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Cocaine abuse is a serious health problem in many areas of the world, yet thereAbstract
are no proven effective medications for the treatment of cocaine dependence.

Preclinical studies suggest that the reinforcing effect of cocaine that promotes
its abuse is mediated by blockade of the presynaptic dopamine transporter. This
results in increased dopamine activity in the mesolimbic or meso-accumbens
dopamine reward system of brain. Development of new medications to treat
cocaine dependence has focused on manipulation of this dopamine system, either
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by direct action on dopamine binding sites (transporter or receptors) or indirectly
by affecting other neurotransmitter systems that modulate the dopamine system.
In principle, a medication could act via one of three mechanisms: (i) as a substitute
for cocaine by producing similar dopamine effects; (ii) as a cocaine antagonist by
blocking the binding of cocaine to the dopamine transporter; or (iii) as a modula-
tor of cocaine effects by acting at other than the cocaine binding site.

The US National Institute on Drug Abuse has a Clinical Research Efficacy
Screening Trial (CREST) programme to rapidly screen existing medications.
CREST identified four medications warranting phase II controlled clinical trials:
cabergoline, reserpine, sertraline and tiagabine. In addition, disulfiram and
selegiline (deprenyl) have been effective and well tolerated in phase II trials.
However, selegiline was found ineffective in a recent phase III trial.

Promising existing medications probably act via the first or third aforemen-
tioned mechanisms. Sustained-release formulations of stimulants such as methyl-
phenidate and amfetamine (amphetamine) have shown promise in a stimulant
substitution approach. Disulfiram and selegiline increase brain dopamine concen-
trations by inhibition of dopamine-catabolising enzymes (dopamine-β-hydroxy-
lase and monoamine oxidase B, respectively). Cabergoline is a direct dopamine
receptor agonist, while reserpine depletes presynaptic stores of dopamine (as well
as norepinephrine and serotonin). Sertraline, baclofen and vigabatrin indirectly
reduce dopamine activity by increasing activity of neurotransmitters (serotonin
and GABA) that inhibit dopamine activity.

Promising new medications act via the second or third aforementioned mech-
anisms. Vanoxerine is a long-acting inhibitor of the dopamine transporter which
blocks cocaine binding and reduces cocaine self-administration in animals. Two
dopamine receptor ligands that reduce cocaine self-administration in animals are
also undergoing phase I human safety trials. Adrogolide is a selective dopamine
D1 receptor agonist; BP 897 is a D3 receptor partial agonist.

A pharmacokinetic approach to treatment would block the entry of cocaine into
the brain or enhance its catabolism so that less cocaine reached its site of action.
This is being explored in animals using the natural cocaine-metabolising enzyme
butyrylcholinesterase (or recombinant versions with enhanced capabilities), cata-
lytic antibodies, and passive or active immunisation to produce anti-cocaine
binding antibodies. A recent phase I trial of a ‘cocaine vaccine’ found it to be well
tolerated and producing detectable levels of anti-cocaine antibodies for up to 9
months after immunisation.

1. Scope of the Problem spread evenly around the world. Two-thirds (67.9%)
of cocaine users live in the Americas (47% in North

Cocaine use and misuse represent a significant America) and another fifth (20.9%) in Western Eu-
global public health problem. The United Nations

rope. In contrast, only 3% live in Asia and Oceania.
Drug Control Program (UNDCP) estimates that co-

Especially detailed information about the extentcaine use affects about 13.4 million people (0.3% of
of cocaine use and its consequences is availablethe global population above age 14 years), making it
from the US. The National Household Survey onthe second most common illegal drug of abuse in

terms of treatment demand.[1] This problem is not Drug Abuse[2] estimated in 2001 that 27 788 000
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Americans had used cocaine at least once in their ance coverage and price resistance by government
funders.lifetime, 4 186 000 had used it in the past year,

1 676 000 had used it in the past month and 756 000 This article describes the potential leads to effec-
tive medication provided by the increasing know-were dependent on cocaine (by US psychiatric crite-
ledge of the neuropharmacology of cocaine, andria[3]). These estimates are based on interviews with
then briefly reviews those medications currentlya stratified random sample of 68 929 non-institu-
undergoing clinical evaluation.tionalised individuals 12 years or older designed to

be representative of the US population. That same
2. Approaches to the Problemyear a survey of over 500 acute care hospitals esti-

mated that 193 034 cocaine-using patients visited
hospital emergency departments in 2001, a rate of 2.1 Pharmacological Strategies
76 visits per 100 000 population.[4] A 1999 survey of

In principle, at least four pharmacological ap-publically funded substance abuse treatment pro-
proaches might be useful in the treatment of cocainegrammes in the US found almost a quarter of a
dependence.[6,7] First, substitution treatment with amillion (218 311) patients seeking treatment for co-
cross-tolerant stimulant might suppress withdrawalcaine abuse.[5] In addition to the direct effects of
symptoms and cocaine craving and/or make patientscocaine, cocaine use contributes to other health
tolerant to acute reinforcing effects of cocaine. Thisproblems, such as the spread of infectious diseases
is analogous to methadone maintenance treatment(e.g. HIV, hepatitis C and tuberculosis).
for heroin dependence or nicotine replacement ther-

These epidemiological data illustrate the continu- apy for tobacco dependence. Compounds that mimic
ing need for effective treatment for cocaine depend- the effects of cocaine should have a slow onset of
ence. More than two dozen medications developed action (and slow binding to site of action) to mini-
and marketed for other indications have been evalu- mise substance abuse liability.[10] Secondly, an an-
ated as treatment for cocaine dependence (for re- tagonist medication that blocks the binding of co-
views, see Gorelick[6,7] and de Lima et al.[8]). Yet, caine to its site of action might lead to extinction of
after almost two decades of research, there is still no cocaine-taking behaviour because cocaine would no
well established, effective medication for the treat- longer be rewarding. This is analogous to naltrexone
ment of cocaine dependence, nor is any medication treatment for heroin dependence (naltrexone being a
approved for this indication by any national medica- long-acting antagonist at the opioid μ receptor at
tions regulatory authority (such as the US FDA). which heroin acts). Thirdly, a medication might act
One factor contributing to this lack is the relatively at other sites to functionally antagonise the effects of
small amount of drug development activity for this cocaine, leading to a reduction of reinforcing effects
indication by pharmaceutical companies, especially of or craving for cocaine. Because cocaine is consid-
large multinational companies. In addition to per- ered to exert its reinforcing effect primarily by in-
ceived inadequacy of the science base, several mar- creasing dopamine activity in the brain mesocor-
ket barriers have been identified as contributing to ticolimbic ‘reward’ circuit, this approach might be
the dearth of activity by pharmaceutical compa- implemented by influencing brain dopamine ac-
nies:[9] (i) the small and uncertain market for cocaine tivity, either by direct action on dopamine binding
dependence pharmacotherapy, because of uncertain sites (see section 3.1) or by affecting other neuro-
market penetration and poor patient compliance; (ii) transmitters that modulate dopamine activity (see
a substance abuse treatment system that limits ac- section 3.2).[11,12] This is analogous to naltrexone
cess to the market because of limited physician treatment for alcoholism (alcohol does not act di-
involvement and anti-medication attitudes among rectly on the opioid μ receptors blocked by naltrex-
non-physician clinicians; and (iii) limited and uncer- one, but its effects are influenced by endogenous
tain payment for medication because of poor insur- opioid activity). Fourthly, cocaine pharmacokinetics
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could be altered so that less drug reached the brain taking. These are triggers that can provoke relapse to
or remained at its site(s) of action in the brain (see drug taking in humans.
section 6). 3. The conditioned place preference model uses

Preclinical research has focused on several ap- Pavlovian conditioning to model drug craving (for
proaches to these goals: (i) development of more review, see Tzschentke[16]). Animals are tested
selective ligands for the presynaptic dopamine (when free of drug) to determine whether they prefer
transporter, the presumed major site of action for an environment in which they previously experi-
cocaine in producing dependence, and for the sever- enced drug as compared with another environment.
al subtypes of dopamine receptors; (ii) manipulation 4. The drug discrimination model assesses the de-
of other neurotransmitter systems that influence the gree to which the subjective effects of one drug
dopaminergic reward system; (iii) prevention or resemble the subjective effects of another drug (for
amelioration of consequences of actions of cocaine; review, see Colpaert[17]). The animal is trained to
and (iv) alteration of cocaine pharmacokinetics to make one response when drugged (e.g. with co-
reduce brain concentrations. caine) and another when given inactive vehicle. It is

used in anti-addiction drug development to evaluate
2.2 Animal Models whether a putative therapeutic agent enhances or

diminishes the overall subjective state induced by
Preclinical animal models of cocaine dependence the addictive drug (e.g. cocaine).

and relapse are used to screen for potential clinically 5. The electrical brain stimulation reward model
effective anti-addiction medications. The true pre- assesses the degree of drug-induced enhancement of
dictive validity of any animal model is unknown brain reward in animals trained to respond for elec-
until an effective treatment medication is available trical stimulation of specific brain-reward loci, such
as a ‘gold standard’. as the ventral tegmental area, medial forebrain bun-

The following six behavioural models are com- dle, and nucleus accumbens.[18] This model is useful
monly used in preclinical research to develop new both to screen compounds for potential anti-addic-
medications for the treatment of cocaine (and other tive therapeutic properties and, conversely, to screen
drug) dependence.[13]

compounds for potential reward-enhancing proper-
1. Drug self-administration is the model with the ties, which might be predictive of addictive poten-
most face validity for human drug taking.[14] Labora- tial.
tory animals will work to self-administer addictive 6. The behavioural sensitisation (sometimes termed
drugs such as cocaine by a variety of routes of reverse tolerance) model refers to the progressive
administration. In a variant of this model, animals increase of behavioural responses to psychostimu-
will work to receive a sensory stimulus previously lants that develops during their repeated administra-
associated with drug administration (so-called tion, an effect that persists long after drug withdraw-
second-order reinforcement model). This has been al.[19,20] Locomotor sensitisation in rodents has been
considered an animal model of drug seeking. used as an animal model of the progressive intensifi-
2. The reinstatement model is considered a model of cation of drug-induced reward and/or incentive mo-
relapse to drug use after abstinence (for review, see tivation,[21] the latter perhaps relating to drug crav-
Shaham et al.[15]). Animals are trained to stable drug ing and relapse.
self-administration behaviour, and then the drug-
taking behaviour is completely extinguished. Re- 3. Drug Development Strategies
lapse to drug-taking behaviour is then provoked by
exposure to external stimuli. Three types of external A wide variety of compounds have been evalu-
stimuli reliably trigger relapse in this model – a ated for therapeutic potential, based upon current
single ‘free’ administration of drug, stress, or envi- knowledge (or belief) about the brain mechanisms,
ronmental stimuli previously associated with drug loci and neurotransmitter systems underlying drug

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)
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taking, drug seeking and/or relapse. A promising animals self-administering intravenous cocaine ap-
compound is considered one that reduces effects of pear to do so in order to maintain nucleus accum-
cocaine in animal models (e.g. self-administration, bens dopamine levels within a set range, with de-
conditioned place preference, reinstatement of drug creased nucleus accumbens dopamine triggering vo-
taking) at doses that do not disrupt other behaviours. litional self-administrations and increased nucleus
A promising compound should preferably not itself accumbens dopamine correlating with behavioural
be self-administered, suggesting that it has low indices of receipt of drug reward. Therefore, much
abuse liability. preclinical research has been devoted to pharma-

cotherapeutic strategies targeted on this dopamine
system.3.1 Direct Action on the Dopamine System

The addictive qualities of cocaine are believed to 3.1.1 Compounds Targeting the
Dopamine Transporterbe mediated primarily by its enhancement of activity

in the meso-accumbens dopamine system of the Primate, including human, studies show a posi-
brain. This enhancement occurs by cocaine binding tive correlation between dopamine transporter occu-
to presynaptic dopamine transporters and blocking pancy by cocaine and the positive reinforcing effects
the reuptake of dopamine, resulting in more dop- of cocaine, with at least 50% occupancy needed to
amine remaining in the synapse (for review, see produce an effect.[23,24] Reduction of cocaine self-
Gardner,[14] Wise and Gardner[22]). Evidence that administration in animals by dopamine transporter
this action mediates rewarding and reinforcing ef- blockers is also associated with their degree of trans-
fects of cocaine includes the facts that: (i) brain- porter occupancy, with at least 50% occupancy re-
stimulation reward is elicited specifically from quired to show an effect.[23]

dopaminergic loci within the meso-accumbens dop-
These findings suggest the potential of dopamineamine system; (ii) dopamine antagonists selectively

transporter blockers[25] with slow onset and longinhibit brain-stimulation reward at doses that have
duration of action to minimise abuse liability.no effect on motor performance; (iii) cocaine poten-
Selectivity in blocking the cocaine binding site with-tiates the rewarding effects of brain-stimulation re-
out affecting the dopamine site (thereby leavingward; (iv) the potencies of cocaine and cocaine-like
normal dopamine reuptake) is also desirable indrugs in animal self-administration studies correlate
minimising abuse liability.[26] A wide variety ofhighly with their potencies to bind to the dopamine
chemical structures have been used as templates intransporter but not to other presynaptic and post-
developing such a compound. These include co-synaptic binding sites; (v) cocaine is preferentially
caine analogues,[27] methylphenidate analogues,[26]

self-administered by animals into dopaminergic
tropanes,[28] benzatropine (benztropine) ana-brain loci as opposed to other brain loci; (vi) dop-
logues,[29] substituted piperazines[30] and in-amine-selective lesions of the nucleus accumbens
danamines.[31]

attenuate the rewarding effects of intravenous co-
Drugs that rapidly enter the brain and quicklycaine; (vii) dopaminergically selective pharmaco-

elevate nucleus accumbens dopamine levels appearlogical blockade enhances intravenous cocaine self-
to have high addictive potential.[32] Thus, the bestadministration at low doses (a compensatory effect,
candidates are compounds with slow onset and/orsimilar to the effect of decreasing the amount of
prolonged duration of action, which appear to confercocaine per infusion) and completely blocks it at
lower addictive potential. Table I lists promisinghigher doses; (viii) addictive drugs, including co-
compounds in this class and their effects in variouscaine, preferentially increase dopamine levels in the
animal models. One compound from this class,nucleus accumbens as opposed to other brain loci;
vanoxerine (GBR 12909), is currently undergoing(ix) self-administered cocaine preferentially ele-
clinical evaluation (see section 5).vates nucleus accumbens dopamine levels; and (x)

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)
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Table I. Potential anti-cocaine addiction compounds with direct action on the dopamine system

Compound Mechanism of action Effects Self- References

on cocaine action other administered?
(behavioural model)

PTT Dopamine transporter inhibitor ↓ (SA) ↑ ExDA, ↓ locomotion Yes 33-39
RTI 113
HD-23
Vanoxerine (GBR 12909)

SKF 77434 Dopamine D1 receptor partial ↓ (Discr), ↓ (SA), No 40-42
SKF 83959 agonist ↓ (Sens), ↓ (RS)

Adrogolide (ABT 431; D1 receptor agonist ↓ (SA), ↓ (RS) Yes 43,44
DAS 431)

Ecopipam (SCH 39166) D1 receptor antagonist ↓ (SA), ↓ (RS) No 12,45,46

Flupentixol D1/D2 receptor antagonist ↓ (Discr), ↓ (SA) EPS No 47,48

Haloperidol D2-like receptor antagonist ↓ (SA), ↓ (Discr), EPS, catalepsy No 12,49,50
Pimozide ↓ (Sens)
Eticlopride

BP 897 D3 receptor partial agonist ↓ (SA), ↓ (Sens), Catalepsy, sedative, No 51
↓ (Discr), ↓ (RS), binding to
↓ (2nd-Reinf) α1-adrenoceptors and

serotonin 5-HT1a

receptors

SB 277011 Selective D3 receptor ↓ (SA), ↓ (CPP), No EPS, no effect on No 52,53
antagonist ↓ (EBSR), ↓ (RS), feeding, no catalepsy

↓ (2nd-Reinf)
2nd Reinf = second-order reinforcement model; CPP = conditioned place preference model; DAT = dopamine transporter (reuptake pump);
Discr = drug discrimination model; EBSR = electrical brain stimulation reward model; EPS = extrapyramidal side effects; ExDA =
extracellular dopamine concentration in nucleus accumbens; PTT = 2β-propanoyl-3β-(4-tolyl)tropane; RS = reinstatement model; SA =
cocaine self-administration model; Sens = behavioural sensitisation model; ↓ indicates decrease; ↑ indicates increase.

3.1.2 Compounds Targeting Dopamine dependence (for reviews, see Gardner[57] and
Receptor Subtypes Volkow et al.[58]).
Another drug development strategy has been to D2 receptor ligands are no longer considered

focus on the dopamine receptor itself, of which there
promising candidates for drug development, despite

are five currently known subtypes.[54] Attention in
the role of D2 receptor-mediated mechanisms inanti-addiction drug development has focused chiefly
brain reward, cocaine self-administration and co-on the dopamine D1 and D3 receptor subtypes (see
caine-induced conditioned place preference (for re-table I). D1 receptor-mediated mechanisms are im-
view see Platt et al.,[12] Rothman and Glowa[25]). D2plicated in the substrates of brain-stimulation re-
receptor agonists are self-administered by animalsward, cocaine self-administration, cocaine-induced

conditioned place preference, and cocaine-induced and enhance the behavioural effects of cocaine. D2
neurochemical and behavioural sensitisation (for re- receptor antagonists (e.g. antipsychotics used to
view, see Platt et al.[12] and Rothman and Glowa[25]). treat psychosis) do not stop cocaine use in humans,
The D3 receptor, which is preferentially localised in even when taken in high doses,[59-62] and often cause
the mesolimbic dopamine system,[55] plays a role in clinically significant adverse effects such as dyspho-
emotional, motivational and reinforcement func- ria and abnormal movements.
tions, including the reinforcement produced by ad-

Table I lists dopaminergic compounds that havedictive drugs.[51] D3 receptor inhibition may activate
been studied preclinically. Three such compoundsthe meso-accumbens dopamine system,[56] which
are undergoing clinical evaluation (see section 5):has been postulated to be pathologically under-ac-
CEE 03310 (D1 receptor antagonist), adrogolidetive in drug addicts and individuals vulnerable to
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(ABT 431; DAS 431) [D1 receptor agonist] and gic brain substrates relating to drug-induced reward
BP 897 (D3 partial agonist). and relapse.[68]

Table II lists serotonergic compounds that have
3.2 Indirect Modulation of the been evaluated preclinically. Two compounds from
Dopamine System this class, ondansetron and sertraline, are being eval-

uated clinically (see section 4.4).
A wide variety of other neurotransmitter systems

synapse with and regulate and/or modulate activity
3.2.2 Compounds Targeting the Opioid System

in the dopamine brain circuits subserving brain re-
The endogenous opioid peptides regulate andward, associative learning related to dependence and

modulate dopaminergic function within the dop-relapse to drug-seeking behaviour.[63-65] These in-
amine brain reward system and its forebrain projec-clude serotonergic, endogenous opioid peptidergic,
tions.[81,82] Endogenous opioid neurons are found inGABAergic, glutamatergic, endocannabinoid and
the ventral tegmental area, nucleus accumbens andneuropeptide (especially cholecystokinin [CCK],
ventral pallidum, and may play a role in neuralneurotensin [NT] and corticotropin-releasing factor
mechanisms mediating drug craving in the absence[CRF]) systems. A promising drug development
of reward.[83]

strategy is to indirectly modulate the dopamine cir-
Endogenous brain opioids belong to four distinctcuits relevant to dependence by targeting these other

neurotransmitter families: the endorphins, en-neurotransmitter systems.
kephalins, dynorphins and endomorphins.[84-86]

3.2.1 Compounds Targeting the Serotonin System These endogenous opioid peptide neurotransmitters
Cocaine inhibits the presynaptic reuptake of sero- interact with three major classes of opioid receptors,

tonin and has a high affinity for the serotonin 5-HT3 i.e. μ, δ and κ. Endomorphins display extremely
receptor.[66,67] The meso-accumbens dopamine re- high affinity and selectivity for the opioid μ recep-
ward system is heavily innervated by serotonin af- tor, enkephalins for the opioid δ receptor, and dy-
ferents from the raphe nuclei both at the level of the norphins for the opioid κ receptor. β-Endorphin
ventral tegmental area and the nucleus accumbens. binds with about equal affinity to both opioid μ- and
Serotonin also regulates and modulates dopaminer- δ receptors. Activation of opioid μ- and δ receptors
gic function within the dopamine forebrain projec- enhances dopamine release in the nucleus accum-
tion systems. Thus, the serotonin system presents a bens and activates reward-related processes, where-
possible target for indirectly modulating dopaminer- as activation of opioid κ receptors inhibits dopamine

Table II. Potential anti-cocaine addiction compounds targeting the serotonin (5-HT) system

Compound Mechanism of action Effects Self- References

on cocaine action (behavioural other administered?a

model)

Tryptophan Serotonin precursor ↓ (SA) 69,70

Fluoxetine Serotonin transporter ↓ (SA), ↓ (EBSR), ↑↓ (Discr) No 71,72
Sertraline inhibitor

WAY 100635 5-HT1A receptor antagonist ↓ (SA), ↓ (RS) ↓ locomotion 73-75

Chlorophenylpiperazine 5-HT2C receptor agonist ↓ (SA), ↓ (Discr), ↓ (RS) ↓ locomotion 72,76,77
(MCPP)
MK 212
RO 600175

Tropisetron 5-HT3 receptor antagonist No effect in SA, Discr, CPP or ↓ locomotion 78-80
Ondansetron RS models

a Empty cells indicate no data available.

CPP = conditioned place preference model;  Discr = drug discrimination model; EBSR = electrical brain stimulation reward model; RS =
reinstatement model; SA = cocaine self-administration model; ↓ indicates decrease; ↑ indicates increase.
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Table III. Potential anti-cocaine addiction compounds targeting the opioid system

Compound Mechanism of action Effects Self- References

on cocaine action other administered?a

(behavioural model)

Naloxone Opioid μ receptor antagonist ↓ (CPP), ↓ (SA), ↓ (EBSR) Dysphoric, ↓ feeding, No 87-91
Naltrexone ↓ social interaction
Naloxonazine
β-Funaltrexamine

Naltrindole Opioid δ receptor antagonist ↓ (CPP), ↓ (SA), ↓ (EBSR), Dysphoric, ↓ feeding No 87,88,92
↓ (Discr)

Dynorphin Opioid κ receptor agonist ↓ (CPP), ↓ (SA), ↓ (EBSR), Dysphoric No 93,94
U 50488H ↓ (Sens), ↓ (RS) ↓ (DA)
U 69593

Buprenorphine Mixed (partial opioid μ receptor ↓ (SA), ↓ (RS), ↑ (EBSR), Yes/No 95
agonist and opioid κ receptor ↑ (CPP), ↑ (Discr)
antagonist)

a Empty cells indicate no data available.

CPP = conditioned place preference model; DA = dopamine; Discr = drug discrimination model; EBSR = electrical brain stimulation reward
model; RS = reinstatement model; SA = cocaine self-administration model; Sens = behavioural sensitisation model; ↓ indicates decrease; ↑
indicates increase.

release and produces aversion.[82,85] Candidate com- focused on two approaches for increasing GABA-
pounds which differentially target opioid μ-, δ- and ergic activity: (i) by inhibiting GABA transaminase,
κ receptors have been evaluated preclinically for the primary enzyme involved in catabolism of
possible utility as anti-cocaine medications. GABA; or (ii) by directly stimulating GABA recep-

tors with an agonist.[98,99]Table III lists preclinical findings with opioid
Table IV lists preclinical findings with GABA-compounds. Opioid μ receptor ligands, especially

ergic agents. Several GABAergic agents are under-agonists or partial agonists, appear most promising.
going clinical trials (see section 4.3).Buprenorphine (see section 4.8), a partial opioid μ

receptor agonist and opioid κ receptor antagonist,
and enadoline (CI 977) [see section 5], an opioid κ 3.2.4 Compounds Targeting the

Glutamate System.receptor agonist, are the only compounds evaluated
in humans. Several clinical trials suggest that high- Glutamate is an amino acid neurotransmitter that
dose buprenorphine reduces cocaine use (along with mediates most excitatory synaptic transmission in
opioid use) in patients abusing both cocaine and the mammalian brain. Glutamatergic regulation of
opioids. the meso-accumbens dopamine reward-related cir-

cuitry involves extensive inputs into the ventral teg-
mental area and the nucleus accumbens.[114,115] In3.2.3 Compounds Targeting the

GABAergic System addition, there are glutamatergic interconnections
within the meso-accumbens dopamine system. ThisGABA acts as an inhibitory neurotransmitter.
complex interconnected glutamatergic-dopaminer-GABAergic neurons modulate meso-accumbens
gic network (which also has GABAergic links) hasbrain reward functions via their heavy innervation
been proposed to constitute a ‘motive circuit’ whichwithin the ventral tegmental area and nucleus ac-
translates cortical information into adaptive behav-cumbens.[96] Activation of GABAB receptors on
ioural responses.[116] Functional dysregulation ofdopamine perikarya inhibits meso-accumbens dopa-
this circuit has been proposed as a neural substrateminergic reward functions.[97] These findings have
of drug dependence.[20,114,115]spurred the development of GABA-mimetic com-

pounds acting specifically at the GABAB receptor as Glutamate receptors are divided into two fami-
possible anti-cocaine medications. Much work has lies: the ionotropic and the metabotropic. The iono-
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tropic glutamate receptor family is further divided Such preclinical findings suggest a number of
potential pharmacotherapeutic targets. Normalisa-into three types: NMDA, α-amino-3-hydroxy-5-
tion (increase) in basal glutamate neurotransmissionmethyl-4-isoxasoleproprionate (AMPA) and kainate
during cocaine withdrawal and abstinence might bereceptors. The metabotropic glutamate receptor
helpful in relieving drug craving and relapse,[117]family is also divided into three types, each with
while a treatment that inhibits glutamate transmis-subtypes: metabotropic glutamate group I receptors
sion after re-exposure to cocaine might attenuate(containing the mGluR1 and mGluR5 receptor sub-
rewarding effects of cocaine and abort the initiationtypes), metabotropic glutamate group II receptors
of a cocaine binge.[118,121]

(containing the mGluR2 and mGluR3 receptor sub-
Table V lists preclinical findings with gluta-types) and metabotropic glutamate group III recep-

matergic compounds. Two NMDA receptor antago-tors (containing the mGluR4, mGluR6, mGluR7 and
nists are undergoing clinical evaluation (see sectionmGluR8 receptor subtypes).
4.5).

Glutamate is a focus of anti-cocaine medication
3.2.5 Compounds Targeting thedevelopment because neuroadaptations within the
Endocannabinoid Systemglutamate system may underlie some aspects of the
Another brain neurotransmitter system that syn-development of cocaine dependence or the incuba-

aptically connects with and modulates the meso-tion of relapse vulnerability. In general, acute co-
accumbens dopaminergic reward-related system iscaine administration has little effect on glutamate
the endocannabinoid system.[136,137] This systemneurotransmission. On the other hand, repeated co-
comprises several endogenous neurotransmitters/caine administration results in neuroadaptations in
neuromodulators, such as anandamide, which act on

glutamate neurotransmission in both the ventral teg-
cannabinoid CB1 receptors in the brain. Dronabinol

mental area and nucleus accumbens.[114-116] Among (Δ-tetrahydrocannabinol), the psychoactive constit-
these glutamatergic neuroadaptations is an enduring uent of marijuana, activates cannabinoid CB1 recep-
reduction in basal levels of nucleus accumbens tors, which results in activation of the meso-accum-
glutamate during cocaine withdrawal and markedly bens dopamine system.[138] A high-potency synthet-
enhanced glutamatergic transmission after re-expo- ic cannabinoid agonist, HU 210, triggers relapse to
sure to cocaine.[117-121] The increased responsiveness cocaine-seeking behaviour in rats withdrawn from
of the cocaine-withdrawn glutamate system to co- cocaine self-administration behaviour.[139] The
caine re-exposure manifests itself only in the pres- cannabinoid CB1 receptor antagonist rimonabant
ence of environmental cues that have been previous- (SR 141716A) blocks relapse to cocaine-seeking
ly associated with cocaine,[122] suggesting that it behaviour in the reinstatement model that is trig-
may constitute a neurobiological substrate of cue- gered by re-exposure to cocaine or to cocaine-asso-
triggered relapse. ciated environmental cues, but not relapse triggered

Table IV. Potential anti-cocaine addiction compounds targeting the GABAergic system

Compound Mechanism of action Effects Self- References

on cocaine action (behavioural other administered?
model)

Vigabatrin GABA transaminase ↓ (SA), ↓ (Sens), ↓ (CPP), ↓ (EBSR) Visual field defects No 100-103
inhibitor ↓ (DA), ↓ locomotion

Imidazenil GABAA modulator (partial ↓ (SA), ↓ (Discr) ↓ (DA), ↓ locomotion Yes 104-108
Diazepam agonist)

Baclofen GABAB agonist ↓ (SA), ↓ (DA), ↓ (CPP), ↓ (RS), No 109-113
↓ (Sens)

CPP = conditioned place preference model; DA = dopamine; EBSR = electrical brain stimulation reward; RS = reinstatement model;
SA = cocaine self-administration model; Sens = behavioural sensitisation model; ↓ indicates decrease; ↑ indicates increase.
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Table V. Potential anti-cocaine addiction compounds targeting the glutamate (excitatory amino acid) system

Compound Mechanism of action Effects Self- References

on cocaine action other administered?a

(behavioural model)

GPI 5000 (2-PMPA) Glutamate release ↓ (CPP), ↓ (Sens), ↓ (RS), 123,124
GPI 5693 (NAALADase) ↓ (SA)

NAC Cystine-glutamate ↓ (SA), ↓ (RS) Normalise basal glutamate 117
OTC exchange

Dizocilpine NMDA receptor ↓ (SA), ↓ (Sens), ↓ (CPP), Block normal glutamate Yes 125-128
Memantine antagonist ↓ (RS) transmission

LY 379268 MGluR2/3 receptor ↓ (SA), ↓ (Sens), ↓ (CPP), Dopamine release, No 129-131
agonist ↓ (RS) glutamate release

MPEP mGluR5 receptor ↓ (SA), ↓ (CPP), ↓ (RS) Short acting No 132-135
antagonist

a Empty cells indicate no data available.

2-PMPA = 2(phosphono-methyl)-pentanedioc acid; CPP = conditioned place preference model; Discr = drug discrimination model; ExDA =
extracellular dopamine concentration in nucleus accumbens; EBSR = electrical brain stimulation reward model; MGluR = metabotropic
glutamate; MPEP = 2-methyl-6-(phenylethynyl)-pyridine; NAALADase = N-acetylated-α-linked acidic dipeptidase; NAC = N-acetylcysteine;
OTC = L-2-oxothiazolidine-4-carboxylic acid; RS = reinstatement model; SA = cocaine self-administration model; Sens = behavioural
sensitisation model; ↓ indicates decrease; ↑ indicates increase.

by stress.[139] These findings suggest an important and generally decreases dopamine-mediated behav-
role for the endocannabinoid system in the neural iours.[142,143]

processes mediating relapse to cocaine-seeking be- The endogenous CCK system modulates both the
haviour and suggest that cannabinoid receptor ant- development and expression of cocaine sensitisa-
agonists are potentially useful anti-cocaine medica- tion.[143,144] CCK1, but not CCK2, receptor-mediated
tions in humans. However, no cannabinoid com- mechanisms in the nucleus accumbens play a key
pound is currently undergoing clinical evaluation role in the acquisition, but not expression, of
for the treatment of cocaine abuse. cocaine-conditioned behaviour.[142] Table VI lists

preclinical findings with CCK agents.
3.2.6 Compounds Targeting Neuropeptides

NeurotensinSeveral non-opioid neuropeptide neurotransmit-
ter systems are potential targets for anti-cocaine There are three NT receptor types in the mamma-
addiction pharmacotherapeutic agents, including lian brain: NT1, NT2 and NT3.[154] Their functions
CCK, NT, CRF and neurotrophic factors. remain poorly understood. The only known NT ago-

nists are modified subfragments of the NT peptide
Cholecystokinin itself.[155] Several non-peptide NT antagonists have

been identified, of which reminertant (SR 48692)CCK is the most widespread and abundant
and SR 142948A are the best characterised.[156,157]neuropeptide in the mammalian CNS.[140,141] Two

CCK receptors have been identified: CCK1 (pre- Substantial anatomical and functional interac-
viously known as CCK-A) and CCK2 (previously tions exist between the NT system and the meso-
known as CCK-B). CCK appears to be co-localised accumbens reward-related dopamine system.[158]

with dopamine within the meso-accumbens reward- NT cell bodies, which co-localise dopamine and
related circuit and to modulate nucleus accumbens CCK, are found preferentially in the ventral teg-
dopamine release. CCK1 receptor agonists excite mental area. They heavily innervate the basolateral
dopaminergic neuronal firing, enhance nucleus ac- amygdala and the bed nucleus of the stria terminalis
cumbens dopamine release and enhance dopamine- – areas implicated in cue-triggered relapse and
mediated behaviours. Activation of the CCK2 recep- stress-triggered relapse to cocaine-seeking beha-
tor decreases nucleus accumbens dopamine release viour, respectively. Most dopamine neurons in the
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ventral tegmental area express NT receptors, prima- istration, while inhibition of corticosterone de-
rily the NT1 receptor. NT neurons in the nucleus creases cocaine self-administration.[163] Acute
accumbens co-localise GABA and express D1, D2 cocaine withdrawal increases CRF release from the
and D3 receptors. NT appears to act as a modulator central nucleus of the amygdala,[164] and decreases
of dopaminergic function, rather than changing cell CRF-like immunoreactivity in the hypothalamus,
firing on its own. NT/dopamine co-release appears amygdala and ventral limbic forebrain.[165]

to serve as a limiting factor on dopaminergic trans- On the basis of these findings, anti-CRF com-
mission. pounds have been studied as potential anti-cocaine

Table VI lists preclinical findings with NT recep- medications. Table VI lists preclinical findings with
tor ligands. There has been no clinical evaluation of CRF antagonists. Indirect attenuation of hypothala-
NT ligands. mic-pituitary-adrenal (HPA) axis function with ke-

toconazole (blockade of cortisol synthesis) or dexa-
Corticotropin-Releasing Factor methasone (suppression of ACTH [adrenocortico-
CRF, or corticotropin-releasing hormone (CRH), trophic hormone] release) has not been effective in

is another neuropeptide that functions as a neuro- phase I clinical trials (see section 4.8). However,
transmitter and/or neuromodulator in the mammali- development of CRF antagonists remains an active
an brain.[159] There are six CRF receptors, divided area. One caution in developing CRF1-receptor ant-
into three families: CRF1, CRF2 and CRF binding agonists as anti-cocaine medications is the potential
protein (CRF-BP). The anatomical distribution of for abuse liability. At least one non-peptide CRF1-
CRF-containing neurons and of CRF receptors sug- receptor antagonist, antalarmin (a close analogue of
gests a role in the neural encoding of emotion and CP 154526), supports at least transient self-adminis-
stress,[160] and in mediating the hormonal and behav- tration by monkeys.[166]

ioural manifestations of stress.[161]

Brain Trophic FactorsIn animal models, stress plays an important role
in cocaine-seeking and cocaine-taking behaviour Neurotrophins, or neurotrophic factors, are tar-
and cocaine withdrawal. Stress increases self-ad- get-derived trophic factors which are crucial to the
ministration of addictive drugs, potentiates their re- growth, differentiation, survival and maintenance of
warding effects in the conditioned place preference neurons in the central and peripheral nervous sys-
model, triggers relapse to drug-seeking behaviour in tems.[167] One member of this family is brain-de-
the reinstatement model and reinstates extinguished rived neurotrophic factor (BDNF). In addition to its
electrical brain-stimulation reward.[159,162] Adminis- purely trophic functions, BDNF appears also to
tration of the stress hormone corticosterone facili- function as a neurotransmitter or neuromodulator in
tates the acquisition of psychostimulant self-admin- the mammalian CNS.[168] Chronic microinfusion of

Table VI. Potential anti-cocaine addiction compounds targeting neuropeptides

Compound Mechanism of Effects Self- References

action on cocaine action (behavioural model) other administered?a

Devazepide CCK1 antagonist ↓ (CPP), ↓ (RS), ↓ (Sens), ↓ (Discr) 142-146

LY 262691 CCK2 antagonist ↓ (RS), ↓ (CPP) ↓ (DA) 147,148
GV 150013
L 365260

CP 154526 CRF1 antagonist ↓ (SA), ↓ (CPP), ↓ (RS) ↓ locomotion Yes 149-153
CRH 9 41 (α-helical CRF)
D-Phe-CRF

a Empty cells indicate no data available.

CCK = cholecystokinin; CPP = conditioned place preference model; CRF = corticotropin-releasing factor; Discr = drug discrimination
model; RS = reinstatement model; SA = cocaine self-administration model; Sens = behavioural sensitisation model; ↓ indicates decrease; ↑
indicates increase.
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BDNF into the nucleus accumbens or ventral teg- ject receiving standardised weekly psychosocial
mental area enhances the initial stimulant effects of therapy. Outcome measures include urine ben-
cocaine, facilitates the development of cocaine sen- zoylecgonine concentration (benzoylecgonine being
sitisation and augments responding for a condi- the primary urinary metabolite of cocaine), self-
tioned reward.[169] Conversely, cocaine sensitisation reported cocaine use and structured observer ratings.
is significantly attenuated in heterozygous BDNF The CREST programme has tested 21 medica-
gene-deleted (‘knock-out’) mice.[169]

tions to date (table VII). Of these, four showed
These findings suggest a role for meso-accum- enough promise to undergo further clinical efficacy

bens dopamine system-associated BDNF in long- (phase II) trials: cabergoline, reserpine, sertraline
term adaptations of the brain to cocaine. BDNF and tiagabine. Several other marketed medications
protein levels in the mesolimbic reward-related dop- are being evaluated outside of the CREST pro-
amine system show progressive augmentation over gramme (table VIII), supported either by NIDA and/
a 90-day period following withdrawal from cocaine or pharmaceutical companies.
self-administration[170] which precisely parallels the
progressive incubation of vulnerability to cue-trig-

4.2 Dopaminergic Agentsgered relapse to cocaine-seeking behaviour over a
similar 90-day period.[171] The implication is that

Two dopaminergic agents, disulfiram and selegi-time-dependent increases in BDNF levels may lead
line (deprenyl), identified as promising by CRESTto synaptic changes that mediate progressively en-
programme are undergoing more extensive, mul-hanced vulnerability to relapse following the termi-
tisite, clinical efficacy (phase III) trials.nation of cocaine self-administration. Thus, BDNF

antagonists specific to the mesolimbic dopamine
system are promising candidates for anti-cocaine-
relapse medication. There has been no clinical eval-
uation of BDNF-related compounds.

4. Marketed Medications Undergoing
Clinical Evaluation

4.1 US National Institute on Drug Abuse
Clinical Research Efficacy Screening
Trial Programme

The US National Institute on Drug Abuse
(NIDA) has an active medication development ef-
fort for treatment of cocaine abuse. One component
of this effort is the Clinical Research Efficacy
Screening Trial (CREST) programme. The goal of
CREST is to rapidly and efficiently screen marketed
medications to identify those with potential efficacy
and safety that warrant further (and more expensive)
evaluation. This is accomplished by single-blind
testing of two to three medications and placebo at a
time in parallel groups of 15–20 patients each. Each
trial lasts 14 weeks (2 weeks baseline, 8 weeks
medication and 4 weeks follow-up), with each sub-

Table VII. Marketed medications evaluated for the treatment of
cocaine dependence by the medications development programme
of the US National Institute on Drug Abuse

Medications evaluated Medications found Medications in
by the CREST promising in the phase III trials
programme (phase II) CREST programme

Celecoxib Cabergoline Disulfiram

Ubidecarenone/ Reserpine Selegiline STS

levocarnitine Sertraline

Donepezil Tiagabine

Gabapentin

Ginkgo biloba

Ergoloid mesylates
(hydergine)

Hypericum

Lamotrigine

Levodopa/carbidopa

Olanzapine

Paroxetine

Pentoxifylline

Piracetam

Pramipexole

Riluzole

Valproate semisodium

Venlafaxine
CREST = Clinical Research Efficacy Screening Trial; STS =
selegiline transdermal system.
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Table VIII. Marketed medications being evaluated for the treatment of cocaine dependence

Medication US FDA-approved indication Mechanism of action Phase

Disulfiram Alcoholism Dopamine-β-hydroxylase inhibitor III

Selegiline Parkinson’s disease MAO-B inhibitor III

Cabergoline Hyperprolactinaemia Dopamine D2 receptor agonist II

Reserpine Hypertension Biogenic amine depletion II

Tolcapone Parkinson’s disease COMT inhibitor I

Baclofen Muscle relaxant GABAB receptor agonist II

Gabapentin Antiepileptic Enhanced GABA activity I

Valproate semisodium Antiepileptic, mood stabiliser Enhanced GABA activity II

Tiagabine Antiepileptic GABA reuptake inhibitor II

Topiramate Antiepileptic Enhanced GABA activity, glutamate receptor antagonist II

Vigabatrin Antiepileptica GABA transaminase inhibitor I

Ondansetron Antiemetic Serotonin 5-HT3 receptor antagonist II

Sertraline Antidepressant Serotonin transporter inhibitor II

Memantine Dementia NMDA receptor antagonist II

Isradipine Hypertension Calcium channel antagonist II

Citicoline Strokea Enhanced phospholipid synthesis I

Modafinil Anti-sleepiness Dopamine transporter inhibitor, enhanced glutamate activity II

a Not approved in the US.

COMT = catechol-O-methyl transferase; MAO = monoamine oxidase.

Disulfiram has been widely used for several de- should a patient not remain completely abstinent. A
cades in the treatment of alcoholism. Several studies recent human laboratory study found that 3 days of
found that at the commonly used dosage of pretreatment with disulfiram 250 mg/day signifi-
disulfiram 250 mg/day, it significantly reduced both cantly increased cocaine plasma concentrations and
cocaine and alcohol use in outpatients dependent on potentiated the tachycardic and hypertensive effects
both substances.[172,173] The reduction in cocaine use of intranasal cocaine (1 or 2 mg/kg).[178] Concern
might have been secondary to the reduction in alco- over the safety of the triple interaction among
hol use, because alcohol is known to trigger cocaine disulfiram, cocaine and alcohol has delayed initia-
craving and use.[174] However, three recent control- tion of a phase III clinical trial to confirm the effi-
led clinical trials found that disulfiram 250 mg/day cacy of disulfiram. A phase I clinical trial evaluating
significantly reduced cocaine use even among co- the safety of these interactions is being conducted
caine-dependent outpatients not also dependent on (A. Elkashef, personal communication).
alcohol (but with concomitant opioid dependence in Selegiline, marketed for the treatment of Parkin-
two studies).[175-177] One additional unpublished trial son’s disease, is an irreversible inhibitor of mono-
also found disulfiram to be better than placebo in amine oxidase (MAO). At the recommended dose of
reducing cocaine use [table IX; F. Vocci, personal 10 mg/day, it is selective for MAO-B, the predomi-
communication]. nant MAO type in brain, and does not substantially

A possible mechanism for beneficial effect of inhibit MAO-A, the predominant type in the gastro-
disulfiram is increased brain levels of dopamine intestinal tract. It is inhibition of MAO-A that leads
(and/or decreased levels of norepinephrine). This to serious adverse interactions (e.g. hypertensive
would be caused by inhibition of the enzyme dop- crisis) with tyramine-containing foods or catecho-
amine-β-hydroxylase, which catalyses the conver- laminergic medications. Phase I studies show that
sion of dopamine to norepinephrine. One caution to selegiline is well tolerated by cocaine users and may
the use of disulfiram is the possibility of adverse blunt the positive psychological effects of acute
interactions among disulfiram, cocaine and alcohol, cocaine administration.[179] Selegiline, administered
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Table IX. Clinical trials of disulfiram as treatment for cocaine dependence in patients without alcoholism

Study design (n) Cocaine-free urine samples (%) Reference

disulfiram placebo

All subjects on buprenorphine (20) 41 24 175

All subjects on methadone (67) 35 25 176

CBT vs 12-step vs clinical management (115) 55 40 Unpublished

CBT vs interpersonal therapy (121) 57 45 177

Weighted average of four studies (323) 51 38

CBT = cognitive-behavioural therapy; n = number of subjects.

as a transdermal patch to decrease the risk of inter- study as an antidepressant.[183] COMT is a major
action with foods or medication, was recently evalu- extraneuronal inactivator of catecholamine neuro-
ated in a phase III, multicentre, controlled clinical transmitters such as dopamine and norepinephrine.
trial involving 300 cocaine-dependent outpa- Thus, tolcapone would be expected to increase dop-
tients.[180] Patients received either selegiline 20mg amine levels and activity in the brain. Clinical use of
applied every 24 hours or a matching placebo for 8 tolcapone has been suspended in Europe because of
weeks. Preliminary analysis of the data suggested no cases of acute liver failure. A clinical trial of tol-
significant benefit of selegiline over placebo. capone-cocaine interactions in the US has been sus-

pended because of concern over liver toxicity (J.The mechanism by which selegiline might exert a
Mojsiak, personal communication).beneficial effect is not known. MAO-B catalyses the

breakdown of catecholamines, such as dopamine
4.3 GABAergic Agentsand norepinephrine, so that its inhibition by selegi-

line would increase brain catecholamine levels. Medications that increase brain GABA activity
Selegiline has a neurotrophic effect by stimulating are attracting interest because GABA is an inhibito-
synthesis of nerve growth factors, and may be ry neurotransmitter the activity of which inhibits
neuroprotective as a scavenger of free radicals and dopamine release and reduces the reinforcing effects
inhibitor of NMDA-mediated excitotoxicity. Final- of cocaine in animals[98,184] (see section 3.2.3).
ly, selegiline metabolites include amfetamine and Baclofen is a GABAB receptor agonist marketed as
metamfetamine, which may act as substitutes for a muscle relaxant. Baclofen 20mg twice daily re-
cocaine. duced cocaine craving and use in a small open-label

trial.[185] In a human laboratory study with experi-Three other marketed dopaminergic agents are
enced cocaine users, baclofen 10–20mg twice dailyundergoing phase II clinical trials. Cabergoline is a
for 7–10 days reduced video cocaine cue-inducedlong-acting D2 receptor agonist marketed for the
cocaine craving and cue-induced activation of ante-treatment of hyperprolactinaemia. It is currently be-
rior cingulate and amygdala brain regions (assesseding evaluated in a multicentre, controlled clinical
by positron emission tomography scanning).[98] Atrial at a dosage of 0.5mg twice weekly for 12
recent phase II controlled clinical trial found thatweeks.[181] Reserpine is a Rauwolfia alkaloid mar-
baclofen 20mg twice daily significantly reducedketed as an antihypertensive. It acts by depleting
cocaine craving and increased the proportion ofbiogenic amines (including dopamine, norepine-
cocaine-abstinent subjects, although other outcomephrine and serotonin) in presynaptic and other tissue
measures (e.g. proportion of cocaine-negative urinestorage vesicles. A recent controlled clinical trial
samples) showed no significant difference from pla-was halted early because of failure to show effi-
cebo.[186]cacy.[181] Tolcapone is a reversible inhibitor of the

enzyme catechol-O-methyl-transferase (COMT) Tiagabine is marketed as an adjunctive
which readily crosses the blood-brain barrier.[182] It antiepileptic drug. It acts as an inhibitor of presynap-
is marketed for Parkinson’s disease[182] and under tic reuptake of GABA to increase functional GABA
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activity in synapses. Two recent 10-week, placebo- significantly better than placebo in reducing cocaine
controlled clinical trials in methadone-stabilised co- use.[188,196]

caine users found that high-dose tiagabine (24 mg/
4.4 Serotonergic Agentsday), but not low dose (12 mg/day), significantly

increased the proportion of cocaine-free urine sam-
Ondansetron is a selective 5-HT3 receptor ant-ples compared with placebo.[187,188]

agonist marketed as an antiemetic. It is also being
Valproate semisodium enhances brain GABA ac- evaluated in a phase II controlled clinical trial. Ser-

tivity by one of several mechanisms, including in- traline is a selective serotonin reuptake inhibitor
creased synthesis, decreased metabolism and/or marketed as an antidepressant and anxiolytic agent.
potentiation of postsynaptic effects of GABA. It is A recent controlled clinical trial in depressed,
marketed as an antiepileptic drug and mood stabilis- cocaine-dependent outpatients found sertraline
er in mania. While earlier clinical trials were not 200 mg/day no better than placebo in relieving de-
promising,[189,190] two more recent studies using pressive symptoms or reducing cocaine use.[197]

higher doses (20 mg/kg/day) or achieved plasma
concentrations (>50 mg/L) have reported better suc- 4.5 NMDA Antagonists
cess.[191,192]

Activation of the NMDA type of glutamate (exci-Topiramate has a dual mechanism, both enhanc-
tatory amino acid) receptor enhances activity in theing GABA activity (by potentiating its effect on
brain dopamine reward system, while their blockadechloride ion channels) and acting as a glutamate
reduces such activity (see section 3.2.4) and reducesreceptor antagonist. It is marketed as an antiepileptic
cocaine-self-administration.[198] Clinical research ondrug. A recent controlled clinical trial found that
this treatment approach has been limited by theoutpatients taking topiramate 200 mg/day had sig-
unavailability, until recently, of NMDA antagonistsnificantly more cocaine-free urine samples than
that could be used in humans. Memantine is a non-those taking placebo, although both groups had few-
competitive, low-to-moderate affinity NMDA ant-er such samples than at baseline.[193]

agonist approved in the US for the treatment ofVigabatrin is a selective, irreversible inhibitor of
Alzheimer’s disease and in the EU for the treatmentGABA transaminase, a main enzyme metabolising
of various neurological disorders.[199] It is currentlyGABA. It is marketed outside the US as an an-
undergoing a placebo-controlled outpatient clinicaltiepileptic drug, but is not approved in the US be-
trial (phase IIb), although an earlier phase IIa studycause of concern over visual field defects. A recent
found that memantine 20 mg/day enhanced, ratheropen-label outpatient study in Mexico found that 8
than reduced, the psychological effects of co-of 20 subjects achieved sustained cocaine absti-
caine.[200]

nence of at least 4 weeks at a dosage of 2g twice
daily.[194] Three other subjects reduced their cocaine

4.6 Calcium Channel Antagonistsuse by at least 50%, while eight subjects dropped out
within the first 10 days. Phase I and IIa controlled Calcium channel antagonists have been studied
clinical trials in cocaine users are being planned. as treatment for cocaine dependence because of their

Gabapentin enhances GABA activity. It is mar- action in reducing cocaine-induced neurotransmitter
keted as an antiepileptic drug, and also widely used release and reinforced behaviours in animal studies,
as a mood stabiliser. An open-label outpatient trial and in preventing or reversing cocaine-induced defi-
found that gabapentin 800–2400 mg/day reduced cits in cerebral blood flow in humans.[201,202] Pre-
the number of cocaine-positive urine samples and vious open-label outpatient case series found that
increased the number of weeks of cocaine absti- several calcium channel antagonists (amlodipine,
nence.[195] However, two recent controlled clinical diltiazem, nifedipine) did not reduce cocaine
trials did not find gabapentin 1600 or 2400 mg/day use.[189,203]
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Much current research attention has focused on in non-cocaine stimulant abusers.[217,218] A recent
isradipine, a dihydropyridine-type (L-type) calcium open-label trial in 13 cocaine-dependent outpatients
channel antagonist marketed for hypertension. A found that modafinil 200 or 400 mg/day for 8 weeks
recent interaction study found that subacute pre- was well tolerated and significantly improved treat-
treatment with isradipine (30 mg/day sustained re- ment retention and reduced cocaine use when com-
lease for 4 days, followed by 15 mg/day immediate pared with 23 placebo-treated subjects in another
release for 3 days) reduced the acute psychological study.[212,219] A phase II controlled clinical trial
and blood pressure effects of a cocaine chal- found that modafinil 400 mg/day significantly in-
lenge.[204,205] A placebo-controlled clinical trial of creased the cocaine abstinence rate compared with
isradipine 2.5–5mg twice daily for 7 weeks found no placebo.[220]

significant reduction in cocaine use,[206] suggesting
that higher daily doses are needed for efficacy. 4.8 Other Medications

Buprenorphine is a partial opioid μ receptor ago-4.7 Stimulants
nist and opioid κ receptor antagonist (see section

Several research groups are working on a stimu- 3.2.2) that is marketed worldwide as an analgesic
lant substitution approach. Earlier studies using and for treatment of opioid dependence (both uses
standard formulations of marketed stimulants such relying chiefly on its action at the opioid μ receptor).
as amfetamine, methylphenidate and phenmetrazine Because of its addiction potential as an opioid μ
gave disappointing results, with patients sometimes receptor agonist, buprenorphine has been studied
reporting increased cocaine craving.[7] Recent con- clinically only in cocaine-abusing patients with
trolled clinical trials with amfetamine have been opioid dependence. Clinical studies suggest that
more encouraging, especially those using sustained- sublingual buprenorphine, at high doses of
release formulations.[207-209] Cocaine itself has been 8–16 mg/day, reduces cocaine use, as well as opioid
used in phase IIa clinical trials. Chronic exposure to use, in patients abusing or dependent on both.[221,222]

either oral cocaine (100mg four times daily for 10 Citicoline is marketed in Europe and Japan as a
days) or continuous 24-hour intravenous infusion treatment for ischaemic stroke and head trauma.[223]

(0.25–0.5 mg/kg/h, total dose 6 mg/kg) has been Development of citicoline for the treatment of stroke
well tolerated and reported to reduce the acute ef- has been halted in North America after disap-
fects of an intravenous cocaine challenge.[210,211] pointing results in a recent 12-week phase III clin-

Modafinil is a stimulant-like medication market- ical trial.[224] Citicoline is a naturally occurring
ed for the treatment of excessive sleepiness. Al- mononucleotide that serves as an intermediary in the
though its mechanism of action is not clearly under- biosynthesis of membrane phospholipids such as
stood, it does inhibit the dopamine transporter and phosphatidylcholine. Administration enhances the
enhance glutamate function.[212] Modafinil is self- incorporation of phospholipids into membranes and
administered by animals and partially discriminated activates biosynthesis of structural phospholipids in
as stimulant-like. In humans, it produces some stim- nerve cell membranes, potentially stimulating repair
ulant-like psychological effects which are distin- of cocaine-damaged nerve cell membranes. Acute
guishable from those of cocaine[213] and appears to treatment increases brain levels of dopamine and
have less abuse liability.[214] Two recent double- norepinephrine. Citicoline is transformed in the
blind interaction studies found that pretreatment CNS into uridine, a ligand at GABA receptors. It is
with modafinil 200, 400 or 800 mg/day for 4 or 7 not known which of these effects might mediate a
days blunted some of the acute psychological effects therapeutic response in cocaine dependence.[225] A
of a cocaine challenge without causing any adverse phase I clinical trial found no harmful interactions
cardiovascular effects.[215,216] Several case reports between citicoline 1 g/day for 4 days and intranasal
suggest that modafinil reduces craving and drug use cocaine 0.9 mg/kg, and no significant influence of
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citicoline pretreatment on the acute psychological or the animal and human studies. The most promising
physiological effects of the cocaine challenge.[226] A results with HPA axis inhibition in rodent studies
recent double-blind, placebo-controlled pilot study have been found during initial acquisition of cocaine
involving 14 cocaine-dependent outpatients found self-administration or when low unit doses of self-
that citicoline 500mg twice daily for 8 weeks was administered cocaine are used,[232] that is, when the
well tolerated, improved mood and sleep, and re- incentive and reward values of cocaine are low. This
duced cocaine craving and use.[225] is not the case in human cocaine dependence. Also,

the most promising animal findings with CRF ant-Metyrapone is marketed as a diagnostic agent for
agonists were targeted at the central brain CRFhypothalamic-pituitary function. It blocks synthesis
neural circuit originating in the central nucleus ofof cortisol in the adrenal cortex by inhibiting the
the amygdala and terminating in the bed nucleus of11-β-hydroxylation reaction. Interest in metyrapone
the stria terminalis, not the HPA axis (see sectionas a treatment for cocaine dependence stems from
3.2.6). Further research with CRF antagonists inpreclinical studies suggesting that blockade of HPA
human will be needed to clarify this situation.axis function, for example, with CRF antagonists,

reduces the rewarding effects of cocaine (see section
3.2.6), and clinical observations on the associations 5. Unmarketed Medications Undergoing
among stress, HPA hormones and cocaine depend- Clinical Evaluation
ence.[227] A recent human study found a significant
association between intravenous cocaine-induced

Animal studies have identified several com-increases in plasma ACTH concentrations and co-
pounds not yet marketed for any other clinical indi-caine-induced euphoria,[228] suggesting a role for
cation that show promise for the treatment of co-HPA hormones in the psychological effects of co-
caine dependence, based on the neuropharmacologi-caine. Two earlier phase I trials found no effect of
cal mechanisms described in section 3. Several ofattenuation of HPA axis function on the acute sub-
these have undergone phase I safety evaluationjective effects of smoked cocaine, either through
(table X).blockade of corticol synthesis by ketoconazole[229]

Vanoxerine is a long-acting, noncompetitive in-or suppression of pituitary function by dexameth-
hibitor of the presynaptic dopamine transporterasone.[230] Despite these negative findings, a phase I
which was originally developed as an antidepres-study evaluating the interaction of metyrapone and
sant.[233] In animal studies, self-administered vanox-intravenous cocaine is currently underway.
erine increases extracellular dopamine levels in the

Prasterone (dehydroepiandrosterone) is an en- striatum and exerts other stimulant-like effects, for
dogenous adrenal androgen available over-the- example increased alertness and motor activity, not
counter in the US. It directly stimulates dopamine distinguished from cocaine.[25,233] On the other hand,
release in animals and circulating levels of praster- pretreatment with vanoxerine reduces cocaine self-
one are lower than normal in chronic cocaine administration and cocaine-induced increases in
users.[227] These findings led to a recent controlled brain extracellular dopamine levels.[25,233] These
clinical trial, which found that prasterone 100 mg/ findings suggest that vanoxerine might act either as
day worsened treatment retention and increased co- a true cocaine antagonist (i.e. blocking cocaine’s
caine use compared with placebo.[231]

access to the dopamine transporter) or as a stimulant
The negative findings with ketoconazole, dexa- that substitutes for the effects of cocaine. In human

methasone and prasterone suggest that manipulation phase I studies, vanoxerine was well tolerated, and
of the HPA axis may not be a promising treatment produced sedation, rather than excitation.[234] A
approach in humans. This seems contrary to the phase I cocaine-interaction study is currently under-
promising results in animal studies (see section way; phase II clinical trials are under consideration
3.2.6), but there are important differences between (F. Vocci, personal communication).
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Table X. New compounds undergoing evaluation in humans as possible treatments for cocaine dependence

Compound Sponsor Mechanism of action Phase

Adrogolide (ABT 431, DAS 431) Drug Abuse Sciences, CA, USA Dopamine D1 receptor agonist IIaa

BP 897 Bioproject, Paris, France D3 receptor partial agonist Ib

Vanoxerine (GBR 12909) NIDA, MD, USA Dopamine transporter inhibitor IIaa

NS 2359 NeuroSearch, Ballerup, Denmark Dopamine transporter inhibitor Ib

Enadoline (CI 977) Parke-Davis, MI, USA Opioid κ receptor agonist IIaa

GV 196771 GlaxoSmithKline, Uxbridge, UK Glycine antagonist Ib

Anti-cocaine vaccine (cocaine abuse Xenova, Slough, UK Blocking antibody IIaa

vaccine TA-CD)

a Administration with cocaine to cocaine-using subjects to evaluate safety, influence on acute cocaine effects.

b Administration to healthy subjects to evaluate safety.

NIDA = US National Institute on Drug Abuse.

NS 2359 is another inhibitor of the dopamine high hepatic first-pass metabolism, resulting in very
low bioavailability (about 4%) after oral administra-transporter that is undergoing a phase I human labo-
tion. This obstacle may be circumvented by theratory study evaluating the safety of single doses
development of a formulation suitable for inhalationand their interaction with cocaine (A. Elkashef, per-
(intrapulmonary delivery). BP 897 is a partial ago-sonal communication communication). Additional
nist of D3 receptors.[51] It reduces cocaine self-ad-dopamine transporter inhibitors that produce slow-
ministration in rats (although not in monkeys), with-onset, long-lasting blockade or that may block co-
out itself being self-administered (see section 3.1.2).caine binding without influencing dopamine reup-
Human phase II trials are currently underway.[51]take[235] are in preclinical development. For exam-

ple, (+)-CPCA is a piperidine-based cocaine ana- CEE 03310 is a selective D1 receptor antagonist
logue that is similar in binding to the dopamine and being developed for sleep disorders and substance
norepinephrine transporters, but weaker in binding abuse. Phase I studies show that it is well tolerat-
to the serotonin transporter.[236] As might be expec- ed.[238] Phase II studies in substance abuse are sched-
ted, it is self-administered by animals, but is a weak- uled to begin shortly in the US. Another D1 receptor
er reinforcer than cocaine.[236] Thus, it might be antagonist, ecopipam (SCH 39166), was found to
useful in the stimulant substitution approach. It is increase cocaine self-administration and positive
scheduled for human phase I safety trials. Methyl- subjective ratings of cocaine in a human experimen-
phenidate analogues are also in preclinical develop- tal study,[239] while not altering cocaine craving.[240]

ment as substitution treatment.[26] It is no longer considered a promising candidate for
development.Two selective dopamine receptor agonists are

undergoing phase I and IIa trials.[87] Adrogolide is a Animal studies suggest that stimulation of opioid
prodrug which is rapidly converted in plasma to κ receptors inhibits the firing of and release of
A 86929, a D1 receptor agonist.[43] In animal studies, dopamine from neurons of the dopamine reward
it reduces cocaine self-administration and the ability system (see section 3.2.2), and reduces the re-
of a priming dose of cocaine to reinstate self-admin- warding effects of cocaine in several animal behav-
istration, without itself being self-administered (see ioural models, for example self-administration, con-
section 3.1.2). In a human laboratory study, adro- ditioned place preference and reinstatement.[241,242]

golide (2 or 4mg intravenously) was well tolerated Given these findings, opioid κ receptor agonists are
by cocaine abusers and reduced some of the acute promising candidates for medication development
psychological effects of smoked cocaine (12 or for the management of cocaine abuse. Existing ago-
50mg), while not reducing cocaine self-administra- nists, such as cyclazocine, are not useful because of

dysphoric and psychotomimetic effects. A newertion.[237] A practical drawback of adrogolide is its
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opioid κ agonist, enadoline, was well tolerated in The blocking approach (so-called ‘cocaine vac-
phase I and IIa clinical trials, but did not significant- cine’) has been implemented in two ways.[250] The
ly reduce the acute psychological effects of cocaine cocaine molecule, itself too small to be antigenic,
or cocaine self-administration in a laboratory study has been coupled to a large carrier protein. Alterna-
of cocaine users.[242] tively, an antibody molecule configured to mimic

GV 196771 is an NMDA antagonist at the gly- the cocaine molecule can serve as the antigen (anti-
cine binding site that is undergoing phase I evalua- idiotypic antibody).[251] Both types of antibodies can
tion.[243] A controlled clinical trial (phase IIb) in significantly alter cocaine pharmacokinetics. The
cocaine-dependent outpatients is planned. only human studies to date have used succinylnorco-

caine covalently linked to recombinant cholera toxin
B subunit to make cocaine antigenic (cocaine abuse6. Pharmacokinetic
vaccine TA-CD).[252] In a randomised, double-blind,Treatment Approach
placebo-controlled, phase I study, 34 healthy, absti-
nent cocaine abusers received up to three doses (13,

There is growing interest in pharmacokinetic ap- 82 or 709μg) of this vaccine (with aluminium hy-
proaches to the treatment of cocaine dependence, droxide adjuvant) over 8 weeks and were followed
that is, to preventing cocaine from reaching its up for 1 year.[252] Two phase IIa trials have been
site(s) of action in the brain. This could be accom- conducted. In the first trial, 19 cocaine abusers re-
plished by preventing ingested cocaine from enter- ceived up to five doses (82 or 360μg) of this vaccine
ing the brain (crossing the blood-brain barrier) or by over 12 weeks.[253] In the second trial, 21 cocaine
enhancing the elimination of cocaine from the body abusers received up to five doses (100 or 400μg) of
so that less reached the site of action.[244] The suc- this vaccine over 12 weeks, with some subjects
cess of a pharmacokinetic treatment would depend receiving a booster dose at 15–18 months.[254] Find-
on its having sufficient activity to preclude ability of ings in all three studies were consistent. The active
a patient to overcome the treatment by taking larger immunisation was well tolerated locally and system-
amounts of cocaine. ically. Serum levels of anti-cocaine antibody corre-

Three pharmacokinetic techniques are being lated with both vaccine dose and number of vaccina-
studied: (i) binding with anti-cocaine antibodies that tions. Detectable antibody levels appeared after the
form complexes too large to cross the blood-brain second vaccination, peaked 8–12 weeks later and
barrier (blocking approach); (ii) increasing cocaine remained for up to 9 months. Subjects who used
catabolism with enzymes; or (iii) increasing cocaine

cocaine during the phase IIa studies anecdotally
catabolism with catalytic antibodies (catalytic ap-

reported attenuation of the expected euphoric effects
proach). All three techniques, when used as pretreat-

of cocaine.[253,254] There was a rough negative asso-
ment before cocaine administration, have been suc-

ciation between vaccine dose or peak antibody level
cessful in animal studies in reducing brain cocaine

and degree of cocaine use, that is, the higher the
concentrations and the behavioural effects of co-

dose or antibody level, the less cocaine use (assessed
caine.[245-247] The enzyme technique has been imple-

by urine toxicology). A phase II efficacy study in
mented preclinically with both the naturally occur-

cocaine-abusing patients on methadone mainten-
ring enzyme butyrylcholinesterase, a major cocaine

ance treatment should begin in the near future
metabolising enzyme in primates, or with recombi-

(F. Vocci, personal communication).nant versions of the human enzyme which have
At least two other companies have anti-cocaineenhanced catalytic properties.[248] Other naturally

antibodies in preclinical development:[255] one aoccurring enzymes that catabolise cocaine, such as
blocking antibody (ITAC-cocaine; Drug Abuse Sci-bacterial cocaine esterase, are also being consid-
ences, CA, USA) induced by active immunisationered.[249] There have not yet been any human studies

with either enzyme or catalytic antibody. (analogous to cocaine abuse vaccine TA-CD); and

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



1566 Gorelick et al.

another a monoclonal catalytic antibody (15A10; Acknowledgements
MedImmune, MD, USA) that would metabolise co-
caine. This work was supported by intramural funds of the

National Institute on Drug Abuse (NIDA), National Institutes
of Health, USA. We thank Drs Ahmed Elkashef and Francis

7. Conclusion Vocci of the US NlDA for information about the institute’s
medication development programmes. Dr Gardner has re-
ceived past research grant funding from GlaxoSmithKlineCocaine dependence is a significant public health
Pharmaceuticals for anti-cocaine addiction pharmacother-

problem in many countries of the world, yet there is apeutic drug discovery and development.
no effective medication approved for its treatment. The authors have no current conflicts of interest that are

directly relevant to the contents of this manuscript.Screening of several dozen marketed medications
developed for other indications identified two
agents, disulfiram and selegiline, that warranted fur-

Referencesther evaluation. Both probably act by increasing
1. United Nations Drug Control Program. Global illicit drug trends

brain dopamine activity by inhibiting enzymes in the 2002. New York: United Nations Drug Control Program, 2002
2. Substance Abuse and Mental Health Services Administration.dopamine metabolic pathway, i.e. dopamine-β-

Results from the 2001 National Household Survey on drug
hydroxylase (disulfiram) and MAO-B (selegiline). abuse. Volume I: summary of national findings. Rockville

(MD): Substance Abuse and Mental Health Services Adminis-Selegiline was recently found no better than placebo
tration, 2002. DHHS Publication No. SMA 01-3549, NHSDAin a phase III, controlled clinical trial. Series: H-13

3. American Psychiatric Association. Diagnostic and statisticalIncreasing knowledge of the neuropharmacology
manual of mental disorders. 4th ed. Washington, DC: Ameri-

of cocaine dependence, gained from preclinical re- can Psychiatric Association, 1994
4. Substance Abuse and Mental Health Services Administration,search, suggests that modulation of the dopamine

Office of Applied Studies. Emergency department trends frommesocorticolimbic brain reward system is a fruitful the drug abuse warning network, final estimates 1994-2001.
Rockville (MD): Substance Abuse and Mental Health Servicesapproach for drug development. This could be ac-
Administration, 2002 Aug. DHHS Publication No. SMAcomplished either directly, by targeting dopamine
02-3635, DAWN Series D-21

receptors or the presynaptic dopamine transporter, 5. Substance Abuse and Mental Health Services Administration,
Office of Applied Studies. Treatment Episode Data Setor indirectly by influencing other neurotransmitter
(TEDS): 1992-2000. National Admissions to Substance Abuse

systems which modulate the dopamine system, or by Treatment Services. Rockville (MD): Substance Abuse and
Mental Health Services Administration, 2002 Dec. DHHSaltering neuronal function (e.g. calcium channel
Publication No. SMA 02-3727, DASIS Series S-17function, phospholipid synthesis). Targeted neuro-

6. Gorelick DA. Pharmacological treatment of cocaine addiction.
transmitters include GABA, serotonin and excitato- Einstein Q J Biol Med 1999; 16: 61-9

7. Gorelick DA. Pharmacologic interventions for cocaine, crack,ry amino acids (NMDA). Preclinical screening for
and other stimulant addiction. In: Graham AW, Schultz TK,

promising compounds is hampered by the absence Mayo-Smith M, et al., editors. Principles of addiction medi-
cine. 3rd ed. Chevy Chase (MD): American Society of Addic-of an animal model with confirmed predictive valid-
tion Medicine, 2003: 89-111ity in identifying effective medications. 8. de Lima MS, Soares BGO, Reisser AAP, et al.  Pharmacological
treatment of cocaine dependence: a systematic review. Addic-A variety of marketed (table VIII) and newly
tion 2002; 97: 931-49

developed medications (table X) that act by one of 9. Lewin Group. Market barriers to the development of pharmaco-
therapies for the treatment of cocaine abuse and addiction:the aforementioned mechanisms are undergoing
final report. Fairfax (VA): Lewin Group; 1997 Sep 12. Con-clinical evaluation. Two other approaches being tract HHS-100-96-0011

clinically evaluated are substitution with another 10. Gorelick DA. The rate hypothesis and agonist substitution ap-
proaches to cocaine abuse treatment. Adv Pharmacol 1998; 42:stimulant-type medication and reduction of cocaine
995-7

concentration in the brain (pharmacokinetic ap- 11. Dackis CA, O’Brien CP. Cocaine dependence: a disease of the
brain’s reward centers. J Subst Abuse Treat 2001; 21: 111-7proach). The latter is being implemented using anti-

12. Platt DM, Rowlett JK, Spealman RD. Behavioral effects ofcocaine antibodies evoked by active immunisation cocaine and dopaminergic strategies for preclinical medication
(cocaine vaccine). development. Psychopharmacology 2002; 163: 265-82

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



Management of Cocaine Abuse 1567

13. Wise RA, Gardner EL. Animal models of addiction. In: Charney 32. Volkow ND, Ding Y-S, Fowler JS, et al.  Is methylphenidate
DS, Nestler EJ, editors. Neurobiology of mental illness. 2nd like cocaine? Studies on their pharmacokinetics and distribu-
ed. New York: Oxford University Press, 2004: 683-97 tion in the human brain. Arch Gen Psychiatry 1995; 52: 456-63

14. Gardner EL. What we have learned about addiction from animal 33. Sizemore GM, Davies HM, Martin TJ, et al. Effects of 2beta-
models of drug self-administration. Am J Addict 2000; 9: propanoyl-3beta-(4-tolyl)-tropane (PTT) on the self-adminis-
285-313 tration of cocaine, heroin, and cocaine/heroin combinations in

rats. Drug Alcohol Depend 2004; 73: 259-6515. Shaham Y, Shalev U, Lu L, et al.  The reinstatement model of
drug relapse: history, methodology and major findings. 34. Hemby SE, Co C, Reboussin D, et al. Comparison of a novel
Psychopharmacology 2003; 168: 3-20 tropane analog of cocaine, 2 beta-propanoyl-3 beta-(4-tolyl)

16. Tzschentke TM. Measuring reward with the conditioned place tropane with cocaine HCl in rats: nucleus accumbens extracel-
preference paradigm: a comprehensive review of drug effects, lular dopamine concentration and motor activity. J Pharmacol
recent progress and new issues. Prog Neurobiol 1998; 56: Exp Ther 1995; 273: 656-66
613-72 35. Roberts DC, Jungersmith KR, Phelan R, et al. Effect of HD-23,

17. Colpaert FC. Drug discrimination in neurobiology. Pharmacol a potent long acting cocaine-analog, on cocaine self-adminis-
Biochem Behav 1999; 64: 337-45 tration in rats. Psychopharmacology (Berl) 2003; 167(4): 386-

9218. Wise RA. Addictive drugs and brain stimulation reward. Annu
Rev Neurosci 1996; 19: 319-40 36. Lile JA, Morgan D, Freedland CS, et al. Self-administration of

19. Wolf ME. The role of excitatory amino acids in behavioral two long-acting monoamine transport blockers in rhesus
sensitization to psychomotor stimulants. Prog Neurobiol 1998; monkeys. Psychopharmacology (Berl) 2000; 152: 414-21
54: 679-720 37. Wilcox KM, Lindsey KP, Votaw JR, et al. Self-administration

20. Vanderschuren LJMJ, Kalivas PW. Alterations in dopaminergic of cocaine and the cocaine analog RTI-113: relationship to
and glutamatergic signaling in the induction and expression of dopamine transporter occupancy determined by PET neuro-
behavioral sensitization. Psychopharmacology 2000; 151: imaging in rhesus monkeys. Synapse 2002; 43: 78-85
99-120 38. Dworkin SI, Lambert P, Sizemore GM, et al. RTI-113 adminis-

21. Robinson TE, Berridge KC. Incentive-sensitization and addic- tration reduces cocaine self-administration at high occupancy
tion. Addiction 2001; 96: 103-14 of dopamine transporter. Synapse 1998; 30: 49-55

22. Wise RA, Gardner EL. Functional anatomy of substance-related 39. Howell LL, Wilcox KM. The dopamine transporter and cocaine
disorders. In: D’haenen H, den Boer JA, Willner P, editors. medication development: drug self-administration in nonhu-
Biological psychiatry. New York: Wiley, 2002: 509-22 man primates. J Pharmacol Exp Ther 2001; 298: 1-6

23. Howell LL, Wilcox KM. Functional imaging and neurochemi- 40. Mutschler NH, Bergman J. Effects of chronic administration of
cal correlates of stimulant self-administration in primates. the D1 receptor partial agonist SKF 77434 on cocaine self-
Psychopharmacology 2002; 163: 352-61 administration in rhesus monkeys. Psychopharmacology

24. Volkow ND, Wang G-J, Fischman MW, et al.  Relationship (Berl) 2002; 160: 362-70
between subjective effects of cocaine and dopamine transport- 41. Platt DM, Rowlett JK, Spealman RD. Dissociation of cocaine-
er occupancy. Nature 1997; 386: 827-30 antagonist properties and motoric effects of the D1 receptor

25. Rothman RB, Glowa JR. A review of the effects of dopaminer- partial agonists SKF 83959 and SKF 77434. J Pharmacol Exp
gic agents on humans, animals, and drug-seeking behavior, Ther 2000; 293 (3): 1017-26
and its implications for medication development: focus on

42. Caine SB, Negus SS, Mello NK, et al. Effects of dopamine D(1-
GBR-12909. Mol Neurobiol 1995; 11: 1-19

like) and D(2-like) agonists in rats that self-administer cocaine.
26. Schweri MM, Deutsch HM, Massey AT, et al.  Biochemical and J Pharmacol Exp Ther 1999; 291: 353-60

behavioral characterization of novel methylphenidate analogs.
43. Giardina WJ, Williams M. Adrogolide HCl (ABT-431; DAS-J Pharmacol Exp Ther 2002; 301: 527-35

431), a prodrug of the dopamine D1 receptor agonist, A-86929:
27. Carroll FI. 2002 Medicinal chemistry division award address: preclinical pharmacology and clinical data. CNS Drug Rev

monoamine transporters and opioid receptors: targets for ad- 2001; 7: 305-16
diction therapy. J Med Chem 2003; 46: 1775-94

44. Self DW, Karanian DA, Spencer JJ. Effects of the novel D1
28. Madras BK, Spealman RD, Fahey MA, et al.  Cocaine receptors

dopamine receptor agonist ABT-431 on cocaine self-adminis-
labeled by [3H]2β-carbomethoxy-3β-(fluorophenyl)tropane.

tration and reinstatement. Ann N Y Acad Sci 2000; 909: 133-
Mol Pharmacol 1989; 36: 518-24

44
29. Woolverton WL, Rowlett JK, Wilcox KM, et al.  3′- and 4′-

45. Khroyan TV, Platt DM, Rowlett JK, et al. Attenuation of relapsechloro-substituted analogs of benztropine: intravenous self-
to cocaine seeking by dopamine D1 receptor agonists andadministration and in vitro radioligand binding studies in rhe-
antagonists in non-human primates. Psychopharmacologysus monkeys. Psychopharmacology 2000; 147: 426-35
(Berl) 2003; 168 (1-2): 124-31

30. Hsin LW, Dersch CM, Baumann MH, et al.  Development of
46. Bergman J, Kamien JB, Spealman RD. Antagonism of cocainelong-acting dopamine transporter ligands as potential cocaine-

self-administration by selective dopamine D(1) and D(2) ant-abuse therapeutic agents: chiral hydroxyl-containing deriva-
agonists. Behav Pharmacol 1990; 1: 355-63tives of 1-[2-[bis (4-fluorophenyl)methoxy]ethyl]-4-(3-

47. Soyka M, De Vry J. Flupenthixol as a potential pharmacotreat-phenylpropyl)piperazine and 1-[2-(diphenylmethoxy)ethyl]-
ment of alcohol and cocaine abuse/dependence. Eur Neuropsy-4-(3-phenylpropyl)piperazine. J Med Chem 2002; 45: 1321-9
chopharmacol 2000; 10: 325-3231. Froimowitz M, Wu K-M, Moussa A, et al.  Slow-onset, long-

duration 3-(3′,4′-dichlorophenyl)-1-indanamine monoamine 48. Glowa JR, Wojnicki FH. Effects of drugs on food- and cocaine-
reuptake blockers as potential medications to treat cocaine maintained responding, III: dopaminergic antagonists. Psycho-
abuse. J Med Chem 2000; 43: 4981-92 pharmacology (Berl) 1996; 128: 351-8

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



1568 Gorelick et al.

49. Schenk S, Gittings D. Effects of SCH 23390 and eticlopride on 69. McGregor A, Lacosta S, Roberts DC. L-tryptophan decreases
cocaine-seeking produced by cocaine and WIN 35,428 in rats. the breaking point under a progressive ratio schedule of intra-
Psychopharmacology (Berl) 2003; 168: 118-23 venous cocaine reinforcement in the rat. Pharmacol Biochem

Behav 1993; 44: 651-550. Caine SB, Negus SS, Mello NK, et al. Role of dopamine D2-like
receptors in cocaine self-administration: studies with D2 re- 70. Carroll ME, Lac ST, Asencio M, et al. Intravenous cocaine self-
ceptor mutant mice and novel D2 receptor antagonists. J administration in rats is reduced by dietary L-tryptophan.
Neurosci 2002; 22: 2977-88 Psychopharmacology (Berl) 1990; 100: 293-300

51. Garcia-Ladona FJ, Cox BF. BP 897, a selective dopamine D3 71. Lee K, Kornetsky C. Acute and chronic fluoxetine treatment
receptor ligand with therapeutic potential for the treatment of decreases the sensitivity of rats to rewarding brain stimulation.
cocaine addiction. CNS Drug Rev 2003; 9: 141-58 Pharmacol Biochem Behav 1998; 60: 539-44

52. Vorel SR, Ashby Jr CR, Paul M. Dopamine D3 receptor ant- 72. Walsh SL, Cunningham KA. Serotonergic mechanisms in-
agonism inhibits cocaine-seeking and cocaine-enhanced brain volved in the discriminative stimulus, reinforcing and subjec-
reward in rats. J Neurosci 2002; 22: 9595-603 tive effects of cocaine. Psychopharmacology (Berl) 1997; 130:

41-5853. Xi ZX, Gilbert J, Campos AC. Blockade of mesolimbic dop-
amine D(3) receptors inhibits stress-induced reinstatement of 73. Schenk S. Effects of the serotonin 5-HT(2) antagonist, ritanser-
cocaine-seeking in rats. Psychopharmacology (Berl) 2004 Apr in, and the serotonin 5-HT(1A) antagonist, WAY 100635, on
9 [Epub ahead of print] cocaine-seeking in rats. Pharmacol Biochem Behav 2000; 67:

363-954. Gardner EL, Ashby Jr CR. Heterogeneity of the mesotelen-
cephalic dopamine fibers: physiology and pharmacology. 74. Carey RJ, De Palma G, Damianopoulos E. 5-HT1A agonist/
Neurosci Biobehav Rev 2000; 24: 115-8 antagonist modification of cocaine stimulant effects: implica-

tions for cocaine mechanisms. Behav Brain Res 2002; 132: 37-55. Levant B. Differential distribution of D3 dopamine receptors in
46the brains of several mammalian species. Brain Res 1998; 800:

269-74 75. Burmeister JJ, Lungren EM, Kirschner KF, et al. Differential
roles of 5-HT receptor subtypes in cue and cocaine reinstate-56. Ashby Jr CR, Minabe Y, Stemp G, et al.  Acute and chronic
ment of cocaine-seeking behavior in rats. Neuropsychopharm-administration of the selective D3 receptor antagonist SB-
acology 2004; 29: 660-8277011-A alters activity of midbrain dopamine neurons in rats:

an in vivo electrophysiological study. J Pharmacol Exp Ther 76. Frankel PS, Cunningham KA. m-Chlorophenylpiperazine
2000; 294: 1166-74 (mCPP) modulates the discriminative stimulus effects of co-

caine through actions at the 5-HT2C receptor. Behav Neurosci57. Gardner EL. The neurobiology and genetics of addiction: impli-
2004; 118: 157-62cations of the ‘reward deficiency syndrome’ for therapeutic

strategies in chemical dependency. In: Elster J, editor. Addic- 77. Filip M, Cunningham KA. Hyperlocomotive and discriminative
tion: entries and exits. New York: Russell Sage, 1999: 57-119 stimulus effects of cocaine are under the control of sero-

58. Volkow ND, Fowler JS, Wang G-J. Imaging studies on the role tonin(2C) (5-HT(2C)) receptors in rat prefrontal cortex. J
of dopamine in cocaine reinforcement and addiction in Pharmacol Exp Ther 2003; 306: 734-43
humans. J Psychopharmacol 1999; 13: 337-45 78. Davidson C, Lee TH, Xiong Z, et al. Ondansetron given in the

59. Schneier FR, Siris SG. A review of psychoactive substance use acute withdrawal from a repeated cocaine sensitization dosing
and abuse in schizophrenia: patterns of drug choice. J Nerv regimen reverses the expression of sensitization and inhibits
Ment Dis 1987; 175: 641-52 self-administration. Neuropsychopharmacology 2002; 27:

542-5360. Dixon L, Haas G, Weiden PJ, et al.  Drug abuse in schizophrenic
patients: clinical correlates and reasons for use. Am J Psychia- 79. Lane JD, Pickering CL, Hooper ML, et al. Failure of ondanse-
try 1991; 148: 224-30 tron to block the discriminative or reinforcing stimulus effects

of cocaine in the rat. Drug Alcohol Depend 1992; 30: 151-6261. Ohuoha DC, Maxwell JA, Thomson III LE, et al.  Effect of
dopamine receptor antagonists on cocaine subjective effects: a 80. Cervo L, Pozzi L, Samanin R. 5-HT3 receptor antagonists do
naturalistic case study. J Subst Abuse Treat 1997; 14: 249-58 not modify cocaine place conditioning or the rise in extracellu-

lar dopamine in the nucleus accumbens of rats. Pharmacol62. Grabowski J, Rhoades H, Silverman P, et al.  Risperidone for the
Biochem Behav 1996; 55: 33-7treatment of cocaine dependence: randomized, double-blind

trial. J Clin Psychopharmacol 2000; 20: 305-10 81. Phillips GD, Robbins TR, Everitt BJ. Mesoaccumbens dop-
amine-opiate interactions in the control over behaviour of a63. Di Chiara G. Drug addiction as a dopamine-dependent associa-
conditioned reinforcer. Psychopharmacology 1994; 114: 345-tive learning disorder. Eur J Pharmacol 1999; 375: 13-30
5964. Everitt BJ, Wolf ME. Psychomotor stimulant addiction: a neural

82. Shippenberg TS, Chefer V. Opioid modulation of psychomotorsystems perspective. J Neurosci 2002; 22: 3312-20
stimulant effects. In: Maldonado R, editor. Molecular biology65. Shalev U, Grimm JW, Shaham Y. Neurobiology of relapse to
of drug addiction. Totowa (NJ): Humana Press, 2002: 107-33heroin and cocaine seeking: a review. Pharmacol Rev 2002;

83. Napier TC, Mitrovic I. Opioid modulation of ventral pallidal54: 1-42
inputs. Ann N Y Acad Sci 1999; 877: 176-20166. Muller CP, Carey RJ, Huston JP. Serotonin as an important

84. Akil H, Owens C, Gutstein H, et al.  Endogenous opioids:mediator of cocaine’s behavioral effects. Drugs Today (Barc)
overview and current issues. Drug Alcohol Depend 1998; 51:2003; 39 (7): 497-511
127-4067. Uhl GR, Hall FS, Sora I. Cocaine, reward, movement and

85. Van Ree JM, Niesink RJ, Van Wolfswinkel L, et al.  Endoge-monoamine transporters. Mol Psychiatry 2002; 7 (1): 21-6
nous opioids and reward. Eur J Pharmacol 2000; 405: 89-10168. Walsh SL, Cunningham KA. Serotonergic mechanisms in-

volved in the discriminative stimulus, reinforcing and subjec- 86. Okada Y, Tsuda Y, Bryant SD, et al.  Endomorphins and related
tive effects of cocaine. Psychopharmacology 1997; 130: 41-58 opioid peptides. Vitam Horm 2002; 65: 257-79

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



Management of Cocaine Abuse 1569

87. Kreek MJ, LaForge KS, Butelman E. Pharmacotherapy of ad- agonists on medial forebrain bundle self-stimulation. Behav
dictions [published erratum appears in Nat Rev Drug Discov Brain Res 1995; 70: 31-6
2002 Nov; 1 (11): 920]. Nat Rev Drug Discov 2002; 1: 710-26 106. Negus SS, Mello NK, Fivel PA. Effects of GABA agonists and

GABA-A receptor modulators on cocaine discrimination in88. Kleber HD. Pharmacologic treatments for heroin and cocaine
rhesus monkeys. Psychopharmacology (Berl) 2000; 152: 398-dependence. Am J Addict 2003; 12 Suppl. 2: S5-S18
40789. Modesto-Lowe V, Van Kirk J. Clinical uses of naltrexone: a

107. Giorgetti M, Javaid JI, Davis JM, et al. Imidazenil, a positivereview of the evidence. Exp Clin Psychopharmacol 2002; 10:
allosteric GABAA receptor modulator, inhibits the effects of213-27
cocaine on locomotor activity and extracellular dopamine in90. Rademacher DJ, Steinpreis RE. Effects of the selective mu(1)-
the nucleus accumbens shell without tolerance liability. Jopioid receptor antagonist, naloxonazine, on cocaine-induced
Pharmacol Exp Ther 1998; 287: 58-66conditioned place preference and locomotor behavior in rats.

108. Grant KA, Johanson CE. Diazepam self-administration andNeurosci Lett 2002 Nov 8; 332 (3): 159-62
resistance to extinction. Pharmacol Biochem Behav 1987; 28:91. Ward SJ, Martin TJ, Roberts DC. Beta-funaltrexamine affects
81-6cocaine self-administration in rats responding on a progressive

109. Di Ciano P, Everitt BJ. The GABA(B) receptor agonist baclofenratio schedule of reinforcement. Pharmacol Biochem Behav
attenuates cocaine- and heroin-seeking behavior by rats.2003 May; 75 (2): 301-7
Neuropsychopharmacology 2003; 28: 510-892. Woolfolk DR, Holtzman SG. The effects of opioid receptor

110. Brebner K, Phelan R, Roberts DC. Effect of baclofen on cocaineantagonism on the discriminative stimulus effects of cocaine
self-administration in rats reinforced under fixed-ratio 1 andand d-amphetamine in the rat. Behav Pharmacol 1996 Dec; 7
progressive-ratio schedules. Psychopharmacology (Berl)(8): 779-87
2000; 148: 314-2193. Mello NK, Negus SS. Interactions between kappa opioid ago-

111. Roberts DC, Brebner K. GABA modulation of cocaine self-nists and cocaine: preclinical studies. Ann N Y Acad Sci 2000;
administration. Ann N Y Acad Sci 2000; 909: 145-58909: 104-32

112. Brebner K, Froestl W, Andrews M, et al. The GABA(B) agonist94. Shippenberg TS, Chefer VI, Zapata A, et al. Modulation of the
CGP 44532 decreases cocaine self-administration in rats: dem-behavioral and neurochemical effects of psychostimulants by
onstration using a progressive ratio and a discrete trials proce-kappa-opioid receptor systems. Ann N Y Acad Sci 2001; 937:
dure. Neuropharmacology 1999; 38: 1797-80450-73

113. Campbell UC, Lac ST, Carroll ME. Effects of baclofen on95. Tzschentke TM. Behavioral pharmacology of buprenorphine,
maintenance and reinstatement of intravenous cocaine self-with a focus on preclinical models of reward and addiction.
administration in rats. Psychopharmacology (Berl) 1999; 143:Psychopharmacology (Berl) 2002; 161: 1-16
209-1496. Kalivas PW. Neurotransmitter regulation of dopamine neurons

114. Tzschentke TM, Schmidt WJ. Glutamatergic mechanisms inin the ventral tegmental area. Brain Res Brain Res Rev 1993;
addiction. Mol Psychiatry 2003; 8: 373-8218 (1): 75-113

115. Rockhold RW. Glutamatergic involvement in psychomotor97. Kalivas PW, Duffy P, Eberhardt H. Modulation of A10 dop-
stimulant action. Prog Drug Res 1998; 50: 155-92amine neurons by gamma-aminobutyric acid agonists. J

Pharmacol Exp Ther 1990; 253: 858-66 116. Cornish JL, Kalivas PW. Cocaine sensitization and craving:
differing roles for dopamine and glutamate in the nucleus98. Brebner K, Childress AR, Roberts DCS. A potential role for
accumbens. J Addict Dis 2001; 20: 43-54GABAB agonists in the treatment of psychostimulant addic-

tion. Alcohol Alcohol 2002; 37 (5): 478-84 117. Baker DA, McFarland K, Lake RW, et al.  Neuroadaptations in
cystine-glutamate exchange underlie cocaine relapse. Nat99. Dewey SL, Morgan AE, Ashby Jr CR, et al.  A novel strategy for
Neurosci 2003; 6 (7): 743-9the treatment of cocaine addiction. Synapse 1998; 30 (2): 119-

29 118. McFarland K, Lapish CC, Kalivas PW. Prefrontal glutamate
release into the core of the nucleus accumbens mediates co-100. Dewey SL, Chaurasia CS, Chen CE, et al. GABAergic attenua-
caine-induced reinstatement of drug-seeking behavior. Jtion of cocaine-induced dopamine release and locomotor ac-
Neurosci 2003; 23 (8): 3531-7tivity. Synapse 1997; 25: 393-8

119. Xi Z-X, Ramamoorthy S, Shen H, et al.  GABA transmission in101. Kushner SA, Dewey SL, Kornetsky C. Gamma-vinyl GABA
the nucleus accumbens is altered after withdrawal from repeat-attenuates cocaine-induced lowering of brain stimulation re-
ed cocaine. J Neurosci 2003; 23 (8): 3498-505ward thresholds. Psychopharmacology (Berl) 1997; 133: 383-

8 120. Xi Z-X, Ramamoorthy S, Baker DA, et al.  Modulation of group
II metabotropic glutamate receptor signaling by chronic co-102. Kushner SA, Dewey SL, Kornetsky C. The irreversible gamma-
caine. J Pharmacol Exp Ther 2002; 303: 608-15aminobutyric acid (GABA) transaminase inhibitor gamma-

vinyl-GABA blocks cocaine self-administration in rats. J 121. Cornish JL, Kalivas PW. Glutamate transmission in the nucleus
Pharmacol Exp Ther 1999; 290: 797-802 accumbens mediates relapse in cocaine addiction. J Neurosci

2000; 20 (15): RC89103. Gardner EL, Schiffer WK, Horan BA, et al. Gamma-vinyl
GABA, an irreversible inhibitor of GABA transaminase, alters 122. Bell K, Duffy P, Kalivas PW. Context-specific enhancement of
the acquisition and expression of cocaine-induced sensitization glutamate transmission by cocaine. Neuropsychopharmacol-
in male rats. Synapse 2002; 46: 240-50 ogy 2000; 23: 335-44

104. Panagis G, Kastellakis A. The effects of ventral tegmental 123. Shippenberg TS, Rea W, Slusher BS. Modulation of behavioral
administration of GABA(A), GABA(B), NMDA and AMPA sensitization to cocaine by NAALADase inhibition. Synapse
receptor agonists on ventral pallidum self-stimulation. Behav 2000 Nov; 38 (2): 161-6
Brain Res 2002; 131: 115-23 124. Slusher BS, Thomas A, Paul M, et al. Expression and acquisi-

105. Willick ML, Kokkinidis L. The effects of ventral tegmental tion of the conditioned place preference response to cocaine in
administration of GABAA, GABAB and NMDA receptor rats is blocked by selective inhibitors of the enzyme N-acety-

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



1570 Gorelick et al.

lated-alpha-linked-acidic dipeptidase (NAALADASE). Syn- 142. Vaccarino FJ. Nucleus accumbens dopamine-CCK interactions
apse 2001 Jul; 41 (1): 22-8 in psychostimulant reward and related behaviors. Neurosci

Biobehav Rev 1994; 18: 207-14125. Kotlinska J, Biala G. Memantine and ACPC affect conditioned
place preference induced by cocaine in rats. Pol J Pharmacol 143. Noble F, Roques BP. CCK-B receptor: chemistry, molecular
2000; 52: 179-85 biology, biochemistry and pharmacology. Prog Neurobiol

1999; 58: 349-79126. Tzchentke TM, Schmidt WJ. Effects of the non-competitive
NMDA-receptor antagonist memantine on morphine- and co- 144. Josselyn SA, De Cristofaro A, Vaccarino FJ. Evidence for
caine-induced potentiation of lateral hypothalamic brain stim- CCKA receptor involvement in the acquisition of conditioned
ulation reward. Psychopharmacology (Berl) 2000; 149: 225-34 activity produced by cocaine in rats. Brain Res 1997; 763: 93-

102127. Bespalov AY, Zvartau EE, Balster RL, et al. Effects of N-
methyl-D-aspartate receptor antagonists on reinstatement of 145. Massey BW, Vanover KE, Woolverton WL. Effects of chole-
cocaine-seeking behavior by priming injections of cocaine or cystokinin antagonists on the discriminative stimulus effects of
exposures to cocaine-associated cues in rats. Behav Pharmacol cocaine in rats and monkeys. Drug Alcohol Depend 1994; 34:
2000; 11: 37-44 105-11

128. Hyytia P, Backstrom P, Liljequist S. Site-specific NMDA recep- 146. Crespi F. The role of cholecystokinin (CCK), CCK-A or CCK-B
tor antagonists produce differential effects on cocaine self- receptor antagonists in the spontaneous preference for drugs of
administration in rats. Eur J Pharmacol 1999; 378: 9-16 abuse (alcohol or cocaine) in naive rats. Methods Find Exp

129. Kim JH, Vezina P. The mGlu2/3 receptor agonist LY379268 Clin Pharmacol 1998; 20: 679-97
blocks the expression of locomotor sensitization by amphet- 147. Jackson A, Tattersall D, Bentley G, et al. An investigation into
amine. Pharmacol Biochem Behav 2002; 73 (2): 333-7 the discriminative stimulus and reinforcing properties of the

130. Cartmell J, Monn JA, Schoepp DD. The metabotropic glutamate CCKB-receptor antagonist, L-365,260 in rats. Neuropeptides
2/3 receptor agonists LY354740 and LY379268 selectively 1994; 26 (5): 343-53
attenuate phencyclidine versus d-amphetamine motor behav- 148. Lu L, Zhang B, Liu Z, et al. Reactivation of cocaine conditioned
iors in rats. J Pharmacol Exp Ther 1999; 291: 161-70 place preference induced by stress is reversed by cholecys-

131. McGeehan AJ, Janak PH, Olive MF. Effect of the mGluR5 tokinin-B receptors antagonist in rats. Brain Res 2002; 954:
antagonist 6-methyl-2-(phenylethynyl)pyridine (MPEP) on the 132-40
acute locomotor stimulant properties of cocaine, d-amphetam-

149. Lu L, Liu D, Ceng X. Corticotropin-releasing factor receptor
ine, and the dopamine reuptake inhibitor GBR12909 in mice.

type 1 mediates stress-induced relapse to cocaine-conditioned
Psychopharmacology (Berl) 2004 Jan 15 [Epub ahead of print]

place preference in rats. Eur J Pharmacol 2001; 415: 203-8
132. Kenny PJ, Paterson NE, Boutrel B, et al. Metabotropic gluta-

150. Goeders NE, Clampitt DM. Potential role for the hypothalamo-mate 5 receptor antagonist MPEP decreased nicotine and co-
pituitary-adrenal axis in the conditioned reinforcer-inducedcaine self-administration but not nicotine and cocaine-induced
reinstatement of extinguished cocaine seeking in rats. Psycho-facilitation of brain reward function in rats. Ann N Y Acad Sci
pharmacology (Berl) 2002; 161: 222-322003 Nov; 1003: 415-8

151. Gurkovskaya O, Goeders NE. Effects of CP-154,526 on re-133. McGeehan AJ, Olive MF. The mGluR5 antagonist MPEP
sponding during extinction from cocaine self-administration inreduces the conditioned rewarding effects of cocaine but not
rats. Eur J Pharmacol 2001; 432: 53-6other drugs of abuse. Synapse 2003 Mar; 47 (3): 240-2

152. Goeders NE, Guerin GF. Effects of the CRH receptor antagonist134. Chiamulera C, Epping-Jordan MP, Zocchi A, et al. Reinforcing
CP-154,526 on intravenous cocaine self-administration in rats.and locomotor stimulant effects of cocaine are absent in
Neuropsychopharmacology 2000; 23: 577-86mGluR5 null mutant mice. Nat Neurosci 2001; 4: 873-4

153. Shaham Y, Erb S, Leung S, et al. CP-154,526, a selective, non-135. Baptista MA, Martin-Fardon R, Weiss F. Preferential effects of
peptide antagonist of the corticotropin-releasing factor1 recep-the metabotropic glutamate 2/3 receptor agonist LY379268 on
tor attenuates stress-induced relapse to drug seeking in co-conditioned reinstatement versus primary reinforcement: com-
caine- and heroin-trained rats. Psychopharmacology (Berl)parison between cocaine and a potent conventional reinforcer.
1998; 137: 184-90J Neurosci 2004; 24: 4723-7

154. Bissette G, Nemeroff CB. The neurobiology of neurotensin. In:136. Pertwee RG. Cannabinoid receptor ligands: clinical and
Bloom FE, Kupfer DJ, editors. Psychopharmacology: theneuropharmacological considerations, relevant to future drug
fourth generation of progress. New York: Raven Press, 1995:discovery and development. Expert Opin Investig Drugs 2000;
573-829: 1553-71

155. Tyler BM, Douglas CL, Fauq A, et al.  In vitro binding and CNS137. Piomelli D, Giuffrida A, Calignano A, et al.  The endocannabi-
effects of novel neurotensin agonists that cross the blood-brainnoid system as a target for therapeutic drugs. Trends
barrier. Neuropharmacology 1999; 38: 1027-34Pharmacol Sci 2000; 21: 218-24

138. Gardner EL. Addictive potential of cannabinoids: the underly- 156. Gully D, Canton M, Boigegrain R, et al.  Biochemical and
ing neurobiology. Chem Phys Lipids 2002; 121: 267-90 pharmacological profile of a potent and selective nonpeptide

antagonist of the neurotensin receptor. Proc Natl Acad Sci139. De Vries TJ, Shaham Y, Homberg JR, et al.  A cannabinoid
U S A 1993; 90: 65-9mechanism in relapse to cocaine seeking. Nat Med 2001; 7:

1151-4 157. Gully D, Labeeuw B, Boigegrain R, et al.  Biochemical and
pharmacological activities of SR 142948A, a new potent140. Beinfeld MC. An introduction to neuronal cholecystokinin.
neurotensin receptor antagonist. J Pharmacol Exp Ther 1997;Peptides 2001; 22: 1197-200
280: 802-12141. Noble F, Wank SA, Crawley JN, et al.  Structure, distribution,

and functions of cholecystokinin receptors. Pharmacol Rev 158. Binder EB, Kinkead B, Owens MJ, et al.  Neurotensin and
1999; 51: 745-81 dopamine interactions. Pharmacol Rev 2001; 53: 453-86

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



Management of Cocaine Abuse 1571

159. Sarnyai Z, Shaham Y, Heinrichs SC. The role of corticotropin- 179. Houtsmuller EJ, Notes LD, Newton T, et al. Transdermal
releasing factor in drug addiction. Pharmacol Rev 2001; 53: selegiline and intravenous cocaine: safety and interactions.
209-43 Psychopharmacology 2004; 172: 31-40

160. Sawchenko PE, Imaki T, Potter E, et al. The functional 180. Elkashef A, Fudala P, Gorgon S, et al. Transdermal selegiline
neuroanatomy of corticotropin-releasing factor. In: Chadwick for the treatment of cocaine dependence [poster]. Presented at
DJ, Marsh J, Ackrill K, editors. Corticotropin-releasing factor. College on Problems of Drug Dependence, 65th Annual Scien-
Chichester: Wiley, 1993: 5-29 tific Meeting; 2003 Jun 14-19; Bal Harbour

161. Koob GF, Heinrichs SC. A role for corticotropin-releasing 181. Montgomery A, Elkashef A, Ciraulo DA, et al. 2004 update of
factor and urocortin in behavioral responses to stressors. Brain NIDA phase II medications development program for treat-
Res 1999; 848: 141-52 ment of cocaine dependence [poster]. Presented at College on

Problems of Drug Dependence, 66th Annual Scientific Meet-162. Piazza PV, Le Moal M. Pathophysiological basis of vulnerabili-
ing; 2004 Jun 12-17, San Juanty to drug abuse: interaction between stress, glucocorticoids,

and dopaminergic neurons. Annu Rev Pharmacol Toxicol 182. Ceravolo R, Piccini P, Bailey DL, et al.  18F-Dopa PET evidence
1996; 36: 359-78 that tolcapone acts as a central COMT inhibitor in Parkinson’s

disease. Synapse 2002; 43: 201-7163. Piazza PV, Le Moal M. Glucocorticoids as a biological substrate
of reward: physiological and pathophysiological implications. 183. Fava M, Rosenbaum JF, Kolsky AR, et al.  Open study of the
Brain Res Rev 1997; 25: 359-72 catechol-O-methyltransferase inhibitor tolcapone in major de-

pressive disorder. J Clin Psychopharmacol 1999; 19: 329-35164. Richter RM, Weiss F. In vivo CRF release in rat amygdala is
increased during cocaine withdrawal in self-administering rats. 184. Cousins MS, Roberts DCS, de Wit H. GABAB receptor agonists
Synapse 1999; 32: 254-61 for the treatment of drug addiction: a review of recent findings.

Drug Alcohol Depend 2002; 65: 209-20165. Sarnyai Z, Biro E, Gardi J, et al.  Brain corticotropin-releasing
factor mediates ‘anxiety-like’ behavior induced by cocaine 185. Ling W, Shoptaw S, Majewska D. Baclofen as a cocaine anti-
withdrawal in rats. Brain Res 1995; 675: 89-97 craving medication: a preliminary clinical study. Neuropsy-

chopharmacology 1998; 18: 403-4166. Broadbear JH, Winger G, Rice KC, et al.  Antalarmin, a putative
CRH-RI antagonist, has transient reinforcing effects in rhesus 186. Shoptaw S, Yang X, Rotheram-Fuller EJ, et al. Randomized
monkeys. Psychopharmacology 2002; 164: 268-76 placebo-controlled trial of baclofen for cocaine dependence:

Preliminary effects for individuals with chronic patterns of167. Henderson CE. Role of neurotrophic factors in neuronal devel-
cocaine use. J Clin Psychiatry 2003; 64: 1440-8opment. Curr Opin Neurobiol 1996; 6: 64-70

187. Gonzalez G, Sevarino K, Sofuoglu M, et al. Tiagabine increases168. Martin-Iverson MT, Todd KG, Altar CA. Brain-derived neuro-
cocaine-free urines in cocaine-dependent methadone-treatedtrophic factor and neurotrophin-3 activate striatal dopamine
patients: results of a randomized pilot study. Addiction 2003;and serotonin metabolism and related behaviors: interactions
98: 1625-32with amphetamine. J Neurosci 1994; 14: 1262-70

169. Horger BA, Iyasere CA, Berhow MT, et al.  Enhancement of 188. Gonzalez G, Sofuoglu M, Gonsai K, et al. Efficacy of tiagabine
locomotor activity and conditioned reward to cocaine by brain- or gabapentin in reducing cocaine use in methadone-stabilized
derived neurotrophic factor. J Neurosci 1999; 19: 4110-22 cocaine abusers [poster]. Presented at College on Problems of

Drug Dependence, 65th Annual Scientific Meeting; 2003 Jun170. Grimm JW, Lu L, Hayashi T, et al.  Time-dependent increases in
14-19, Bal Harbourbrain-derived neurotrophic factor protein levels within the

mesolimbic dopamine system after withdrawal from cocaine: 189. Tennant F, Tarver A, Sagherian A, et al.  A placebo-controlled
implications for incubation of cocaine craving. J Neurosci elimination study to identify potential treatment agents for
2003; 23: 742-7 cocaine detoxification. Am J Addict 1993; 2: 299-308

171. Grimm JW, Hope BT, Wise RA, et al.  Incubation of cocaine 190. Reid MS, Leiderman D, Casadonte P, et al.  A controlled trial of
craving after withdrawal. Nature 2001; 412: 141-2 olanzapine, valproate or coenzyme Q10/L-carnitine versus

placebo for the treatment of cocaine dependence [abstract].172. Carroll KM, Nich C, Ball SA, et al.  One-year follow-up of
Drug Alcohol Depend 2000; 60 Suppl. 1: S179disulfiram and psychotherapy for cocaine-alcohol users: sus-

tained effects of treatment. Addiction 2000; 95: 1335-49 191. Myrick H, Henderson S, Brady KT, et al.  Divalproex loading in
the treatment of cocaine dependence. J Psychoactive Drugs173. Carroll KM, Ziedonis D, O’Malley SS, et al. Pharmacologic
2001; 33: 283-7interventions for abusers of alcohol and cocaine: a pilot study

of disulfiram versus naltrexone. Am J Addict 1993; 2: 77-9 192. Halikas JA, Center BA, Pearson VL, et al.  A pilot, open clinical
study of depakote in the treatment of cocaine abuse. Hum174. Gorelick DA. Alcohol and cocaine: clinical and pharmacologi-
Psychopharmacol 2001; 16: 257-64cal interactions. Recent Dev Alcohol 1992; 11: 37-56

193. Kampman KM, Pettinati H, Lynch KG, et al. A pilot trial of175. George TP, Chawarski MC, Pakes J, et al.  Disulfiram versus
topiramate for the treatment of cocaine dependence. Drugplacebo for cocaine dependence in buprenorphine-maintained
Alcohol Depend. In presssubjects: a preliminary trial. Biol Psychiatry 2000; 47: 1080-6

194. Brodie JD, Figueroa E, Dewey SL. Treating cocaine addiction:176. Petrakis IL, Carroll KM, Nich C, et al.  Disulfiram treatment for
from preclinical to clinical trial experience with γ-vinylcocaine dependence in methadone-maintained opioid addicts.
GABA. Synapse 2003; 50: 261-5Addiction 2000; 95: 219-28

195. Raby WN, Coomaraswamy S. Gabapentin reduces cocaine use177. Carroll KM, Fenton LR, Ball SA, et al. Efficacy of disulfiram
among addicts from a community clinic sample. J Clin Psychi-and cognitive behavior therapy in cocaine-dependent outpa-
atry 2004; 65: 84-6tients: a randomized placebo-controlled trial. Arch Gen Psy-

chiatry 2004; 61: 264-72 196. Bisaga A, Aharonovich E, Nune E. Gabapentin treatment of
178. McCance-Katz EF, Kosten TR, Jatlow P. Chronic disulfiram cocaine dependence [poster]. Presented at College on Prob-

treatment effects on intranasal cocaine administration: initial lems of Drug Dependence, 65th Annual Scientific Meeting;
results. Biol Psychiatry 1998; 43: 540-3 2003 Jun 14-19, Bal Harbour

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



1572 Gorelick et al.

197. Gonsai K, Oliveto A, Poling J, et al.  Efficacy of sertraline in nous cocaine in non-treatment-seeking volunteers [abstract].
depressed, recently abstinent, cocaine-dependent patients [ab- Drug Alcohol Depend 2002; 66 Suppl. 1: S110
stract]. Drug Alcohol Depend 2002; 66 Suppl. 1: S67 217. Camacho A, Stein MB. Modafinil for social phobia and amphet-

198. Pulvirenti L, Balducci C, Koob GF. Dextromethorphan reduces amine dependence. Am J Psychiatry 2002; 159: 1947-8
intravenous cocaine self-administration in the rat. Eur J 218. Malcolm R, Book SW, Moak D, et al.  Clinical applications of
Pharmacol 1997; 321: 279-83 modafinil in stimulant abusers: low abuse potential. Am J

199. Kilpatrick GJ, Tilbrook GS. Memantine: Merz. Curr Opin In- Addict 2002; 11: 247-9
vestig Drugs 2002; 3: 798-806 219. Kampman KM, Volpicelli JR, Mulvaney F, et al. Effectiveness

200. Collins ED, Ward AS, McDowell DM, et al.  The effects of of propranolol for cocaine dependence treatment may depend
memantine on the subjective, reinforcing and cardiovascular on cocaine withdrawal symptom severity. Drug Alcohol De-
effects of cocaine in humans. Behav Pharmacol 1998; 9: 587- pend 2001; 63: 69-78
98 220. Dackis CA, Kampman KM, Lynch KG, et al. A double-blind,

201. Johnson BA, Devous MD, Ruiz P, et al.  Treatment advances for placebo-controlled trial of modafinil for cocaine dependence
cocaine-induced ischemic stroke: focus on dihydropyridine- [poster]. Presented at College on Problems of Drug Depend-
class calcium channel antagonists. Am J Psychiatry 2001; 158: ence, 66th Annual Scientific Meeting; 2004 Jun 12-17, San
1191-8 Juan

202. Gottschalk PCH, Kosten TR. Isradipine enhancement of cere- 221. Compton PA, Ling W, Charuvastra VC, et al.  Buprenorphine as
bral blood flow in abstinent cocaine abusers with and without a pharmacotherapy for cocaine abuse: a review of the evi-
chronic perfusion deficits. Am J Addict 2002; 11: 200-8 dence. J Addict Dis 1995; 14: 97-114

222. Montoya I, Gorelick D, Preston K, et al. Randomized trial of203. Malcolm R, Brady KT, Moore J, et al.  Amlodipine treatment of
buprenorphine for treatment of concurrent opiate and cocainecocaine dependence. J Psychoactive Drugs 1999; 31: 117-20
dependence. Clin Pharmacol Ther 2004; 75: 34-48204. Johnson BA, Roache JD, Wells L, et al.  Sub-acute dosing with

223. Adibhatla RM, Hatcher JF. Citicoline mechanisms and clinicalisradipine blocks cocaine euphoria and craving in phase II lab
efficacy in cerebral ischemia. J Neurosci Res 2002; 70: 133-9trials for medications to treat cocaine dependence. Drug Alco-

hol Depend 2002; 66 Suppl. 1: S86-7 224. Clark WM, Wechsler LR, Sabounjian LA, et al. A phase III
randomized efficacy trial of 2000 mg citicoline in acute ische-205. Ait-Daoud N, Wells L, Roache JD, et al.  Sub-acute dosing with
mic stroke patients. Neurology 2001; 57: 1595-602isradipine modestly decreases pressor response in a phase II

lab trials for medications to treat cocaine dependence [ab- 225. Penetar D, Rodolico J, Eaton J, et al. Citicoline treatment for
stract]. Drug Alcohol Depend 2002; 66 Suppl. 1: S4 cocaine dependence: safey and effects on sleep and subjective

mood states [abstract]. Presented at College on Problems of206. Batki SL, Bradley M, Moon J, et al.  A controlled trial of
Drug Dependence, 65th Annual Scientific Meeting; 2003 Junisradipine in cocaine dependence: preliminary analysis [ab-
14-19; Bal Harbourstract]. NIDA Res Monogr 1998; 179: 56

226. Lukas SE, Kouri EM, Rhee C, et al.  Effects of short-term207. Grabowski J, Rhoades H, Schmitz J, et al.  Dextroamphetamine
citicoline treatment on acute cocaine intoxication and cardio-for cocaine-dependence treatment: a double-blind randomized
vascular effects. Psychopharmacology 2001; 157: 163-7clinical trial. J Clin Psychopharmacol 2001; 21: 522-6

227. Majewska MD. HPA axis and stimulant dependence: an enig-208. Grabowski J, Rhoades H, Schmitz J, et al.  Methods for early
matic relationship. Psychoneuroendocrinology 2002; 27: 5-12phase medication development trials examined using the ago-

nist approach for cocaine dependence [abstract]. Drug Alcohol 228. Mendelson JH, Mello NK, Sholar MB, et al.  Temporal concor-
Depend 2002; 66 Suppl. 1: S68 dance of cocaine effects on mood states and neuroendocrine

hormones. Psychoneuroendocrinology 2002; 27: 71-82209. Shearer J, Wodak A, Van Beek I, et al.  Pilot randomized
double-blind placebo-controlled study of dexamphetamine for 229. Ward AS, Collins ED, Haney M, et al.  Ketoconazole attenuates
cocaine dependence. Addiction 2003; 98: 1137-41 the cortisol response but not the subjective effects of smoked

cocaine in humans. Behav Pharmacol 1998; 9: 577-86210. Walsh SL, Haberny KA, Bigelow GE. Modulation of intrave-
nous cocaine effects by chronic oral cocaine in humans. 230. Ward AS, Collins ED, Haney M, et al.  Blockade of cocaine-
Psychopharmacology 2000; 150: 361-73 induced increases in adrenocorticotrophic hormone and cor-

tisol does not attenuate the subjective effects of smoked co-211. Uemura N, Manari A, Shih K, et al.  The safety and efficacy of
caine in humans. Behav Pharmacol 1999; 10: 523-9sustained cocaine agonist exposures in suppressing cocaine

craving and self-administration in humans. Drug Alcohol De- 231. Shoptaw S, Majewska MD, Wilkins J, et al. Participants receiv-
pend 2002; 66 Suppl. 1: S185 ing dehydroepiandrosterone during treatment for cocaine de-

pendence show high rates of cocaine use in a placebo-control-212. Dackis C, O’Brien C. Glutamatergic agents for cocaine depend-
led pilot study. Exp Clin Psychopharmacol 2004; 12: 126-35ence. Ann N Y Acad Sci 2003; 1003: 328-45

232. Goeders NE. Stress and cocaine addiction. J Pharmacol Exp213. Rush CR, Kelly TH, Hays LR, et al.  Discriminative-stimulus
Ther 2002; 301: 785-9effects of modafinil in cocaine-trained humans. Drug Alcohol

Depend 2002; 67: 311-22 233. Preti A. Vanoxerine: National Institute on Drug Abuse. Curr
Opin Investig Drugs 2000; 1: 241-51214. Jasinski DR, Kovacevic-Ristanovic R. Evaluation of the abuse

liability of modafinil and other drugs for excessive daytime 234. Cantilena LR, Haigney M, Elkashef A, et al.  Clinical safety of
sleepiness associated with narcolepsy. Clin Neuropharmacol multiple escalating doses of GBR12909 in healthy volunteers
2000; 23: 149-56 [abstract]. Drug Alcohol Depend 2001; 63 Suppl. 1: S24

215. Dackis C, Lynch KG, Yu E, et al.  Modafinil and cocaine: a 235. Madras BK, Bendor JT, Meyerhoff AR, et al.  The tropane
double-blind, placebo-controlled drug interaction study. Drug horse: a novel cocaine antagonist strategy? [abstract]. Drug
Alcohol Depend 2003; 70: 29-37 Alcohol Depend 2002; 66 Suppl. 1: S24

216. Malcolm RJ, Donovan JL, DeVane CL, et al.  Influence of 236. Woolverton WL, Ranaldi R, Wang Z, et al.  Reinforcing
modafinil, 400 or 800 mg/day on subjective effects of intrave- strength of a novel dopamine transporter ligand: pharmacody-

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



Management of Cocaine Abuse 1573

namic and pharmacokinetic mechanisms. J Pharmacol Exp 247. Deng SX, de Prada P, Landry DW. Anticocaine catalytic anti-
Ther 2002; 303: 211-7 bodies. J Immunol Methods 2002; 269: 299-310

237. Haney M, Collins ED, Ward AS, et al.  Effect of a selective 248. Sun H, Shen ML, Pang Y-P, et al.  Cocaine metabolism acceler-
dopamine D1 agonist (ABT-431) on smoked cocaine self- ated by a re-engineered human butyrylcholinesterase. J
administration in humans. Psychopharmacology 1999; 143: Pharmacol Exp Ther 2002; 302: 710-6
102-10

249. Turner JM, Larsen NA, Basran A, et al.  Biochemical characteri-
238. Eder DN. CEE-03-310 CeNeS pharmaceuticals. Curr Opin In- zation and structural analysis of a highly proficient cocaine

vestig Drugs 2002; 3: 284-8 esterase. Biochemistry 2002; 41: 12297-307
239. Haney M, Ward AS, Foltin RW, et al.  Effects of ecopipam, a

250. Kantak KM. Anti-cocaine vaccines: antibody protection againstselective dopamine D1 antagonist, on smoked cocaine self-
relapse. Expert Opin Pharmacother 2003; 4: 213-8administration by humans. Psychopharmacology 2001; 155:

330-7 251. Ho M, Segre M. Inhibition of cocaine binding to the human
dopamine transporter by a single chain anti-idiotypic antibody:240. Nann-Vernotica E, Donny EC, Bigelow GE, et al.  Repeated
its cloning, expression, and functional properties. Biochimadministration of the D1/5 antagonist ecopipam fails to attenu-
Biophys Acta 2003; 1638: 257-66ate the subjective effects of cocaine. Psychopharmacology

2001; 155: 338-47 252. Kosten TR, Rosen M, Bond J, et al.  Human therapeutic cocaine
241. Neumeyer JL, Gu X-H, van Vliet LA, et al.  Mixed κ agonists vaccine: safety and immunogenicity. Vaccine 2002; 20: 1196-

and μ agonists/antagonists as potential pharmacotherapeutics 204
for cocaine abuse: synthesis and opioid receptor binding affini-

253. Kosten T. Immunotherapies for substance abuse: human cocainety of N-substituted derivatives of morphinan. Bioorg Med
vaccine [abstract]. Presented at College on Problems of DrugChem Lett 2001; 11: 2735-40
Dependence, 65th Annual Scientific Meeting; 2003 Jun 14-19;

242. Walsh SL, Geter-Douglas B, Strain EC, et al.  Enadoline and Bal Harbour
butorphanol: evaluation of κ-agonists on cocaine pharmaco-

254. Martell BA, Mitchell E, Poling J, et al. Vaccine pharmacother-dynamics and cocaine self-administration in humans. J
apy for the treatment of cocaine dependence [poster]. Present-Pharmacol Exp Ther 2001; 299: 147-58
ed at College on Problems of Drug Dependence, 66th Annual

243. Lavarone L, Hoke JF, Bottacini M, et al.  First time in human for
Scientific Meeting; 2004 Jun 12-17, San Juan

GV196771: interspecies scaling applied on dose selection. J
255. BioSpace. Large, unreachable markets? What biotechs are do-Clin Pharmacol 1999; 39: 560-6

ing [online]. Available from URL: http://www.biospace.com/244. Gorelick DA. Enhancing cocaine metabolism with butyryl-
articles/091699_biotechaddiction.cfm [Accessed 2002 Deccholinesterase as a treatment strategy. Drug Alcohol Depend
11]1997; 48: 159-65

245. Carmona GN, Schindler CW, Shoaib M, et al.  Attenuation of
cocaine-induced locomotor activity by butyrylcholinesterase.

Correspondence and offprints: Dr David A. Gorelick, 5500Exp Clin Psychopharmacol 1998; 6: 274-9
Nathan Shock Drive, Baltimore, NIDA IRP, MD 21224,246. Carrera MRA, Ashley JA, Wirsching P, et al.  A second-
USA.generation vaccine protects against the psychoactive effects of

cocaine. Proc Natl Acad Sci U S A 2001; 98: 1988-92 E-mail: dgorelic@intra.nida.nih.gov

© 2004 Adis Data Information BV. All rights reserved. Drugs 2004; 64 (14)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


