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Abstract

Scientific information about the neurobiology of addictive behaviors provides an increasingly important rationale to sigport op
agonist pharmacotherapy, primarily methadone maintenance treatment, for long-term heroin addiction. In late 1963 and 1964, the
first research was performed at The Rockefeller Institute for Medical Research by Dole, Nyswander, and Kreek in an attempt to
develop a new pharmacotherapy for opiate addiction. The hypothesis underlying that research was that heroin addiction was a di
ease. However, the evidence for heroin addiction being a disease was based primarily on clinical anecdotes and tt@ynatural his
of opiate addiction. Until then chronic addiction was managed primarily using abstinence-based, medication-free behavioral
approaches. Such approaches were uniformly successful in only a small percent of long-term heroin addicts. Subseguent researc
both clinical research as well as laboratory-based research, using a variety of appropriate animal modelsirasitieliea$-

niques, has shown that drugs of abuse in general, and specifically the short-acting opiates, such as heroin, may peofoundly alt
molecular and neurochemical indices, and thus physiologic functions. Also, research has shown that after chronic exposure to a
short-acting opiate, these alterations may be persistent, or even permanent, and may contribute directly to the pegmtuation of
administration of opiates, and even the return to opiate use after achieving a drug-free and medication-free statenplédere is a
evidence now that disruption of several components of the endogenous opioid system, ranging from changes in gene expression to
changes in behavior, may occur during cycles of short-acting opiate abuse. Also, there are very convincing studies that sugges
stress responsivity is profoundly altered by chronic abuse of short-acting opiates including: documentation of atypispbhypo-re

sivity to stressors during cycles of heroin addiction; evidence of sustained hyper-responsivity to stressors in the fresgication-
illicit-opiate-free state; and in contrast, normalization of stress responsivity, as reflected by the hypothalamic-pitutdrsoes

function in long-term, methadone-maintained patients. Thus, both laboratory and clinical research studies provide firta-documen
tion that the disruption of physiologic, as well as behavioral, functions occurs during chronic administration of shoptiteting

Also, there is research evidence of an epidemiologic, and more recently of a molecular genetics type, that a genetig tallnerabil
develop addictions in general, and opiate addiction specifically, may exist, and that early environmental factors majoklter phy

ogy to enhance vulnerability to develop opiate addiction when self-exposed.
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THE INAPPROPRIATE USEOf mood-altering drugs character defect associated with criminal behav-
transcends the medical arena, and the health costs, which might be best managed outside of the
associated with such use are enormous. Mostedical realm. In short, drug dependency is often
important, it is the physician who is often the firstperceived as a socioeconomic or psychosocial,
person to have an opportunity to identify individ-rather than a medical, problem.
uals who either have the potential to become There is no question that the sociological, eco-
drug-dependent or are currently using mood-altemomic, and psychological factors leading to inap-
ing substances. Unfortunately, the conclusiompropriate use of mood-altering drugs are excep-
often made by those devoted to the study ofionally important, as is the need for increased
addictive behaviors is that physicians, who havéunding to prevent such use. However, recent evi-
been trained to be critical thinkers, lose this abildence unequivocally establishes the existence of
ity when dealing with patients who are addictedneurobiological determinants of both initial and
Too many physicians share the perception thagspecially continuing drug use. The initiation of
drug dependence, once developed, is primarily drug use is a voluntary, self-willed action.
Nonetheless, once this use continues, depending
on the specific drug, considerable change occurs
1Dean for Graduate Medical Education, Professor of Medlcmén the brain that, unless understood and addressed,
and Medical Education, Mount Sinai School of Medicine, NewmMakes it quite difficult, though obviously not
York, NY; and2Professor, Head of Laboratory, Senior ResearchmDOSSIble to provide effective treatment.
Physician, The Rockefeller University, The Rockefeller University As noted by Gardner (1), with the exception
Hospital, New York, NY. of hallucinogens, laboratory animals will volun-
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animals will continue to administer these sub TABLE 2 _

stances, often choosing them over food and wat Why People Use Mood-Altering Drugs
Although there are distinct differences betwee g .0, Site

euphoria- and/or dependence-producing druc

(Table 1), with the inability of drugs within one Euphoria (Pleasure) Nucleus accumbens (NAc)
group to adequately relieve withdrawal or “craving’ Ventral tegmental area (VTA)
for drugs in other groups, all of these agents ha\Fear of Withdrawal Locus ceruleus

one thing in common: they enhance the activity ¢
specific neurobiological circuits. These circuits arpryg craving Multiple brain sites
commonly described as the “brain reward system.’
It is generally believed that the more effica
cious the drug is at rapidly producing its pharme
cological actions at these sites, the greater i
potential for addiction. The actual molecular sites Neurotransmitters and Opioid Receptors
of action of many of these drugs have been well
categorized. Through imaging, microdialysis and The most prominent neurotransmitters and
guantitative autoradiography, as well as otheneuropeptides in this process are dopamine, sero-
techniques, including genetic cloning, many oftonin, glutamate, gamma-aminobutyric acid, and
these initial sites of drug action have been welthe endorphins (or endogenous opioids) (2-4).
established, as have the involved neurotransmiDopamine is credited with playing the primary
ters, or neuropeptides. The effects of these subele in producing most of the euphoria seen with
stances of abuse on the reward system of theocaine, nicotine, alcohol, and other stimulants,
brain have been able to explain, in part: the cliniand is known to contribute to the positive rein-
cal phenomena of the pleasure often associatddrcing effects of heroin and other opiates (4-—6).
with use of these drugs; the persistent craving thathe intensity of euphoria expressed with cocaine
causes the chronic drug user to continue takingas been shown in one study to be proportional to
the drug; and some of the reasons for both earlghe percentage of dopamine transporters blocked
and late physiological syndromes of withdrawalby the drug (7). Rapidly decreasing levels of
when specific drugs, such as opiates or alcohodopamine following stimulant use are also
are abruptly discontinued (Table 2). believed to be responsible for the “crash”
observed in outpatient, but not in stress-mini-
mized, inpatient settings when these drugs are
discontinued. Very recently, studies were con-

TABLE 1 ducted in a molecularly altered “transgenic”
Dependence-Producing Drugs mouse model in which the dopamine transporter
Group Examples gene 'had been deleted (a i‘knoc_k-out" mpdel). A
situation was thus created in which cocaine could
Alcohol — Sedatives — Alcohol, barbiturates, chloral Not cause increases in extracellular fluid levels of
Hypnotics — Minor hydrate, meprobamate, dopamine by blocking the transporter; this in turn
Tranquilizers benzodiazepines removed the putative “rewarding” effect of
Hallucinogens Lysergic acid and hallucino- dOpamm? _Surges' These amma!s were foun(_j to
genic amphetamines, mesca- S€lf-administer cocaine as readily as the “wild
line, peyote, khat type” mice with intact dopamine transporters (8).
. . One major type of opioid receptor, namely the
Marijuana Marijuana mu receptors, has been shown to be responsible

Opiates and Opioids Agonists: morphine, opium, for th? primary action, including the eUph_Or_la
heroin, codeine, meperidine, experlenced_by many, but not all, when opioids
methadone such as heroin are self-administered. Correspond-
Partial agonist: buprenorphine ingly, it is felt that the kappa opioid receptor is
Agonist-antagonists: butor- — ragngnsible for dysphoria, rather than euphoria,
phanol tartrate, pentazocine . .. .

and may play a role in opioid withdrawal,

Stimulants Amphetamines, cocaine, although recent studies have shown that natural
methylphenidate, weight- kappa receptor-directed ligands, the dynorphins,
reducing drugs do not cause dysphoria and may augment, not

oppose, mu receptor-directed events (9—-11).

i Gl leaning fluid : ) ; .
Volatile Solvents Les, some cleaning fiulds Endorphins, dynorphins, and enkephalins, in
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response to other drugs such as alcohol and stimruch more slowly than does heroin, and it also
ulants, are believed to play a role in drug-rewardprovides a sustained perfusion of agonist, allowing
ing effects and also dependence, including alcahe brain to compensate for the deleterious effects
hol dependence, when this occurs. Thigfthe short-acting, rapid onset and offset of heroin,
phenomenon may explain the observed benefit aind it does so without producing euphoria.
naltrexone in decreasing the craving for alcohol.
Cells in the locus ceruleus that secrete norepi- The Tolerance Threshold
nephrine have been demonstrated to be responsi-
ble for part of the withdrawal phenomena seen Equally important is an understanding of the
with sudden discontinuation of opioids, whichclinical phenomena of euphoria, tolerance, and
results in an outpouring of norepinephrine. How-withdrawal with respect to the opioids. It has been
ever, this “noradrenergic cascade” does notlemonstrated repeatedly that an individual depen-
explain many of the acute and subacute phenonglent on an opioid to which he/she has become tol-
ena of withdrawal, or any of the signs and symperant has developed a tolerance threshold that, if
toms of protracted abstinences. Similarly, seroexceeded too rapidly or too far, can produce
tonin (5-HT) has been related not only toeuphoria and, if very rapidly and very far, an over-
impulsiveness and appetite, but also to deperdose. Correspondingly, if this tolerance threshold
dence and craving. With respect to signal transis diminished too rapidly, withdrawal can occur.
duction, while opiates acutely inhibit the cyclic However, when an individual is at his/her tol-
adenosine 3’5’ monophosphate (cCAMP) pathwayerance threshold to an opioid, normal cognitive
at time of administration, chronic use results in arand motor functions are maintained and, unless an
upregulation of the cAMP pathway. Abrupt cessaopioid antagonist is administered to produce with-
tion of opiate use leaves an upregulated, unomrawal, it is quite difficult, if not impossible, to
posed pathway, which in the locus ceruleus resulidetermine that the individual is taking an opioid
in an increased firing of these cells, and with{14—-16). This phenomenon explains why indi-
drawal (4, 12). There is no question that as neuradduals with chronic pain syndromes who are
science continues to advance, additional neuranaintained on opioids at just above the tolerance
transmitters and receptor sites will be identifiedthreshold, and at a level that relieves the pain but
and the understanding of molecular and celluladoes not cause euphoria, function quite normally,
bases of addiction will become increasingly clear. and why individuals on long-acting opioid agonist
maintenance therapy for opiate (primarily heroin)
The Role of Pharmacokinetics addiction with an appropriate agent (e.g.,
methadone or l-alpha-acetylmethadol) can lead
Parallel to the advances in neurobiology, conproductive and fruitful lives without any long-
tinued work on the pharmacokinetics of drugs oterm risks from such therapy. Failure to under-
abuse has helped explain the clinical phenomenastand this not only has resulted in the concept of
with respect to choice of drugs of abuse. Asmaintenance therapy being derided and often
reviewed by Nutt and Uhl et al. (3, 5), the goal ofrejected by those in the health professions but,
the drug user is to increase the rate of delivery aéqually important, it has resulted in patients in
the drug to the brain. This explains why a heroirchronic pain suffering needlessly.
user may progress from smoking heroin, to snort-
ing and then to injecting heroin intravenously. Heroin Addiction
Similarly, cocaine use provides little immediate
effect when coca leaves are chewed, but consider- Keeping this in mind, it is now appropriate to
able euphoria when freebase “crack” cocaine iseview the course of addiction of a person who
smoked or when cocaine is injected intravenoushbecomes dependent on heroin. Since heroin is a
An understanding of the pharmacokinetics of theelatively short-acting drug and the initial goal is
euphoria produced by such drugs, especiallyo achieve euphoria, it is necessary to inject the
heroin, which have a very rapid onset and shorirug several times a day. Each time the drug is
duration of action, becomes essential when disinjected, the heroin rapidly occupies the opiate
cussing the concept of maintenance for opioideceptors and produces its effects. However, with
dependency and in understanding the appropriatepeated injections, tolerance does develop.
drugs to use in the pharmacologic therapy for th&ince the goal is euphoria (a “high”), the individ-
addictions (13). For example, a drug such asal self-administers a progressively larger quan-
methadone has a very slow onset and long duratidity of heroin. As a result, the heroin user is
of action. It thus occupies the opioid receptorgarely normal (in a “straight state”) either physio-



378 THE MOUNT SINAI JOURNAL OF MEDICINE October/November 2000

logically or behaviorally. Dole et al. (14), human correlate of this is the former heroin addict,
describe the user as euphoric when “high.” Thiglrug free for a long period, suddenly feeling a
state is followed by sedation and withdrawal signgraving to inject heroin when entering an environ-
and symptoms which render the individual incadnent where he/she had previously taken heroin.
pable of functioning. When the “high” dissipates
and the heroin level starts to drop below the toler- Maintenance Therapy
ance threshold, withdrawal develops, associated
with a “drug craving” to relieve the symptoms of If one accepts the neurobiological explana-
anxiety, tremors, perspiration, muscle and bon#ons for drug dependence, as well as the observa-
pains, and nausea that comprise withdrawal. Drugon that persistent neurobiological abnormalities
craving also persists long after the acute withean be demonstrated after the drug has been dis-
drawal symptoms have dissipated in persons whoontinued, one can then see why opioid agonist
attempt abrupt discontinuation of use. In factmaintenance therapy becomes an effective
such drug hunger persists in persons after detoxifapproach to addressing heroin addiction. It
cation, regardless of the technique used (16). should be emphasized, however, that maintenance
It can therefore be seen that chronic use otherapy does not have to, nor should it, be used to
short-acting opioids such as heroin is responsibléhe exclusion of other forms of support, including
for alterations of neurobiological systems, which incounseling, education, training and, perhaps most
turn are responsible for both euphoria and withimportant, developing an understanding as to why
drawal symptoms (13, 14). It has been demondrug use was initiated to begin with. All of these
strated by Kreek (15, 16) that such alterations peforms of support complement maintenance and
sist even following complete withdrawal of the should be pursued simultaneously.
opioid, clinically manifested by the persistent drug In a review of the objectives of opioid agonist
craving considered responsible for the high relapsemaintenance therapy (Table 3), the obvious
rate seen in individuals who have been detoxifiedmmediately comes to mind. Drug craving should
from heroin (15, 16). This observation has led tdbe eliminated, opioid withdrawal should not
the hypothesis that these alterations in neurobiobccur, and normal physiologic functions should
ogy and physiology, caused by chronic, long-ternbe restored. However, unless continuing or recur-
use of a short-acting opioid drug, may result in perrent heroin use can be prevented, maintenance
sistent craving and drug-seeking behavior (15, 16jherapy will be of little value. Prevention of
In no way does this hypothesis negate the benefireroin use is accomplished through maintaining a
cial effects that may accrue from social rehabilitatolerance threshold sufficiently high to prevent
tion, psychological counseling, and behaviorakuphoria from occurring, even if heroin is
modification; rather it supports the now proveninjected, through the mechanism of tolerance and
therapeutic approaches combining appropriateross-tolerance (14).
pharmacotherapy, using a mu opioid receptor ago- In identifying a specific agent for mainte-
nist, along with counseling, and behavioral anchance therapy of heroin addiction, certain charac-
other medical care as needed. This hypothesis also
does not address the question as to why a person
would initiate heroin use in the first place, althougt
a preexisting vulnerability to develop addiction
after self-exposure may exist due to genetic an Prevent opiate or other drug withdrawal (if a characteristic of
environmental factors. However, it does explair a specific drug)
why in many individuals, such rehabilitative efforts
without concomitant pharmacotherapy, althougl

TABLE 3
Objectives of Maintenance Therapy

Prevent drug craving or drug hunger

their efforts are quite appropriate and intensive Normalize physiologic function
may not be sufficient to maintain a state of absti
nence from illicit use of drugs. Maintain at tolerance threshold to prevent euphoria

Indeed, in a laboratory model, it has beet
shown that withdrawal symptoms can be produce
in an animal following exposure to a conditionec
stimulus, if it had been previously dependent upo Allow psychologic and sociologic issues leading to drug use to
opioids, but maintained in a drug-free state fo be addressed by appropriate behavioral and other techniques
months; when the animal had been dependent «
opioids and was given an antagonist drug, th
same situation produced withdrawal (17). The

Prevent continued or recurrent use of illicit opiates or other
targeted drugs of abuse

MAINTAIN ABSTINENCE, THAT IS, BE FREE OF
ILLICIT USE OF DRUGS
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teristics are essential (Table 4) (15). First, th
medication must be effective after oral adminis
tration. Utilizing a parenteral agent carries with i
the reinforcement of the conditioned response

related to intravenous self-administration tha
existed with heroin use. Second, the medicatic
must have a long biological half-life so that ar
individual neither focuses on taking this sub
stance more than once a day nor becomes exc
sively concerned when a dose is missed. Thin
there must be minimal side effects associated wi
administration of the medication and no seriou
adverse effects. Fourth, the medication must t
easy to use for a substantial percentage of persc
addicted to heroin. Based on these objective
therefore, the legalization of heroin or the estak
lishment of heroin maintenance, irrespective o
any moral issues, would be completely inappro
priate (13, 15) (Table 5).

Methadone Maintenance

In reviewing these requirements, Dole et al
concluded in 1964 that the best and, at that tim:
only available synthetic opioid substance meetin
such characteristics was methadone (Table ¢
(14). Subsequently, a second agent, levo-alph
acetylmethadol [LAAM], a congener of
methadone which has an even longer half-life i
humans (15, 16), was studied and approved, al
utilized in treatment by the FDA. In fact, at that
time, methadone was being used to treat chron
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TABLE 5
Heroin Versus Methadone*
Heroin Methadone

Route of Administration  Intravenous Oral
Onset of Action Immediate 30 minutes
Duration of Action 3—6 hours** 24 —-36 hours
Euphoria First 1-2 hours  None

(if appropriate

dose used)

Withdrawal Symptoms After 3—4 hours  After 24 hours

* Effects of high dosages of drug or therapeutic agent in tol-
erant individuals.
** Includes action of major metabolite, morphine.

TABLE 6
Characteristics of Methadone in Maintenance Therapy

Highly Effective Orally
Bioavailability — 70—-90%
Plasma levels in 30 minutes — peaks 2—4 hours
Steady state for 24 hours
Minimal withdrawal symptoms if dose is missed

Minimal Side Effects
Sweating 50%
Constipation 20%

No serious side effects at 25 years follow-up

Effectiveness
Successful in cessation of illicit opiate use — 60—90%

Dose dependent

Cost effective

cancer pain. This is not surprising, since the
same characteristics that made methadone attre
tive for maintenance therapy made it equally

attractive for its use with chronic pain. Dole et al.

TABLE 4
Profile for a Potential Pharmacotherapeutic Agent for
Treatment of Addiction

1. Effective after oral administration
— Minimal systemic bioavailability after oral admin-
istration > 35%
— Optimal systemic bioavailability after oral admin-
istration > 70%

. Long biological half-life in humans
— Plasma apparent terminal half-life > 20—24 hours
— Specific receptor occupancy of > 20—24 hours

. Minimal side effects during chronic administration

. Safe, i.e., no true toxic or serious adverse effects

the disorder (But does not need to be 90— 100%;
be suitable for a small subset only — 15—20%)

may

demonstrated that methadone could be adminis-
tered orally in a single daily dose, rather than
3—4 times a day. Subsequent studies showed that
methadone has a duration of action in humans of
24—-36 hours as contrasted with the 4-6 hours of
heroin and morphine (14, 15). Furthermore, it
was demonstrated that those patients who were
placed on methadone with an initial dose of
20-40 mg/day and a stepwise dose increase of
5-10 mg every 4—7 days until a dose of 80—120
mg was reached, developed a tolerance threshold
which other opioids could not overcome (14).
The higher the dose of methadone, the greater the
“blocking” effect of euphoria from heroin and
other short-acting opioids. Furthermore, these
investigators found that when a patient was being
maintained on methadone, intravenous injection
of comparable doses of methadone or of any other

- Efficacious for a substantial percentage of persons withgpioid tested were not associated with any nar-

cotic effect, including respiratory depression or
euphoria.
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