373.
Johansson 1., Lundgvist E., Bertilsson L., Dahl M.-L., S§jdqvist F., Ingelman-
Sundberg M. (1993): Inherited amplification of an active genein the cytochrome
P450 CYP2D locus as a cause of ultrarapid metabolism of debrisoquine. Proc.
Natl. Acad. Sci. USA 90: 11825-11829.

Kell M.J. (1995): Utilization of plasma and urine methadone concentration
measurements to limit narcotics use in methadone maintenance patients: 11.
Generation of plasma concentration response curves. J. Addict. Dis. 14: 85-108.
Ketter T.A., Flockhart D.A., Post R.M., Denicoff K., Pazzaglia P.J., Marangell
L.B.,GeorgeM.S,, Callahan A.M. (1995): Theemerging roleof cytochromeP450
3A in psychopharmacology. J. Clin. Psychopharmacol. 15: 387-398.
KostenT.R., GawinF.H., Morgan C., Nelson J.C., Jatlow P. (1990): Desipramine
and its 2-hydroxy metabolite in patients taking or not taking methadone. Am. J.
Psychiatry 147: 1379-1380.

KristensenK.,Blemmer T., AngeloH.R., ChristrupL.L., Drenck N.E., Rasmussen
S.N., Sagren P. (1996): Stereoselective pharmacokinetics of methadone in
chronic pain patients. Ther. Drug Monit. 18: 221-227.

KristensenK., Broan Christensen C., Christrup L.L. (1995): Themul, mu2, delta,
kappaopioid receptor binding profilesof methadonestereoi somersand morphine.
Life Sci. 56: 45-50.

Kroemer H.K., Eichelbaum M. (1995): It’ sthe gene stupid - Molecul ar basesand
clinical consequencesof genetic cytochromeP450 2D6 polymorphism (Review).
Life Sci. 56: 2285-2298.

Loimer N., Schmid R. (1992): The use of plasmalevelsto optimize methadone
maintenance treatment. Drug and Alcohol Dependence 30: 241-246.

Loimer N., Schmid R., Grinberger J., Jagsch R., Linzmayer L., Presslich O.
(1991): Psychophysiological reactionsin methadone mai ntenance patientsdo not
correlate with methadone plasma levels. Psychopharmacol ogy 103: 538-540.
Maany |., Dhopesh V., Arndt 1.0., Burke W., Woody G., O’ Brien C.P. (1989):
Increase in desipramine serum level s associated with methadone treatment. Am.
J. Psychiatry 146: 1611-1613.

Meresaar U., Nilsson M.-I., Holmstrand J., Anggard E. (1981): Single dose
pharmacokinetics and bioavailability of methadonein man studied with a stable
isotope method. Eur. J. Clin. Pharmacol. 20: 473-478.

Mikus G., Somogyi A.A., Bochner F., Eichelbaum M. (1991): Codeine O-
demethylation: rat strain differences and the effects of inhibitors. Biochem.
Pharmacol. 41: 757-762.

NilssonM .-I., Anggard E., Holmstrand J., GunneL .-M. (1982): Pharmacokinetics
of methadoneduring mai ntenancetreatment: adaptivechangesduringtheinduction
phase. Eur. J. Clin. Pharmacol. 22: 343-349.

Nilsson M.I., Meresaar U., Anggard E. (1982): Clinical pharmacokinetics of
methadone. Acta. Anaesthesiol. Scand. 74 (suppl.): 66-69.



C.B.

Eap et al.: Pharmacokinetics and Pharmacogenetics of Methadone: Clinical Relevance

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Olsen G.D., Wendel H.A., Livermore J.D., Leger RM., Lynn R.K., Gerber N.
(1977): Clinica effects and pharmacokinetics of racemic methadone and its
optical isomers. Clin. Pharmacol. Ther. 21: 147-157.

Payte J.T., Khuri E.T., U.S.Department of Health and Human Services (Eds).
State Methadone Treatment Guidelines. Rockwall, Rockville, MD (1993):
Principles of methadone dose determinations: 101-24.

Pert C.B., Snyder S.H. (1973): Opiate receptor: demonstration in nervous tissue.
Science 179: 1011-1014.

Plummer J.L., Gourlay G.K., Cherry D.A., Cousins M.J. (1988): Estimation of
methadone clearance: applicationinthemanagement of cancer pain. Pain 33: 313-
322.

QuinnD.I.,Wodak A., Day R.O. (1997): Pharmacokinetic and pharmacodynamic
principlesofillicitdruguseandtreatment of illicit drug users. Clin. Pharmacokinet.
33: 344-400.

Schmiedlin-Ren P., EdwardsD.J., FitzsmmonsM.E., HeK., LownK.S., Woster
P.M., Rahman A., Thummel K.E., Fisher JM., Hollenberg P.F., Watkins P.B.
(1997): Mechanisms of enhanced oral availability of CYP3A4 substrates by
grapefruit constituents - Decreased enterocyte CYP3A4 concentration and
mechanism-based inactivation by furanocoumarins. Drug Metab. Dispos. 25:
1228-1233.

Schweikl H., Taylor JA., Kitareewan S., Linko P., Nagorney D., Goldstein J.A.
(1993): Expression of CYP1A1l and CYP1A2 genes in human liver.
Pharmacogenetics 3: 239-249.

Scott C.C., RobbinsE.B., Chen K.K. (1948): Pharmacol ogical comparison of the
optical isomers of methadone. J. Pharmacol. Exp. Ther. 92: 282-286.
Spaulding T.C., Minium L., Kotake A.N., Takemori A.E. (1974): The effect of
diazepam on the metabolism of methadone by theliver of methadone-dependent
rats. Drug Metab. Dispos. 2: 458-463.

Spence J.D. (1997): Drug interactions with grapefruit: whose responsibility isit
to warn the public? Clin. Pharmacol. Ther. 61: 395-400.

Sullivan H.R., Due S.L. (1973): Urinary metabolites of dl-methadone in
mai ntenance subjects. J. Med. Chem. 16: 909-913.

Tennant F.S., Jr. (1987): Inadequate plasma concentrations in some high-dose
methadone maintenance patients. Am. J. Psychiatry 144: 1349-1350.

Tomei L., Eap C.B., Baumann P., DenteL. (1989): Use of transgenic micefor the
characterization of human apha 1-acid glycoprotein (orosomucoid) variants.
Hum. Genet. 84: 89-91.

Torrens M., Cadtillo C., San L., del Mora E., Gonzalez M.L., de la Torre R.
(1998): Plasma methadone concentrations as an indicator of opioid withdrawal
symptoms and heroin use in a methadone maintenance program. Drug Alc. Dep.
52: 193-200: 7.

Verebely K., Volavka J.,, Mulé S., Resnick R. (1975): Methadone in man:
pharmacokinetic and excretion studies in acute and chronic treatment. Clin.

33



Heroin Addiction and Related Clinical Problems

70.

71.

72.

73.

Pharmacol. Ther. 18: 180-190.

Ward J., Bell J., Mattick R.P., Hall W. (1996): Methadone maintenance therapy
for opioid dependence. CNS Drugs 6: 440-449.

Wolff K., Hay A.W.M., Raistrick D. (1992): Plasma methadone measurements
and their role in methadone detoxification programs. Clin. Chem. 38: 420-425.
Wu D., Otton S.V., Sproule B.A., Busto U., Inaba T., Kalow W., Sellers E.M.
(1993): Inhibition of human cytochrome P450 2D6 (CY P2D6) by methadone. Br.
J. Clin. Pharmacol. 35: 30-34.

Yue Q.-Y., Svensson J.-O., Bertilsson L., Sawe J. (1995): Racemic methadone
kinetics in relation to the debrisoquine hydroxylation polymorphism in man.
[Abstract] Therapie (Suppl.) 88.

Received and Accepted February, 27, 1999



ICentre for Treatment of Drug Addiction, Ljubljana, Slovenia
2Ministry of Health of the Republic of Slovenia, Ljubljana, Slovenia

Heroin Add & Rel Clin Probl 1999; 1(1): 35-41 Policy Initiatives

I ntegrating M ethadone Treatment in the Slovenian Public Health
System

Andrej Kastelict, Tatja Kostnapfel Rihtar?

Summary

Inthisarticleonthequality of serviceinthe methadone maintenance programme
the authors wished to determine whether the establishment of the network of
centresfor the prevention and treatment of dependenceonillegal drugswasmade
possible higher quality professional services in carrying out the methadone
maintenance programme, greater effectiveness in the programme and greater
satisfaction on the part of those involved.

According to new directives originating in the Spring of 1995, the Methadone
Maintenance Program isoperating asone of theservicesof theeleven Centresfor
the Prevention and Treatment of Drug Dependency in the Republic of Slovenia.
In 1995 the authors collected data on the quality of the programme by using a
guestionnaire, and they repeated thisinquiry in April 1997.

The 1995 questionnaire was completed by 267 patients on the maintenance
programme (51% of al participantsintheprogramme), andthe 1997 questionnaire
was answered by 729 patients (71.8% of al participants in the programme).
The authors interpreted the results of the survey on the basis of five criteria

Key words: Methadone maintenance programme - drug
dependence prevention and treatment centre - network of centers
- integral treatment of addicts - satisfaction of person on
maintenance with the programme

Introduction

Themethadone mai ntenance programme providesbasi c treatment, and issupported
by the harm reduction programmes included in current drug policy, which aims to
protect the users of illegal drugs by increasing the number of users who make contact
with the medical service. These users remain on treatment or join higher threshold
programmes.

Addressfor reprints: Andrej Kastelic, MD Centrefor Treatment of Drug Addiction, Zaloska 29,
1000 Ljubljana - Slovenia
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Itwasthereforevery hel pful to assessthelevel of satisfactionamongst thoseenrolled
in the programme, and use the results to further increase acceptability for its users.

National guidelines for the management of drug addicts, including the strategy for
methadone maintenance harmreduction have been adopted by theHealth Council at the
Ministry of Health in 1994, and methadone maintenance programme policies were
confirmed at a consensus Symposium on Methadone Maintenance, with participants
from the Ministry of Health, the Ministry of Internal Affairs, the Ministry of Labour,
Family and Socia Affairs and the Ministry of Justice.

Withtheopening of the Centrefor Treatment of Drug Addictionat theMental Health
CentreinLjubljana, and considering thefact that someof thespecialist outpatient clinics
for drug dependence treatment were not operating very well, the need has arisen to
establish a more efficient network of drug prevention and rehabilitation centres in
Slovenia which will provide treatment, and will be computer-linked and financially
supported by the Health Insurance Institute of Slovenia

Eleven regional Centresfor the Prevention and Treatment of Drug Addictionshave
been set up, and the training of professional staff at the Centres has been organized.

a) Medical basis

The recommendations adopted for the treatment of drug addiction comprised
instructions for general practitioners, for emergency procedures, the hospitalization of
addictsfor diseases connected or unconnected with drug dependence, for psychiatrists,
territorial defense doctors and those dealing with prisoners, and for other situationsin
which medical personnel come across unauthorized drug taking.

The recommendations give instructions on the identification of drug use, on
diagnostic and therapeutic methodsto be used in hospital sand outpatient clinicsand the
recommendationsfor themethadone mai ntenance programme. Support is provided not
only for opiate addicts, but also for the abusers of sedatives, hypnotics, stimulants,
hallucinogens etc., whether they experiment with or are addicted to them.

The recommendations also provide guidance on the abstinence syndrome, the
application of medicaments, the stabilization of opiate addicts, outpatient treatment,
detoxification and a detailed description of the methadone maintenance program.

b) Network of Centresfor prevention and treatment of drug addiction

A network of six Centres of type “A” and five Centres of type “B” has been
confirmed by the Health Council.

The main difference between the two Centres is, that in the Centre of type “A”
criteriafor the application of the methadone maintenance programme are being drawn
up, and the Centres a so supervise the methadone maintenance programme.

The drug prevention and rehabilitation centres provide:

- counselling services for addicts, relatives and educators,
- individual, group and family therapy;

- preparation for hospital treatment;

- aid towards rehabilitation and socia reintegration;

36



A. Kastelic, T. Kostnapfel Rihtar: Integrating Methadone Treatment in the Sovenian Public
Health System

- consultations for health and social services;

- determination, on the basis of case history, clinical examination, laborator tests
and welfare service reports, of criteriaof the methadone maintenance program;

- supervision of the methadone maintenance programme;

- practical implementation of methadone maintenance programme,

- community-health nursing services,

- linkage with therapeutic and self-help groups;

- research work.

In view of the complex nature of drug dependence treatment, the normal operation
of a drug prevention and rehabilitation centre requires a multidisciplinary team of
specidlists including: a general medicine or socia medicine specialist, a college-
graduate nurse, a consulting or permanently employed psychiatrist, a psychologist, a
social worker, alaboratory technician, and an administrative worker.

¢) Methadone maintenance programme

The final decision on whether to enrol an addict on the methadone programme is
made by the programme manager after consultation with the team.

The minimum reguirements for placing an addict on the methadone maintenance
programme (MMP) are:

- opiate addiction lasting at least one year and current physical dependence;

- previous detoxification attempts;

- written consent for inclusion on the MMP;

- minimum age of 18 years;

- permanent residence in the region where a drug prevention and rehabilitation

centre islocated;

- addict’s own choice of his or her doctor;

- health insurance.

The addict must meet with her or his counsellor (chief consultant) at least once a
week and/or receive one of the forms of psychosociotherapy.

Methadone dispensing units are outpatient clinics with a general practitioner or
pharmacies. They need not be situated within Centres for drug prevention or the
treatment of drug addicts.

Methadone may only be prescribed by the addict’ s chosen doctor who receivesthe
corresponding license from a Centre for the Prevention and Treatment of Drug
Addiction after completing an educational programme organized by the Ministry of
Health.

Other doctors may only prescribe methadone to the addict in the absence of his
doctor and in agreement with him.

The addict’ s doctor may authorize a doctor at a drug prevention and rehabilitation
centre, or his colleague at the community health centre, to prescribe and dispense
methadone to the addict and to apply other necessary therapeutic measures if that
arrangement is more effective for the addict on the programme or for the organization
of work.
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Methadone is administered in the form of a solution mixed with fruit juice, and is
taken daily in the presence of anurse, preferably agraduate from nursing college. The
addict may take methadone at home only over weekends and during national holidays,
but after three monthsthisis permitted for two daysif he or sheisnot using any illega
drug; after the next three monthsiit is allowed for three days, and after the next three
months for awhole week.

Theformation of the network of Centresfor the Prevention and Treatment of Drug
Addiction is considered a significant advance in the inclusion of dependent personsin
the assistance programmes.

The evaluation of the methadone maintenance programme was a study whose aim
wasto establish whether theformation of the basic network of centresfacilitated amore
rational implementati on of the methadone support programme, and to discover thelevel
of satisfaction among participants in the programme.

Methods
In 1995 the authors collected data on the quality of the programme using a
questionnaire; thisinquiry was repeated in April 1997.
Criteriafor more efficient trestment included:
- more people making contact with the medical service;
- non-use of other drugs by patients;
- participation of patients in a psychosociotherapeutic programme;
- cessation of sales of the drug;
- cessation of abuse of methadone;
- motivation for detoxification;
- the patient should be feeling better and more socialized, and should have a job.

Results and discussion

The 1995 questionnairewascompl eted by 267 patientsonthemai ntenance programme
(51% of al participantsintheprogramme), whilethe 1997 questionnairewascompl eted
by 729 clients (71.8% of all participants in the programme).

Among thoseincluded in the programme the number of mal e participantsincreased
from 77.7% to 80.0%. There was also an increase in the number of young people aged
up to 20 yearsincluded in the programme — from 16.4% to 21%, and a decrease in the
percentage of those between 30 and 40 years of age — from 19.3% to 16.4%. A dlight
change in the educational level of the participants was also noted.

The number of participantswho were regularly employed increased from 21.8% to
28%, whilethe number of those who worked part time decreased from 34.2% to 25.5%.

The average age of the clients when first taking drugsincreased from 16.6 to 17.3
years. Therewasalso ariseinthe number of patientswho had started taking drugs at the
age of 18.

The average interval between the first use of anillegal drug (in 87% of al cases,
marihuana) by the participantsin the mai ntenance programme and the use of heroinfell
from 4.4 yearsto 3.9 years.
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Previoudly patients used heroin for an average of 3.9 years before beginning the
methadone maintenance programme, while the current average is 3.0 years. The
proportion of those who would like to stop using illegal drugs immediately rose from
22.8% to 48.6%.

Inthefirst phase the structured implementation of the programme met the needs of
40% of the clients. That number has now grown to 70%. In addition, the programme
appeared was viewed as useful and beneficial to 86.5% of all patientsin 1995, and to
90.7% in 1997.

Too much
m1997
Enough 01995
Not enough —|
| | |
0 20 40 60 80
%

Figure 1: Amount of psychosocial therapy received

Conclusions

A low public self-imagein the eyes of patientsand their relatives, and al so of many
therapi sts contributing to the methadone mai ntenance programme, together with alack
of sufficient information, led the majority of patients taking part in the methadone
maintenance programmein Sloveniato request alow or unduly low dose. Half of them
regularly take heroin at least once a month, and another fourth occasionally. 75% of
them also drink al cohol (20% regularly), and 26% occasionally take cocaine. But three-
fourths are satisfied with the dose of methadone they take, and report satisfaction
because they are able to influence the dose.

In 28% of these cases, taking heroin leads to overdoses that are, fortunately, non-
fatal; only 4% involve fatal doses. The magjority of them continue to share theinjecting
equipment. Thereis, therefore, no reduction in risk behavior.

Psychological counselling, and the education of such patientsto becometherapists,
by teaching them counsel ling skills, can normalizethe use of methadoneasamedication.
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In these cases urine tests and the drinking of methadone solution under the supervision
of atherapist should only be necessary at the beginning of the programme.

However, with stable patients it is possible to make the transition to a tablet

prescribed by thetreating physician. Thisisavery important step in restoring the status
of the patient, with the aim social cohesion.

Not useful

Partially useful

m1997
01995

Useful

Very useful

| | |
0 10 20 30 40 50 60
%

Figure 2: Opinion regarding usefulness of the methadone maintenance program
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Treatment of Opiate Dependency: a Comment

Peter Vossenberg

TO THE EDITOR:

It would seem logical that comprehensive treatment, that addresses all aspects of
substance dependence, would be standard treatment. Much treatment for medical
disorders is based on research and experience. If, somewhere in Europe, you have
hypertension, you will probably get (more or |ess) the sametreatment, with an adequate
dosage of medication . If you are unfortunate enough to be dependent on, say, heroin,
the treatment given, and, indeed, the diagnosis, will differ between countries, even
between cities. Even though research shows that comprehensive treatment —which, in
my opinion, includes everything from proper diagnosisto rel apse prevention —works,
itisstill under discussion and, in some cases, under attack. Thisjournal may help, not
only to spread scientificinformation, but also to strengthen cooperation and, hopefully,
remove some of the arbitrary differencesin treatment.
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M ethadone asa M ood Stabilizer

Pier Paolo Pani?, Alessandro Agus!, Gian Luigi Gessa?

TO THE EDITOR: The positive effect of opioid agonistsin psychotic disordershas
repeatedly been hypothesized. M ethadone has been noted asinterfering positively with
depressive affects and psychatic rage (3); buprenorphine has been considered for its
antidepressant activity (2).

We report a case in which methadone seems to have arole in the treatment of a
bipolar mood disorder.

Mr. A wasadmitted to amethadone mai ntenancetreatment program (MM TP) at age
26, after three years of heroin addiction. Upon intake he exhibited major depression
(according with DSM-111-R), with anxiety, guilt and suicidal thinking, which subsided
within 10 days of treatment with methadone (50 mg/day). The MMTP, lasting three
years, was interrupted because of six months’ incarceration for old crimes. Mr. A was
readmitted to aMMTP two months after release, relating his heroin-relapse to a new
depressive episode begun while in prison. Major depression was again ascertained,
subsiding only with methadone treatment (40 mg/day).

After four years of heroin-free MMTP (morphinuria-results confirmed), Mr. A
requested detoxification, ashe had the chanceto commuteimpending imprisonment for
a therapeutic community programme. After a complete medical and psychiatric
evaluation, detoxification was started and accomplished within 7 days of in-patient
treatment with clonidine and benzodiazepines. At discharge, the patient started feeling
extraordinarily well, attractive and successful. This status evolved rapidly into mania
(according to DSM-1V), with euphoria, insomnia, delusions and hallucinations. Over
thenext two monthsthe patient wasrepeatedly hospitalized and treated with neurol eptics
and benzodi azepines. Whil eeuphoria, delusionsand hall uci nati onssubsi ded, restl essness,
nervousness and insomniaincreased. There were rapid mood shifts from dysphoriato
depression, and suicidal thoughts appeared. Mr. A started stating that only methadone
could give him relief. A mixed status was diagnosed (according to DSM-IV), and
treatment started with lithium and carbamazepine (serum concentration were 0.70 meg/
L and9.5ug/mL, respectively), aswell asclonazepam and clotiapine (6 and 80 mg/day,
respectively). After one month without improvement, Mr. A came to the service,

Address for reprints: Pier Paolo Pani, MD - SerT, AUSL 8, Cagliari, Italy
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claiming heroin use in the preceding three days in order to be allowed to re-enter the
MMTP. After toxicological urinalysis confirmation, he was re-accepted into the
programme and medicated with methadone (30 mg/day). In a few days his mood
improved, and anxiety, insomniaand dysphoriasubsided. Thisimprovement continued
withtheincreaseof thedaily doseto 50 mg. Uponfollow-up, two monthslater, hismood
was stable and the urine sampl eswere consi stently morphine-free. The patient was till
taking methadone (50 mg/day), clotiapine (40 mg/day), lithium and carbamazepine
(serum concentrations were 0.65 mEg/L and 9.4 pg/mL, respectively).

Theimprovement of depression and psychotic symptomsin patients on methadone
has been previously reported (3), as has the existence of psychosis during methadone
detoxification (1); thus methadone appears to share some characteristics of mood
stabilizerslike lithium or carbamazepine.

Our case seems to confirm the mood-stabilizing effect of methadone. Our patient
spent atotal of seven yearsin methadone maintenance and only one year out of it, both
polarities of mood disorder being concentrated within this short period of time and
resolvedrapidly onre-enteringtheMM TP. Thusmethadone may have played somerole
in preventing mood disorder rel apses.
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