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Abstract
Rationale Laboratory animal and human models of drug
self-administration are used to evaluate potential pharma-
cotherapies for drug abuse, yet the utility of these models in
predicting clinically useful medications is variable.
Objective The objective of this study was to track how
antagonist, agonist, and partial agonist medication
approaches influence heroin and cocaine self-administration
by rodents, non-human primates, and humans and to
compare these results to clinical outcomes.
Results Across species, heroin self-administration was
decreased by all three medication approaches, paralleling
their demonstrated clinical utility. The heroin data empha-
size the importance of assessing a medication’s abuse
liability preclinically to predict medication abuse and
compliance and of considering subject characteristics (e.g.,
opioid dependence) when interpreting medication effects.
For cocaine, the effects of ecopipam, modafinil, and
aripiprazole were consistent in the laboratory and clinic,
provided that the medications were administered repeatedly
before self-administration sessions. Modafinil attenuated
cocaine’s reinforcing effects in the human laboratory and
improved treatment outcome, while ecopipam and aripipra-

zole increased the reinforcing effects of cocaine and do not
appear promising in the clinic.
Conclusions The self-administration model has reliably
identified medications to treat opioid dependence, and the
recent data with modafinil suggest that the human labora-
tory model also identifies medications to treat cocaine
dependence. There have been numerous false positives
when subjective effects are the primary outcome measure,
but not when self-administration is the outcome. Factors
relevant to the predictive validity of self-administration
procedures include medication maintenance and the con-
current assessment of a range of behaviors to determine
abuse liability and the specificity of effect.
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Laboratory testing of potential pharmacotherapies for drug
abuse is an essential component of medication develop-
ment. Although well-designed clinical trials are the stan-
dard by which the efficacy of a new medication is assessed,
clinical trials test the effects of a potential treatment
medication on a broad sample of patients, which is both
costly and potentially risky. Before exposing a large
number of treatment seekers to a medication, there needs
to be both a strong scientific rationale for combining the
medication with a drug of abuse as well as a demonstration
that the co-administration of the medication and the abused
drug is safe and selectively modifies the behavior of
interest: drug taking.

Models of drug self-administration in rodents, non-
human primates, and humans have been used to evaluate
the effects of candidate medications for the treatment of
drug dependence. The self-administration model provides
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meaningful behavioral data on the safety and efficacy of
potential treatment medications in a relatively small number
of individuals under carefully controlled conditions. It has
been hypothesized that medications that selectively de-
crease self-administration of drugs in the laboratory would
be useful in decreasing drug use in the clinic. Is this the
case?

Many of the issues related to the validity of preclinical
self-administration models have been thoroughly described
(Mello and Negus 1996). The objective of this review was
to focus on two drugs of abuse, heroin and cocaine, and to
track how select medications made the journey from rodent,
non-human primate, and human self-administration studies
to the clinic. The over-arching question is whether medica-
tion effects on heroin and cocaine self-administration
(human and non-human models) predict behavior in indi-
viduals seeking treatment for their drug use. In cases where
there is inconsistency, we will address the issues we believe
are important in improving the predictive validity of self-
administration models in medications development. Promis-
ing targets and procedural approaches to improve the
predictive validity of self-administration procedures for
medications development will also be discussed.

Overview of self-administration procedures

Rodents and non-human primates

The origin of the drug self-administration technique can be
traced back to studies of morphine dependence in chim-
panzees by Spragg (1940), while the widespread use of the
procedure stems from the development of reliable, auto-
mated methods for intravenous (i.v.) drug self-administration
in rats and monkeys in the 1960s (e.g., Weeks 1962;
Thompson and Schuster 1964; Pickens 1968; Woods and
Schuster 1968; Deneau et al. 1969). The acceptance of
animal drug self-administration procedures as a viable
research tool derives not only from the face validity of the
technique but, even more important, from the finding that
animals will reliably self-administer most drugs that are
abused by humans (e.g., Schuster and Johanson 1974;
Johanson and Balster 1978). The predictive validity of drug
self-administration techniques in animals for identifying
drugs with high abuse liability in people (Brady et al. 1987;
Balster 1991; Lile and Nader 2003) has made the procedure
virtually indispensable for the screening of investigational
drugs for abuse potential and has promoted the idea that
these techniques are also useful for identifying effective
pharmacotherapies to treat drug addiction. In addition, drug
self-administration techniques in animals remain among the
most relevant procedures for investigating neurobiological
mechanisms underlying the process of drug reinforcement.

Drugs can be self-administered by various routes of
administration, but in the case of cocaine and heroin, the
majority of studies in animals have been conducted using
the i.v. route in which drug injections are delivered to
the subject contingent on performance of a specified
response such as pressing a lever or operating a key. The
contingencies that determine when and how many
responses are required to produce an injection are
determined by the schedule of reinforcement, which are
simply those rules that govern the sequential and
temporal relations between responses and reinforcers. A
formal classification of schedules of reinforcement is
often made on the basis of whether an injection follows
a specified number of responses (ratio schedules) or
follows a response after a specified period of time has
elapsed (interval schedules). The majority of studies
involving cocaine or heroin self-administration have
employed simple fixed-ratio (FR) schedules, with a
substantial minority of studies using progressive-ratio
(see reviews by Richardson and Roberts 1996; Stafford
et al. 1998), second-order (see reviews by Everitt and
Robbins 2000; Schindler et al. 2002), or fixed-interval
schedules (see reviews by Spealman and Goldberg 1978;
Corrigall and Coen 1989). Each type of schedule engenders
its own characteristic temporal pattern and rate of respond-
ing, which are remarkably reproducible across species, type
of operant conditioning task, and type of reinforcer (e.g.,
food, drug, etc.). These characteristic schedule-controlled
performances can provide a meaningful way to compare
behavior maintained by drugs and other types of rein-
forcers, but can impose limitations on direct comparisons
across experiments using different schedules of drug self-
administration. In general, such limitations are minimally
restrictive in studies focusing on the reinforcing effects of
drugs with high abuse liability, but may play a critical role
in testing the effects of a potential medication to treat
cocaine or heroin addiction. For example, a candidate
medication with antagonist properties might increase drug
self-administration under a single-response FR schedule but
decrease self-administration under a schedule with greater
response demands or intermittency (e.g., progressive ratio
or second-order schedule).

Over the past several years, researchers have increasing-
ly modified drug self-administration procedures to bring
them more in line with the conditions that are encountered
by drug-dependent individuals. These modifications may
include provisions for “binge” patterns of cocaine self-
administration or more widely spaced patterns of heroin
self-administration and pairing environmental stimuli such
as lights or sounds that are explicitly associated with drug
injection or drug availability to mimic the myriad of
environmental cues associated with cocaine or heroin drug
purchase, preparation, and use. In addition, studies with
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laboratory animals may include alternative sources of
reinforcement, such as food, that are in effect either
concurrently or sequentially with the opportunity to self-
administer a drug in order to mimic the non-drug choices
available to drug-dependent individuals.

Evaluated over a sufficiently wide range of doses, drug
self-administration data in animal studies are frequently
characterized by an inverted U-shaped function relating the
drug dose and an appropriate measure of behavior such as
response rate or number of self-administered injections. The
characteristic inverted U-shaped dose–response curves for
cocaine, heroin, and other drugs typically reflect an
interaction between the reinforcing effects of the drug and
its other direct effects on behavior, which tend to emerge
over successive injections of high doses. Consequently, the
ascending portion of the inverted U-shaped curve may
provide the most unambiguous information regarding a
drug’s reinforcing effects, and it is this portion of the dose–
response curve that is typically studied in the human
laboratory where safety concerns override the testing of
potentially dangerous doses. As biphasic dose–response
curves do not always lend themselves well to simple
analysis, some researchers circumvent the problem by
limiting drug intake to only a single injection per day,
imposing sufficiently long inter-trial intervals to permit drug
washout and focusing on dependent variables other than
response rate, such as the proportion of responses allocated
to the “drug” lever in a choice procedure involving drug and
non-drug alternatives or “break point” in the case of
progressive-ratio schedules (Griffiths et al. 1976; Woolverton
and Balster 1981; Stafford et al. 1998; Negus 2006).

The basic design for preclinical evaluation of a potential
pharmacotherapy for cocaine or heroin abuse in animals is
similar to designs used in human laboratory studies. In a
typical animal study, once stable drug self-administration is
established, test sessions are conducted by administering a
candidate pharmacotherapy or its vehicle as a pretreatment
before the self-administration session, and the effect of the
medication relative to vehicle is measured. Studies of this
type typically test an appropriate range of doses of both the
candidate medication and the self-administered drug to de-
termine how the shape and position of the self-administration
dose–response curve are altered as a result of drug
pretreatment. Depending on the outcome, the candidate
medication also may be evaluated for its own ability to
maintain self-administration when substituted for cocaine or
heroin. Collectively, such studies can identify drugs that
alter cocaine or heroin self-administration in a manner
suggestive of potential clinical utility, as well as informa-
tion concerning the drug’s potential for patient acceptability
and/or abuse.

In practice, drug self-administration studies focusing
on medication development in animals are often paired

with corresponding studies involving non-drug rein-
forcers, such as food, to determine the specificity with
which a candidate medication affects drug-reinforced
behavior. Additional studies using drug discrimination
procedures and other quantitative behavioral assessments
also are frequently conducted in parallel with drug self-
administration studies to provide relevant information
about how the candidate medication may alter the
interoceptive effects of the self-administered drug and
about potential side effects. Such supplemental studies
correspond roughly with the subjective effects and drug
rating scales used to augment drug self-administration
data in human laboratory studies.

Humans

Heroin As in laboratory animal studies, human models of
drug self-administration utilize operant conditioning proce-
dures to provide objective and quantitative measures of
drug-reinforced behavior (Mello et al. 1981a). Human
laboratory models have characterized intravenous (Altman
et al. 1976; Mello and Mendelson 1980; Mello et al. 1981a,
1982) and intranasal (Comer et al. 1997) routes of heroin
self-administration. In some procedures, self-administration
is assessed in individuals who are currently opioid-
dependent. Comer et al. (1997, 1999, 2001), for example,
maintained volunteers on oral morphine, to avoid the onset
of opioid withdrawal while determining the reinforcing
effects of heroin using a progressive-ratio schedule. Oral
morphine administration, which produces minimal subjec-
tive response in dependent individuals, removes the
confound of opioid withdrawal from the determination of
heroin’s reinforcing effects. An alternative approach is to
have heroin-dependent volunteers undergo withdrawal
before self-administration sessions. This detoxification is
necessary, for example, when testing the effects of opioid
antagonists on heroin self-administration to avoid precipi-
tating withdrawal (e.g., Mello et al. 1981a).

Unlike cocaine, heroin is typically not used in a binge
pattern, but has an inter-dose interval of hours rather than
minutes. Thus, in some procedures, heroin may be self-
administered in a bolus at the end of an experimental session
(e.g., Comer et al. 1997) in which volunteers respond under a
progressive-ratio schedule for a dose of heroin and for
vouchers exchangeable for money. Participants receive
whatever combination of heroin and money they had earned
after the session is completed. In other procedures, partici-
pants have self-administered single doses of heroin at
6-h intervals. During the 6-h interval, participants have the
option to respond on tasks to earn either money or heroin
(Mello et al. 1981a). These studies demonstrate that heroin
self-administration is dose-dependent, with both i.v. and
intranasal heroin producing comparable break point values
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(Comer et al. 1999). Further, choice for heroin decreases as
the value of the alternative reinforcer increases (Comer et al.
1998).

Cocaine In the natural ecology, cocaine is primarily used
in a binge pattern where doses are repeatedly adminis-
tered with short inter-dose intervals. Thus, in the
laboratory, cocaine-dependent volunteers are typically
given the opportunity to self-administer a range of
cocaine doses repeatedly over several hours under careful
medical observation. The opportunity to respond to
receive doses of cocaine may occur at 10- to 40-min
intervals depending on the route of administration (Foltin
and Fischman 1996; Hatsukami et al. 1994; Dudish-
Poulsen and Hatsukami 1997; Haney et al. 2001; Foltin
and Haney 2004; Donny et al. 2003, 2004; Walsh et al.
2001). This procedure, along with concurrent measurement
of subjective effects and physiological markers, provides
dose- and time-dependent data on i.v., smoked and
intranasal cocaine self-administration, cocaine craving,
subjective-effects ratings, and cardiovascular effects.
Smoked cocaine has the fastest rate of onset, followed by
intravenous, intranasal, and oral routes (see Bigelow and
Walsh 1998). Smoked cocaine also produces greater
increases in ratings of “high” and “liking” than i.v. cocaine
despite equivalent cocaine plasma levels and is preferen-
tially self-administered when participants are given a choice
between smoked versus i.v. cocaine (Foltin and Fischman
1991, 1992).

In many procedures, volunteers are instructed to “sam-
ple” the dose of cocaine that is available during the session
and are subsequently given repeated opportunities to
choose between that dose and an alternative reinforcer,
such as a voucher worth $5.00. This sampled dose may
function as a “prime” to increase the likelihood of further
cocaine use (Spealman et al. 1999). Once cocaine use is
initiated, the probability is high that more cocaine will be
self-administered shortly thereafter even when the alterna-
tive to using cocaine is of considerable value, e.g.,
monetary reinforcers worth four times more than the street
value of the dose of cocaine (Walsh et al. 2001; Donny et
al. 2003, 2004).

By assessing both cocaine self-administration and a
range of subjective-effects rating scales, the model can be
used to determine whether a candidate medication shifts
choice away from cocaine to alternative, non-drug rein-
forcers, and if so, by what potential mechanism. That is, a
medication that decreases cocaine self-administration may
do so by specifically altering cocaine’s reinforcing effects
or by nonspecifically sedating the volunteers or making
them feel ill, decreasing cocaine craving, or by altering the
perception of cocaine’s effects (e.g., increasing anxiety and
decreasing a perceived “good drug effect”).

Opioid self-administration and medication effects

Antagonist approach: naltrexone

Rodents and non-human primates

The relatively early development of safe and effective mu
opioid antagonists, such as naloxone and naltrexone
(Blumberg and Dayton 1974), prompted wide speculation
that this class of drugs might be used successfully to treat
the problem of heroin addiction. This speculation was
supported by the consistent finding that naloxone and
naltrexone effectively reduced opiate self-administration in
rodents (Weeks and Collins 1976; Ettenberg et al. 1982;
Koob et al. 1984) and non-human primates (Griffiths et al.
1976; Harrigan and Downs 1978). Follow-up studies
involving comprehensive dose–response analyses, the
availability of alternative reinforcers, and chronic treatment
regimens have continued to offer compelling evidence that
naloxone and naltrexone induce a selective antagonism of
heroin’s reinforcing effects (Bertalmio and Woods 1989;
Rowlett et al. 1998; Negus 2006). Doses of the antagonists
typically used in these studies produced few adverse effects
in non-dependent subjects but were sufficient to precipitate
withdrawal signs in animals rendered physically dependent
to mu opioid agonists.

Human laboratory

Naltrexone (50, 75 mg/day p.o.) has also been shown to
suppress heroin self-administration in detoxified heroin-
dependent volunteers. Specifically, under placebo mainte-
nance conditions, research volunteers self-administered
57.5–100% of the total heroin available, whereas under
naltrexone maintenance, participants took only 2.0–7.5% of
the total heroin available (Meyer and Mirin 1979; Mello et
al. 1981b). More recently, depot formulations of naltrexone
have been developed as an alternative to the oral route of
administration. In the laboratory, depot naltrexone (384 mg
s.c.) has been shown to antagonize the reinforcing and
subjective effects of heroin (up to 25 mg i.v.) for 4–5 weeks
(Comer et al. 2002b; Sullivan et al. 2006).

Clinical trial

Naltrexone safely and effectively blocks the effects of
heroin when used clinically, consistent with the laboratory
data in humans and laboratory animals. Yet, oral naltrexone
is not an effective treatment medication because of poor
patient compliance (O’Brien et al. 1975; Schecter 1980;
Capone et al. 1986). Clinical trials with naltrexone have
demonstrated efficacy in only a subset of highly motivated
patients, such as physicians who will lose their medical
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license if they return to opioid use. The majority of patients
discontinue naltrexone use within days or weeks. It appears
that the daily decision to either take a highly potent
reinforcer (heroin) or to take a medication with no
reinforcing effects to block the effects of heroin (naltrex-
one) eventually results in a high dropout rate and a return to
heroin use (Kleber 1985).

As mentioned above, depot naltrexone may improve
the compliance difficulties associated with oral formula-
tions. A clinical trial comparing two doses of depot
naltrexone (192, 384 mg s.c.) to placebo demonstrated
dose-dependent improvement in both treatment retention
and opioid abstinence, thereby providing evidence of the
efficacy and tolerability of this formulation of naltrexone
(Comer et al. 2006).

Agonist approach: methadone

Rodents and non-human primates

Studies since the mid-1970s have investigated the effects of
methadone, a high efficacy mu agonist, on self-administration
of heroin and other abused opiates in laboratory animals
(Griffiths et al. 1976; Jones and Prada 1977; Harrington
and Downs 1981; Mello et al. 1983; Negus 2006). Using a
discrete-trial choice procedure in which baboons could
select either an injection of heroin or delivery of food,
Griffiths et al. (1976) found that continuous i.v. infusion
of methadone (8.3 mg kg−1 day−1) for 10 days or longer
resulted in a consistent decrease in self-administered
heroin and an increase in the number of food deliveries,
suggesting that chronic methadone maintenance selective-
ly decreased the reinforcing effects of heroin. Harrington
and Downs (1981) also reported that continuous i.v.
infusion of methadone (4–24 mg kg−1 day−1) results in a
dose-related decrease in heroin self-administration by rhesus
monkeys. However, when the infusion dose of methadone
was sufficiently high to reduce self-administration of a
broad range of heroin doses, the subjects appeared
“debilitated and depressed”, suggesting a generalized
suppression of behavior rather than a selective effect on
heroin reinforcement. Related behavioral side effects of
methadone also were observed in a study by Mello et al.
(1983) in which self-administration behavior by rhesus
monkeys was evaluated during alternating daily sessions of
either opiate (heroin or hydromorphone) or food reinforce-
ment. In that study, daily pretreatment with gradually
increasing doses of methadone (0.18–11.86 mg kg−1 day−1

over a 4-month period) did not consistently reduce heroin
self-administration even at doses that disrupted food-rein-
forced responding. The findings of Harrington and Downs
(1981) and Mello et al. (1983) are largely consistent with
those reported in dogs allowed to self-administer morphine

24 h/day (Jones and Prada 1977). In that study, continuous
i.v. infusion of methadone (7.0–48.4 mg kg−1 day−1 depend-
ing on the subject) resulted in a temporary reduction of
morphine self-administration that was accompanied by
marked sedation. The different profile of effects of metha-
done maintenance reported in baboons compared to rhesus
monkeys and dogs are not easily reconciled, but may be due
to methodological factors (e.g., choice vs. non-choice self-
administration procedures) and differences in the degree to
which subjects were physically dependent on opiates (pre-
sumably less severe under conditions of limited heroin
access).

Heroin addiction in humans is thought to be maintained
both by the positive reinforcing effects of the self-administered
drug and by amelioration of the aversive effects induced by
opiate withdrawal. Thus, Negus (2006) investigated the
effects of continuously infused methadone (0.1–0.56 mg
kg−1 h−1 i.v. in 5-day blocks) on heroin self-administration
by rhesus monkeys using a choice procedure involving
concurrent scheduling of heroin and food reinforcement.
Subjects initially were studied under a condition of limited
heroin access (approximately 100 mg/day), which did not
induce appreciable physical dependence. Under these con-
ditions, methadone had little or no effect on either heroin
choice or total heroin intake. The subjects were then made
physically dependent on heroin by adding supplemental
periods of heroin self-administration, which increased the
daily heroin intake seven to eightfold. In these heroin-
dependent subjects, termination of supplemental heroin
increased heroin self-administration during choice periods
and induced overt signs of opiate withdrawal. Methadone
(0.56 mg kg−1 h−1) prevented both the withdrawal-associated
increase in heroin choice and the emergence of withdrawal
signs, findings that appear to model key effects of methadone
in heroin-dependent people.

Human laboratory

In humans, methadone is administered orally rather than
intravenously. An early human laboratory study showed
that methadone maintenance (100 mg) substantially de-
creased self-administration of hydromorphone (4 mg i.v.)
compared to the period before methadone administration
(Jones and Prada 1975). Similarly, methadone (50–150 mg)
maintenance dose-dependently decreased choice to self-
administer heroin (10, 20 mg i.v.) and increased choice for
an alternative reinforcer (money) in opioid-dependent
volunteers (Donny et al. 2005).

Clinical trial

Methadone maintenance has been used to effectively
decrease opioid use since the 1960s (Dole and Nyswander
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1965; see Gonzalez et al. 2002). Essential to methadone’s
efficacy is dose, as larger methadone doses are more
effective than smaller doses in improving clinical out-
come (Strain et al. 1999), consistent with the human
laboratory data showing that lower methadone doses do
not fully block the reinforcing effects of heroin (Donny
et al. 2005).

Partial agonist approach: buprenorphine

Rodents and non-human primates

Buprenorphine is a potent, long-acting partial agonist at
the mu opioid receptor where it exhibits a profile of
mixed agonist and antagonist properties. Like conven-
tional mu antagonists, buprenorphine (i.v.) decreases
self-administration of heroin and related mu agonists in
non-human primates and rodents (Mello et al. 1983;
Winger et al. 1992; Winger and Woods 1996; Mello and
Negus 1998; Negus 2006; Chen et al. 2006). Comparing
across studies, the results are consistent with the conclu-
sion that buprenorphine induces a relatively selective
antagonism of the reinforcing effects of mu agonists. In
a recent study by Negus (2006), which involved choice
between concurrently available heroin and food, for
example, buprenorphine induced a dose-dependent, right-
ward shift in the dose–response curve for heroin choice in
non-dependent rhesus monkeys—an effect virtually iden-
tical to that of naloxone. After the subjects were rendered
physically dependent on and then withdrawn from heroin,
buprenorphine partially blunted overt signs of withdrawal
and withdrawal-induced increases in heroin choice—
effects similar to but considerably less pronounced than
those of methadone. Aceto (1984) also reported that
buprenorphine induced a partial suppression of withdrawal
signs in morphine-dependent rhesus monkeys.

As expected of a partial mu agonist, buprenorphine
(i.v.) serves as a reinforcer in non-human primates with a
history of opioid self-administration (Mello et al. 1981a,
1988; Young et al. 1984; Mello and Mendelson 1985;
Lukas et al. 1986; Winger and Woods 2001). Direct
comparisons of buprenorphine self-administration with
self-administration of other mu agonists suggest that
buprenorphine’s reinforcing effect is low compared to that
of heroin and on a par with the reinforcing effect of
methadone (Mello and Mendelson 1985; Mello et al. 1988).
Tolerance to the reinforcing effects of buprenorphine also
may be greater than tolerance to the effects of heroin or
morphine (Winger and Woods 2001). Collectively, these
findings suggest that intravenous buprenorphine functions
as a reinforcer, but does not induce abuse to a degree
comparable to heroin.

Human laboratory

The first laboratory studies of buprenorphine demonstrated
that maintenance on subcutaneous buprenorphine (8 mg)
decreased heroin self-administration (up to 13.5 mg i.v.) by
69–98% compared to placebo maintenance in detoxified
heroin abusers (Mello and Mendelson 1980; Mello et al.
1982). The subjective effects produced by this dose of
buprenorphine was approximately equivalent to that pro-
duced by 40–60 mg of methadone (Jasinksi et al. 1978).

More recent studies with buprenorphine utilized a
sublingual tablet formulation, which has lower bioavail-
ability than parenteral formulations but is the only
preparation currently available in the USA. The influence
of sublingual buprenorphine (8 and 16 mg) on heroin self-
administration (6.25 to 25 mg i.v.) have been assessed in
opioid-dependent research volunteers. The reinforcing
effects of an intermediate dose of heroin (12.5 mg) was
significantly lower when participants were maintained on
the higher dose of buprenorphine (16 mg), but buprenor-
phine did not significantly block heroin self-administration
at the other dose combinations (Comer et al. 2001). These
data, which differ from those reported by Mello and
colleagues, most likely reflect the lower potency and
bioavailability of sublingual compared to subcutaneous
buprenorphine. In addition, the timing of the buprenorphine
administration (19 h before heroin self-administration
sessions) likely resulted in the limited effectiveness of
buprenorphine in the study by Comer and colleagues.

In the laboratory, buprenorphine (0.125 to 8 mg i.v.)
was not self-administered more than placebo by opioid-
dependent volunteers, but detoxified heroin users self-
administered higher doses of buprenorphine (0.5 to 8 mg
i.v.) than placebo, demonstrating abuse potential by the
i.v. route of administration for this group (Comer et al.
2002a, 2005, 2008b; Comer and Collins 2002). These latter
findings are generally consistent with the results obtained in
self-administration studies with animals and appear to be
borne out by international epidemiological evidence of i.v.
buprenorphine abuse (Obadia et al. 2001; Vidal-Trecan
et al. 2003)

In light of the abuse potential for buprenorphine by the
i.v. route, sublingual formulations combining naloxone with
buprenorphine have been developed and are currently the
primary formulation used in the USA. Naloxone has low
bioavailability orally, but is effective as an opioid antago-
nist when given parenterally. Therefore, if taken sublin-
gually as prescribed, naloxone should not interfere with the
effects of buprenorphine. If buprenorphine/naloxone is
crushed and used either intranasally or intravenously,
however, the antagonist effects of naloxone should blunt
the reinforcing effects of buprenorphine. Furthermore, if
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diverted for illicit use by heroin-dependent individuals, the
naloxone component of the formulation would be expected
to precipitate opioid withdrawal symptoms. The addition
of naloxone, therefore, should reduce the abuse liability of
buprenorphine both by blunting the acute effects of
parenteral buprenorphine and by precipitating withdrawal
symptoms in dependent individuals.

A laboratory comparison of a range of buprenorphine/
naloxone doses combinations on intranasal heroin self-
administration (12.5 to 50 mg) by opioid-dependent
volunteers demonstrated that 8/2 mg and 32/8 mg bupre-
norphine/naloxone combinations were well tolerated and
decreased heroin’s reinforcing and subjective effects com-
pared to a low dose of buprenorphine/naloxone (2/0.5 mg;
Comer et al. 2005). Thus, the combination appears to be
efficacious at sufficient dose levels.

There is, however, little indication from human labora-
tory studies to suggest that the combination is less
reinforcing than buprenorphine alone. In detoxified heroin
abusers, buprenorphine/naloxone combinations (2/0.5 and
8/2 mg) produced fewer opioid-related subjective effects,
but were as reinforcing as buprenorphine alone (2 and
8 mg; Comer and Collins 2002). It may be that buprenor-
phine/naloxone combinations would have less abuse liabil-
ity if opioid-dependent populations were studied. Further
research on this key population is clearly needed.

Clinical trial

At certain doses, buprenorphine is as efficacious as
methadone in reducing opiate use and promoting treatment
retention (see Johnson et al. 2000). An advantage of
buprenorphine over methadone is that due to buprenor-
phine’s long duration of action and ceiling effect on agonist
activity (Greenwald et al. 2007), daily dosing is not
required. Patients who receive high doses of buprenorphine
two or three times per week show comparable abstinence
rates as those receiving lower doses of buprenorphine on a
daily basis (Marsch et al. 2005). The efficacy of combining
naloxone with buprenorphine to decrease the abuse liability
of intravenous administration is still under investigation,
but recent evidence suggests that buprenorphine/naloxone
tablets are less preferred and carry a lower street price than
buprenorphine alone in a population of untreated i.v. opioid
users (Alho et al. 2007), consistent with the human
laboratory data.

Summary

Although human and animal preclinical self-administration
models predicted naltrexone’s pharmacological blockade of
heroin’s reinforcing effects, naltrexone is not an effective

pharmacotherapy because most patients do not comply with
prescribed treatment regimens. These data emphasize that
the pharmacological properties of a medication cannot be
considered in isolation of compliance issues. More recent
advances in depot formulations of naltrexone may effec-
tively address this issue.

Poor compliance with oral naltrexone also highlights
the benefits of using full or partial agonists as opposed
to antagonists in treating drug dependence. Human and
animal preclinical models of heroin self-administration
predicted the clinical effects of both methadone and
buprenorphine for which compliance is less of an issue.
In non-human primates, methadone maintenance
decreases heroin self-administration most selectively
when animals were opioid-dependent and undergoing
withdrawal (Negus 2006). In parallel, human laboratory
and clinical trial studies in opioid-dependent individuals
demonstrate that long-term maintenance on methadone
dose-dependently decreases opioid self-administration in
the laboratory as well as opioid abuse in the natural
ecology. Similarly, buprenorphine maintenance decreases
heroin self-administration in the rodent, non-human pri-
mate, and human laboratory, consistent with improved
retention rates and drug toxicology results in the clinic.
Buprenorphine’s antagonist-like properties attenuate the
effects of heroin and other mu agonists, while its agonist-
like properties likely contribute to its improved compliance
compared to conventional mu antagonists (see Walsh and
Eissenberg 2003). These agonist effects also emphasize the
importance of assessing the abuse liability of potential
treatment medications in laboratory studies, so adaptations
could be made before clinical use (such as combining
naloxone and buprenorphine).

Cocaine self-administration and medication effects

There have been a vast number of medications tested to
treat cocaine dependence, including antidepressants, anti-
convulsants, antipsychotics, and mood stabilizers, among
others (see Grabowski et al. 2004), but none have been
efficacious, and none have been Food and Drug Adminis-
tration (FDA)-approved for this indication. Given the
success in opioid pharmacotherapy, it is useful to consider
a parallel approach for the treatment of cocaine depen-
dence. Thus, we will describe an antagonist, agonist,
and partial agonist approach to modulating cocaine self-
administration, with the caveat that these terms are
imprecise pharmacologically because multiple neurotrans-
mitter systems mediate cocaine’s reinforcing effects. Dopa-
mine plays an important (Ritz et al. 1987; Bergman et al.
1989; Madras et al. 1989) but, by no means, exclusive role
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in mediating cocaine reinforcement, so antagonists at this
one receptor class, for example, are not truly cocaine
antagonists. Nonetheless, there is heuristic value in com-
paring the successes seen with opioid treatment to the
approach used for cocaine.

“Antagonist” approach: ecopipam (SCH 39166)

The two main families of dopamine receptor subtypes (D1
and D2; Jackson and Westlind-Danielsson 1994; Kebabian
and Calne 1979) both contribute to cocaine’s reinforcing
effects (Spealman et al. 1992; Woolverton and Johnson
1992), yet maintenance on D2 antagonists can produce
permanent extrapyramidal side effects, so the following
discussion will primarily focus on studies testing D1
receptor antagonists.

Rodents and non-human primates

Acute pretreatment with D1 antagonists appears to block
cocaine’s reinforcing effects in rats (Caine and Koob 1994;
Depoortere et al. 1993; Hubner and Moreton 1991) and
monkeys (Bergman et al. 1990; Campbell et al. 1999) in a
partially surmountable manner. Some studies report that
acute pretreatment with the D1 antagonist, SCH 23390
(Howell and Byrd 1991; Woolverton 1986; Woolverton and
Virus 1989) or SCH 39166 (ecopipam; Winger 1994; Platt
et al. 2001) only suppressed cocaine self-administration at
doses that produced catalepsy or decreased responding for
food, yet others indicate that D1 antagonists selectively
alter cocaine self-administration at doses that do not result
in motor incapacitation or impaired responding for food in
rats (Caine and Koob 1994; McGregor and Roberts 1993)
or monkeys (Kleven and Woolverton 1990). In general,
however, such selectivity is observed over a relatively
narrow dose range (see review by Platt et al. 2002).

Chronic administration of dopamine antagonists over
days or weeks often results in a diminution or reversal of
the effects seen after acute administration. Although acute
administration of dopamine D1 or D2 antagonists can block
cocaine’s reinforcing and discriminative-stimulus effects,
repeated antagonist administration can increase cocaine’s
reinforcing (self-administration) and rewarding (condi-
tioned place preference) effects in rats (Emmett-Oglesby
and Mathis 1988; Kosten et al. 1996; Kosten 1997).

Additionally, termination of chronic dopamine antago-
nist administration may produce a pattern of effects
different from that seen after acute administration. In rhesus
monkeys, acute pretreatment with a D1 antagonist initially
decreased cocaine self-administration in two out of four
monkeys, but after antagonist maintenance was termi-
nated, self-administration of cocaine was increased in

three out of four monkeys compared to the period
before antagonist exposure (Kleven and Woolverton
1990). That is, doses of cocaine that maintained relatively
low levels of self-administration maintained higher levels
of self-administration after chronic exposure to a D1
antagonist. Further, termination of chronic D1 antagonist
administration in rodents was associated with a leftward
shift in the dose–response curve for the discriminative-
stimulus and locomotor stimulant effects of cocaine and
other indirect or direct dopamine agonists (Barone et al.
1988; Braun et al. 1997; Vaccheri et al. 1987). These
behavioral shifts were associated with an increased density
of D1 receptors (Creese and Chen 1985; Gui-Hua et al.
1992; Hess et al. 1986) and enhanced D1 receptor
sensitivity (White et al. 1998). Overall, the data suggest
that maintenance on a D1 antagonist may lead to a
persistent enhancement of the reinforcing and subjective
effects of cocaine after antagonist administration is
terminated.

Human laboratory

Data from the human laboratory are consistent with these
preclinical findings. Acute pretreatment with the selective
D1 antagonist, ecopipam (10, 25, 100 mg p.o.), dose-
dependently decreased the effects of cocaine (30 mg i.v.) on
ratings of “high” and “good drug effect” and decreased the
reported desire for cocaine in cocaine-dependent research
volunteers (Romach et al. 1999). By contrast, maintenance
on ecopipam (10–100 mg p.o. for 5–7 days before smoked
or i.v. cocaine) either did not decrease cocaine’s subjective
effects (0–50 mg/70 kg i.v.; Nann-Vernotica et al. 2001) or
was shown to increase self-administration of a low cocaine
dose (12 mg) while also increasing ratings of “high” and
“good drug effect” as well as the perceived quality of larger
cocaine doses (25, 50 mg; Haney et al. 2001).

Clinical data

In accordance, controlled, multi-site clinical trial testing
ecopipam maintenance in cocaine-dependent treatment
seekers was terminated due to a lack of efficacy (see
Grabowski et al. 2000). Thus, the effects of ecopipam
maintenance in the clinic are consistent with human cocaine
self-administration models and are consistent with primate
and rodent cocaine self-administration procedures when the
medication was administered repeatedly.

“Agonist” approach: modafinil

The mechanism by which the FDA-approved wake-promoting
agent, modafinil, interacts with cocaine has not been
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established. Many (but not all) of modafinil’s neurochemical
effects overlap with those of cocaine. Thus, modafinil
occupies both dopamine and norepinephrine transporter sites
(Mignot et al. 1994), and clinically relevant doses of
modafinil increase extracellular dopamine levels (Madras et
al. 2006). Further, modafinil enhances glutamate release and
inhibits both γ-aminobutyric acid release (Ferraro et al.
1999) and the firing of midbrain dopamine neurons
(Korotkova et al. 2007). Note that although D-amphetamine
may be a closer neurochemical analogue to cocaine than
modafinil to demonstrate an agonist approach and D-
amphetamine has shown promise preclinically and clinically
for the treatment of cocaine dependence (see Grabowski et
al. 2004), this medication has not been tested in the human
laboratory, so does not follow the format of the other
medications discussed.

In terms of abuse liability, human volunteers self-
administer modafinil more than placebo under certain
conditions (Stoops et al. 2005), but most studies suggest
that the medication has low abuse liability even among
drug abusers (Jasinski 2000; Rush et al. 2002a, b), and
post-marketing surveillance indicate modafinil misuse is
low (see Myrick et al. 2004). The presence of positive
mood effects, in fact, is likely a positive feature in that it
improves medication compliance.

Rodents and non-human primates

In rats, acute modafinil pretreatment (up to 128 mg/kg)
had no effect on cocaine self-administration (Deroche-
Gamonet et al. 2002), but the effects of chronic modafinil
administration on cocaine reinforcement has not been
studied. There are also no data, to our knowledge, on
modafinil’s effects on cocaine self-administration by non-
human primates.

Human laboratory

In human laboratory studies, modafinil produced stimulant-
like effects and improved cognitive performance when
individuals were tired (Hart et al. 2008). The first
human laboratory studies combining modafinil with
cocaine (i.v.) demonstrated that modafinil was not only
safe in combination with cocaine but that it also
decreased cocaine’s intoxicating and cardiovascular
effects (Dackis et al. 2003; Malcolm et al. 2006;
Donovan et al. 2005). A recent human study of smoked
cocaine self-administration demonstrated that modafinil
maintenance (200, 400 mg/day) decreased high-dose
cocaine self-administration (25, 50 mg) as well as
cocaine’s intoxicating (e.g., high, good drug effect) and
cardiovascular effects.

Clinical trial

A pilot clinical trial showed that modafinil (400 mg/day)
significantly reduced the number of cocaine-positive urines
(Dackis et al. 2005), consistent with the laboratory data. A
more recent multi-site clinical trial appears to confirm
modafinil’s efficacy to facilitate abstinence in cocaine-
dependent patients provided that patients were not also
alcohol-dependent or did not have a history of alcohol
dependence (F. Vocci, 8/07, personal communication).

Partial agonist approach: aripiprazole

Rodents and non-human primates

Various dopamine D1- and D2-like partial agonists have been
proposed as candidate pharmacotherapies for cocaine addic-
tion based on their ability to modulate i.v. cocaine self-
administration in rodents and non-human primates (see review
by Platt et al. 2002). Surprisingly, there appears to be only
one published report that specifically examined the effects of
aripiprazole, an atypical D2-like partial agonist with low
incidence of extrapyramidal side effects, in rats trained to
self-administer cocaine (Feltenstein et al. 2007). Although
acute aripiprazole pretreatment (0.5–2.5 mg/kg, i.p.) signif-
icantly attenuated the reinstatement of extinguished cocaine
seeking after the administration of cocaine or cocaine-
paired cues, aripiprazole did not significantly reduce self-
administration of cocaine. A trend toward increased intake
of cocaine at higher doses of aripiprazole is consistent with
findings using conventional D2-like partial agonists, such
as terguride, in rats (e.g., Pulvirenti et al. 1998).

Human laboratory

There are few published studies available with aripiprazole
and cocaine to date. There is one human laboratory study
with oral D-amphetamine showing that acute aripiprazole
pretreatment (2.5 to 15 mg/day) decreased the discriminative-
stimulus and subjective effects of this drug (Lile et al.
2005). In terms of cocaine, only preliminary data from an
ongoing self-administration study are available to date. In
this study by Haney and colleagues, cocaine-dependent
participants were maintained on both placebo and aripipra-
zole (15 mg/day) capsules for 17 days before the onset of
cocaine self-administration sessions (it takes 2 weeks to
achieve steady state with aripiprazole). Smoked cocaine
dose–response curves (0, 12, 25, 50 mg) were determined
using a progressive-ratio schedule of reinforcement. Prelim-
inary data show that aripiprazole maintenance robustly
increased cocaine (12, 25 mg) self-administration compared
to placebo maintenance. Aripiprazole did not appear to alter
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cocaine intoxication, although it increased baseline rates of
anxiety.

Clinical trial

To date, there are no published clinical trials testing
aripiprazole to treat cocaine dependence. However, a recent
clinical trial for amphetamine dependence was terminated
early because the aripiprazole group showed greater
amphetamine use than those receiving placebo (Tiihonen
et al. 2007), which appears consistent with the human
laboratory findings with cocaine.

Summary

Overall, data from non-human animal and human labora-
tory studies are consistent with clinical outcome. Acute
ecopipam administration blocked cocaine’s reinforcing
effects in rats and monkeys and decreased cocaine’s
positive subjective effects in human subjects. When
ecopipam was given chronically, however, it increased
cocaine self-administration in animal and human labora-
tory studies and, predictably, did not improve clinical
outcome in individuals seeking treatment for their cocaine
use in clinical trials. Similarly, aripiprazole maintenance
increased cocaine self-administration in the laboratory and
appeared to worsen outcome for amphetamine treatment
(no clinical data on cocaine are available to date). Note
that it does not appear that either aripiprazole or ecopipam
increased cocaine self-administration by antagonizing the
reinforcing effects of cocaine because cocaine “high” was
not blunted by either ecopipam or aripiprazole mainte-
nance compared to placebo. That is, if these medications
increased cocaine self-administration in an attempt to
overcome a blockade of reinforcement, one would expect
to see a parallel decrease in ratings of cocaine intoxica-
tion. Rather, the fact that the acute effects of ecopipam and
aripiprazole in combination with psychostimulants were in
an opposite direction as when these medications were
given repeatedly suggests that maintenance on dopamine
antagonists or partial agonists may enhance the reinforcing
effects of psychostimulants.

The clinical data with modafinil, although preliminary,
appear to validate the human laboratory model of cocaine
self-administration for medications development by dem-
onstrating that modafinil maintenance decreases high dose
cocaine self-administration in the laboratory and decreases
cocaine use in the clinic. No studies in rodent and non-
human primates have yet been conducted in which
modafinil is administered repeatedly before cocaine self-
administration. These studies are essential to validate the
preclinical self-administration model relevant to cocaine
pharmacotherapy.

Overall conclusions and recommendations

Self-administration versus other models

The self-administration model clearly predicts medica-
tions that effectively treat opioid dependence and appears
also to be the best behavioral paradigm for predicting
medications to treat cocaine dependence. Preclinical
studies often assess the effects of acute medication
pretreatment on cocaine self-administration, while the
majority of human studies have been either open-label
clinical trials or laboratory studies characterizing medica-
tion effects on cocaine craving or “high,” but not cocaine
self-administration. Cocaine’s subjective effects contribute
to its abuse liability, so it is reasonable to presume that
modulating these effects with medications would predict
clinical outcome. However, this assumption is not
supported empirically.

Although there are examples in which medications,
such as amantadine, bromocriptine, and phenytoin,
failed to decrease cocaine intoxication in the laboratory
(Collins et al. 2003; Preston et al. 1992; Sofuoglu et al.
1999) and also failed to decrease cocaine use in clinical
trials (Kampman et al. 2006; de Lima et al. 2002; Gorelick
and Wilkins 2006), overall, cocaine’s subjective effects
appear to be more sensitive to modulation by medications,
resulting in a high rate of false positives when this is the
primary outcome measured (see also Comer et al. 2008a).
A vast array of compounds including gabapentin, desipra-
mine, pergolide, risperidone, ecopipam, selegeline, ven-
lafaxine, and naltrexone, for example, have been shown to
decrease ratings of a cocaine intoxication or cocaine-
elicited craving in the laboratory (Hart et al. 2004, 2007a,
b; Fischman et al. 1990; Haney et al. 1998; Romach et al.
1999; Newton et al. 1999; Foltin et al. 2003; Sofuoglu et
al. 2003), yet none of these compounds decreased cocaine
use in controlled clinical trials (Bisaga et al. 2006;
Campbell et al. 2003; Malcolm et al. 2000; Grabowski et
al. 2000; Elkashef et al. 2006; Ciraulo et al. 2005; Grassi
et al. 2007).

By contrast, cocaine self-administration is extraordi-
narily difficult to disrupt. Even medications that substan-
tially decrease cocaine craving or its “good drug effect”
rarely decrease cocaine self-administration (e.g., Fischman
et al. 1990; Haney et al. 1999; Hart et al. 2004, 2007a, b). In
fact, no medication has robustly and selectively decreased
cocaine self-administration in the human laboratory until a
recent study with modafinil, which attenuated both
cocaine’s reinforcing and subjective effects (Hart et al.
2008). Two other medications, baclofen and buprenorphine,
have been shown to significantly decrease cocaine use as
well, but these effects were either limited to a low dose of
cocaine or reflected an apparent leftward shift in the
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cocaine dose–response curve. Specifically, baclofen
produced a small but significant decrease in low-dose
cocaine self-administration (Haney et al. 2006). Baclofen
has also shown promise in a pilot clinical trial for cocaine
dependence (Shoptaw et al. 2003), but more recent clinical
work suggests that baclofen’s effects may not be suffi-
ciently robust to reduce ongoing cocaine abuse (S. Shop-
taw, 3/06, personal communication). Buprenorphine, the
only other medication shown to significantly decrease
high-dose cocaine self-administration, appeared to do so
by significantly enhancing cocaine intoxication, mimicking
a cocaine-heroin “speedball” effect (Foltin and Fischman
1994), which is less than ideal for a potential treatment
medication.

To summarize, animal self-administration models help
eliminate from consideration candidate medications that
display undesirable properties (e.g., high abuse potential,
side effects; Platt et al. 2002), and human self-administration
studies predict medication failure or success in the clinic
with much better accuracy than studies that solely rely
on self-reported subjective effects or measures of craving.
The large number of false positives obtained in studies
that do not assess self-administration emphasizes the
importance of this measure when investigating potential
pharmacotherapies.

Medication maintenance

Clinically useful medications targeting drug dependence
require long-term treatment regimens to be maximally
effective. Yet, evaluations of potential pharmacotherapies
for cocaine and opiate dependence in animal drug self-
administration studies most often utilize acute medication
pretreatment paradigms. One factor that may be essential
to improving the predictive validity of laboratory self-
administration models is the duration of medication
administration (see Mello and Negus 1996; McCance-
Katz et al. 2001; Grabowski et al. 2004). Treatment
durations of just several days can reveal changes in the
effects of a candidate medication that might not be
anticipated on the basis of its acute effects. Some
medications only decrease cocaine self-administration
when given acutely, while others require repeated
administration before selectively attenuating drug self-
administration: Acute D-amphetamine administration sup-
pressed both food-intake and cocaine self-administration
in non-human primates, but with repeated D-amphetamine
administration, tolerance developed to the suppression of
food intake, but not the suppression of cocaine self-
administration (Negus and Mello 2003). Thus, rodent,
non-human primate, and human laboratory models may
gain improved predictive power by adopting protocols that
include longer periods of medication treatment.

Alternative reinforcers

The majority of drug self-administration studies in labora-
tory animals have not provided explicit alternative rein-
forcers as part of the experimental design, leading to the
suggestion that animal self-administration studies model
populations at higher risk for drug addiction compared to
the general population, i.e., those at risk for drug use may
be in an environment with few other sources of reinforce-
ment (see Ahmed 2005). As most individuals who use
drugs are faced with at least minimally reinforcing alter-
natives to drug use, animal self-administration procedures
involving drug and non-drug alternatives provide a mean-
ingful paradigm for evaluating the impact of such alter-
natives. A consistent finding in such studies is that
increasing the relative availability of alternative reinforcers
results in a reduction of drug choice (Nader and Woolverton
1992; Woolverton et al. 1997; Campbell and Carroll 2000).
Similarly, increasing the value of an alternative reinforcer in
human studies decreases drug choice (Higgins et al. 1994;
Hatsukami et al. 1994), although the value of the alternative
reinforcer appears to have less impact once drug (particu-
larly cocaine) self-administration is initiated (Donny et al.
2003).

Medications that decrease the reinforcing effects of
heroin or cocaine should shift choice from these drugs to
non-drug alternatives. Shifts of this type have been
observed consistently for heroin self-administration in
both animal and human laboratory studies, supporting the
continued use of choice procedures for evaluating
potential pharmacotherapies for cocaine or heroin abuse
in both the animal and human laboratory setting. Few
medications have selectively and robustly shifted cocaine
self-administration, but it may be that this behavior
would be more sensitive to medication effects if
alternative reinforcers were immediate (as the cocaine
reinforcer is). For example, non-human primates respond-
ing to receive either cocaine or an alternative reinforcer
chose less cocaine if the delivery of the alternative
reinforcer was immediate compared to when the delivery
of the alternative reinforcer was delayed (Woolverton and
Anderson 2006). In most human laboratory procedures, the
alternative reinforcer is not available until completion of the
study. Additional research is needed to test the impact of
immediate non-drug reinforcers on cocaine choice com-
pared to delayed reinforcers to develop a more comprehen-
sive characterization of how potential medications influence
cocaine self-administration.

Treatment-seeking versus non-treatment-seeking subjects

Some have argued that a general flaw of laboratory models
is that human research volunteers (as well as laboratory
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animals) are not motivated to use less drug (Marlatt 1996).
In addition, self-administration procedures in both humans
and laboratory animals typically focus on stable patterns of
drug intake, which do not model the transition from casual
to compulsive drug use or relapse (see Ahmed 2005).
Although modeling specific features of the addiction cycle
is necessary for understanding the neurobiology of addic-
tion, it is not necessarily essential for developing medi-
cations to target compulsive drug use. An effective model
need not be identical to behavior in the natural ecology to
predict behavior in the natural ecology. Thus, as demon-
strated most clearly by heroin self-administration studies,
medications that decrease heroin’s direct reinforcing effects
in humans or laboratory animal models accurately predict
clinical outcome despite the fact that the animals have
stable patterns of drug intake and that the human volunteers
are not seeking treatment.

Ethics of self-administration models

It is critical to consider the ethics of using laboratory
animals, particularly non-human primates, and humans in
translational self-administration studies. In addressing this
question, one must also consider the ethics of not
determining the safety and efficacy of a medication that
may contribute to the treatment of cocaine or heroin
dependence (Fischman and Johanson 1998). Non-human
primates are most closely related to humans in terms of
neurochemistry, pharmacokinetics, and behavior and are
sufficiently distinct from rodents to play an essential role in
medications development (see Weerts et al. 2007). Labora-
tory models using human research volunteers who are
unambiguous about their intent to continue to use cocaine
or heroin have been used safely for more than 30 years
(Fischman et al. 1976; Meyer and Mirin 1979) and are an
important precursor to exposing hundreds of patients to a
medication with unknown effects on drug use. Given that
the self-administration model is more predictive of clinical
response than other laboratory procedures, studying the
effects of a potential medication on a drug’s reinforcing
effects under carefully controlled conditions in a relatively
small number of individuals appears to be both scientifi-
cally meaningful and ethical.

Suggestions for future research

To confirm the validity of cocaine self-administration
models for medications development, future studies should
use a top-down approach to test the few laboratory
medications that have shown some clinical success. Rodent
and non-human primate studies need to be conducted with
modafinil maintenance (not pretreatment) to compare to the
clinical data, while human laboratory studies testing

sustained-release D-amphetamine’s effects on cocaine
self-administration should be done (see Grabowski et al.
2004). The fact that both modafinil and D-amphetamine
have shown clinical promise suggests that agonist-like
medications show the most promise for treating cocaine
dependence.

In addition, opioid data illustrate that treatment
approaches obviating compliance problems (e.g., depot
naltrexone) are an important treatment goal. A long-lasting,
non-pharmacological approach that has tremendous poten-
tial for treating cocaine dependence is vaccination. Cocaine
vaccines decrease cocaine self-administration in rats
(Kantak 2003) and substantially blunt ratings of smoked
cocaine “high” (by 50–70% depending on cocaine dose) in
cocaine-dependent research volunteers (Haney et al., CPDD
presentation 2006). Cocaine self-administration in vacci-
nated volunteers has not yet been tested, but there are
clinical indications that the vaccine is safe and well
tolerated in cocaine-dependent patients (Kosten et al 2002;
Martell et al. 2005), and the cocaine vaccine will undergo
further clinical testing. Not all individuals produce suffi-
cient antibody titers in response to vaccination, but among
those who do, an enormous benefit is that the response to
cocaine appears to be blunted for at least several weeks
(Haney and Kosten 2005). Thus, antibodies may be able to
prevent a slip or single use of cocaine from becoming a
full-scale relapse and could provide a period of time in
which a motivated patient could profit from psychosocial
treatment and develop cognitive strategies to avoid future
drug use.
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