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Abstract
The objective of this review is to describe self-administration procedures for modeling addiction to
cocaine, cannabis and heroin in the human laboratory, the benefits and pitfalls of the approach, and
the methodological issues unique to each drug. In addition, the predictive validity of the model for
testing treatment medications will be addressed. The results show that all three drugs of abuse are
reliably and robustly self-administered by non-treatment-seeking research volunteers. In terms of
pharmacotherapies, cocaine use is extraordinarily difficult to disrupt either in the laboratory or in the
clinic. A range of medications has been shown to significantly decrease cocaine’s subjective effects
and craving without decreasing either cocaine self-administration or cocaine abuse by patients. These
negative data combined with recent positive findings with modafinil suggest that self-administration
procedures are an important intermediary step between pre-clinical and clinical studies. In terms of
cannabis, a recent study suggests that medications that improve sleep and mood during cannabis
withdrawal decrease the resumption of marijuana self-administration in abstinent volunteers. Clinical
data on patients seeking treatment for their marijuana use are needed to validate these laboratory
findings. Finally, in contrast to cannabis or cocaine dependence, there are three efficacious Food and
Drug Administration-approved medications to treat opioid dependence, all of which decrease both
heroin self-administration and subjective effects in the human laboratory. In summary, self-
administration procedures provide meaningful behavioral data in a small number of individuals.
These studies contribute to our understanding of the variables maintaining cocaine, marijuana and
heroin intake, and are important in guiding the development of more effective drug treatment
programs.
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INTRODUCTION
Self-administration is a procedure for directly characterizing drug reinforcement by requiring
that individuals make a behavioral response in order to receive a dose of drug. The procedure
has several features that make it essential for understanding abuse liability, for characterizing
the compulsive nature of drug addiction and for evaluating medications to treat this disorder.
In fact, one of the most important features of the self-administration procedure is its validity.
First, addiction comprises drug-taking behavior, which is precisely what is modeled by self-
administration, thereby demonstrating face validity. Second and more important is predictive
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validity. There is a high degree of consistency between the drugs that are abused by humans
and the drugs that non-human animals will self-administer, demonstrating that the mechanisms
mediating drug reinforcement are largely conserved across species. Thus, the technique is
indispensable for determining whether a novel compound or candidate treatment medication
is likely to have abuse potential (Brady et al. 1987; Balster 1991; Lile & Nader 2003). In
addition, self-administration procedures are predictive when used to evaluate potential
treatment medications for drug dependence.

Studies of cocaine pharmacotherapy are the most illustrative for evaluating the predictive
validity of laboratory models. Over 60 medications have proven ineffective for the treatment
of cocaine dependence in double-blind, placebo-controlled clinical trials, which are the
standard by which a new medication is assessed (see Vocci & Ling 2005). These negative
clinical data therefore highlight which preliminary studies predicted medication effects in
cocaine-dependent patients and which did not. Approximately 20% of the medications used in
clinical trials were tested in human models of cocaine self-administration where they also failed
to shift cocaine taking. By contrast, as discussed below, many of these same medications
significantly decreased ratings of cocaine craving or its subjective effects. Given that clinical
trials take several years to complete, require hundreds of patients and are costly and potentially
risky (see Fischman & Foltin 1998), it is essential to use experimental models that accurately
predict clinical outcome.

Construct validity, like face validity, is arguably less relevant than predictive validity for
developing potential treatment medications. Construct validity refers to the similarity in
mechanisms underlying drug taking in the laboratory and drug taking in the natural ecology.
Self-administration may or may not have construct validity, but as discussed by Epstein and
colleagues, few pre-clinical models of psychiatric disorders and their pharmacological
treatment do (see Epstein et al. 2006). Construct validity may be highly relevant when
characterizing the neurobiological basis of addiction, yet within the context of medications
development, the most relevant issue is predictive validity.

The first objective of this review is to describe procedures for measuring cocaine, cannabis
and heroin self-administration procedures in the human laboratory. The overall benefits and
pitfalls of self-administration and methodological issues unique to each drug will be discussed.
Given that clinical outcome for drug treatment is characterized by high rates of relapse, human
laboratory studies attempting to model this critical component of addiction will also be
described. Finally, the review will address the predictive validity of the models for testing
treatment medications for cocaine, cannabis and heroin dependence.

METHODS
Self-administration procedures: overall

There are numerous ways by which self-administration has been assessed in humans (see Rocha
et al. 2008), but most studies described below measure operant responding, in which
participants make a behavioral response, such as pressing a spacebar, in order to receive drug.
Volunteers may be required to emit a specified number of responses (fixed-ratio schedule), or
a progressive-ratio schedule may be utilized, in which successive choices for one reinforcer
requires progressively greater responding (increased response cost). The frequency by which
drugs are available for self-administration within a laboratory session typically approximates
the pattern by which the drug is abused. For example, smoked cocaine may be made available
for self-administration every 15 minutes, while the inter-dose interval for intravenous heroin
might be 6 hours. In addition to measures of reinforcement, ratings of drug and mood effects
are also obtained in order to provide information on drug craving, and the subjective experience
of the drug, as well as medication side effects.
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For ethical reasons, the research volunteers enrolled in cocaine, heroin or cannabis self-
administration studies are currently abusing the drug under investigation but express no interest
in receiving treatment for their drug use. Lighter drug users (e.g. ‘chippers’) are usually not
enrolled in studies attempting to model drug dependence because medication effects on drug
taking in this population may not model medication effects in heavier users; drug taking in
occasional users would likely be easier to disrupt with a medication than drug use in daily or
near-daily drug users. Although research volunteers may abuse drugs other than the one under
investigation, they cannot meet criteria for dependence on any other drug (except nicotine).
Depending on the research question being asked, participants may be studied under conditions
where they manifest symptoms of withdrawal, or they may be allowed to self-administer
sufficient quantities of drug to prevent the onset of withdrawal symptoms. Research volunteers
are typically excluded if they meet criteria for a current major Axis 1 psychiatric disorder
(schizophrenia, major depression, bipolar disorder, suicidality).

These characteristics of research volunteers may differ from the characteristics of some clinical
patients, who are not only seeking treatment, but who may also have psychiatric co-morbidities
as well as other drug dependencies. Nonetheless, the data presented below suggest that studies
conducted in non-treatment seekers predict outcome in clinical patients overall. As recently
reviewed (Haney & Spealman 2008), an effective model need not be identical to behavior in
the natural ecology to predict behavior in the natural ecology. Thus, as demonstrated most
clearly by heroin self-administration studies, medications that decrease heroin’s direct
reinforcing effects in the human laboratory accurately predict clinical outcome, despite the fact
that the research volunteers may not be identical to clinical patients.

Cocaine
Modeling self-administration
Procedures: Cocaine, whether abused by the intranasal, intravenous or smoked route of
administration, is rarely taken in single doses but is used in a binge pattern, in which multiple
doses are administered in quick succession. Once a binge of cocaine use has ended, a period
of abstinence ensues that may last for several days (e.g. Gossop et al. 1994). Since the
probability is high that once cocaine use is initiated, more cocaine will be used shortly
thereafter, research volunteers are given the opportunity to repeatedly self-administer doses of
cocaine within a single session. Given that even cocaine-dependent individuals may go several
days without cocaine after a binge, laboratory models do not necessarily incorporate daily self-
administration sessions into their design. This pattern contrasts with studies testing drugs that
produce a more marked withdrawal than cocaine. For example, in-patient studies in opioid-
dependent volunteers often administer opioids at regular intervals to prevent the onset of
withdrawal symptoms. However, cocaine withdrawal is a subtle phenomenon when measured
in a hospital setting among non-treatment seekers (Foltin & Fischman 1997a,b; Haney et al.
2001a), so this daily dosing is not necessary in cocaine studies.

As mentioned above, self-administration studies should probably enroll ‘heavy’ cocaine users
rather than ‘chippers’, if the results are to be generalized to treatment seekers. In some studies,
for example, research participants spend $200–$300 per week on cocaine, consistently test
positive for urinary cocaine metabolites and report using cocaine for over 10 years (e.g. Haney,
Foltin & Fischman 1998; Haney et al., 2001b; Donny, Bigelow & Walsh 2004). However, not
all of these participants meet DSM (Diagnostic and Statistical Manual of Mental Disorders)
criteria for cocaine dependence because, as non-treatment seekers, they often report no distress
about their cocaine use. Participants rarely report experiencing tolerance or withdrawal (both
are minimal for cocaine), they have no desire to cut down on their cocaine use, and they report
no psychological or physical problems related to their cocaine use. Thus, the criterion of
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cocaine dependence has neither a medical nor scientific rationale in non-treatment-seeking
drug users. The most relevant characteristic is ongoing patterns of cocaine use.

Issues: Cocaine is a robust reinforcer and is reliably self-administered significantly more than
placebo, regardless of the route by which it is administered. In fact, a problem in developing
models of cocaine self-administration is that research volunteers take near-maximal levels of
any active cocaine dose that is made available to them, so self-administration is often not dose-
dependent (Fischman et al. 1990; Foltin & Fischman 1992). Since only individuals who are
not attempting to curtail their drug use are enrolled in laboratory studies, there is little
motivation not to take every dose of cocaine made available, even low cocaine doses. Thus, a
number of strategies have been employed to incorporate a choice or a ‘cost’ to self-
administration so that differences between the reinforcing effects of cocaine doses emerge.

One strategy is to have participants choose between a dose of cocaine or an alternative, non-
drug reinforcer, such as money or a voucher later to be exchanged for money. Outpatient studies
have shown that the value of the alternative reinforcer lawfully influences cocaine choice
(Higgins, Bickel & Hughes 1994). In an in-patient setting, a range of studies has assessed
smoked cocaine self-administration when a $5 voucher was available as the alternative, which
is a dollar amount that was over twice the rated street value of the highest cocaine dose tested.
Although there are examples in which choice for cocaine over money was dose-dependent
(Collins et al. 1998, 2006), in many cases, low doses of cocaine are chosen at comparable rates
as higher doses (Haney et al. 1999a; Haney, Hart & Foltin 2006; Collins et al. 2003; Hart et
al. 2007), suggesting that the vouchers were not consistently competitive with cocaine.

It would appear that an obvious solution to this problem would be to increase the value of the
alternative reinforcer. Yet, as discussed below, studies by Walsh, Donny and colleagues have
shown that once cocaine use is initiated, it is difficult to halt: even large dollar amounts do not
shift high-dose cocaine self-administration. In part, this may reflect the fact that most studies
have participants sample the dose to be tested immediately prior to self-administration sessions,
thereby ‘priming’ further cocaine use and making it more difficult to modulate (e.g. Fischman
et al. 1990; Foltin & Fischman 1992; Dudish, Pentel & Hatsukami 1996). The alternative
reinforcer value appears to have more impact in a relapse model of self-administration, where
choice is assessed before individuals have used any cocaine that day.

In addition to priming, another reason that cocaine choice is difficult to shift is that cocaine is
available immediately, while the money alternative can not be used until the study’s conclusion,
which could be days or even weeks. This delay lessens the value of the money or voucher
relative to cocaine (see Petry 2001). One in-patient study, which addressed this problem by
having participants choose between cocaine and tokens that provided immediate access to
privileges otherwise unavailable (e.g. pizza, radio, candy), found that choice between tokens
and high-dose cocaine was comparable (Foltin & Fischman 1994). An ongoing study by
Vosburg, Foltin and colleagues is also attempting to address the problem of delayed
reinforcement by offering a choice between cocaine and the opportunity to earn cash by playing
a game of chance. In lieu of cocaine, participants can draw balls from a spinning wheel, with
each ball associated with a particular dollar amount ($0–$20). The study compared one dose
of smoked cocaine to 2, 4 or 6 draws from the spinning wheel. Preliminary data suggest that
significantly less cocaine is self-administered when the chance to participate in the game is
high (6 chances) than when it is low (2 chances). Although money earned in the game is still
not available until study conclusion, the opportunity to play the game appears to be reinforcing.
These data are consistent with the reported efficacy of prize-based contingency management
procedures in stimulant abusers (Petry et al. 2005).
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Another strategy to distinguish the reinforcing effects of cocaine doses is to use a progressive-
ratio schedule of responding. For example, in one study, choice for cocaine or a voucher
increased the response requirement for the chosen option by 400 presses, while the requirement
for the non-chosen option did not change. This procedure engendered dose-dependent cocaine
self-administration (Haney et al. 1998). A similar approach had participants accurately
complete 100 arithmetic problems to earn tokens that could be exchanged for either money or
cocaine. After each token was earned, the requirement to earn the next token increased by 100
math problems, so the fifth token required that the participants complete 500 math problems.
This procedure also engendered dose-dependent cocaine self-administration (Dudish et al.
1996).

Overall, these studies show that cocaine is robustly self-administered and that models of
cocaine self-administration need to incorporate a ‘cost’ or a valid alternative to cocaine use in
order to have a procedure that better models the natural ecology, where variables such as cost
or access to non-drug activities influence drug-taking behavior. Procedures that modulate
cocaine taking in the laboratory include use of a progressive-ratio schedule, and access to
immediate rather than delayed alternative reinforcers.

Modeling relapse—Given that cocaine use perpetuates more cocaine use, it is perhaps
understandable that it has been so difficult to find a medication to disrupt this behavior: the
paradigm first primes cocaine self-administration and then determines if a medication will shift
choice away from an immediate reinforcer (cocaine) to one that is delayed (vouchers). An
alternative to halting ongoing drug use is to decrease the likelihood that those who have been
abstinent will relapse. Pre-clinical data suggest that the neural mechanisms mediating drug
seeking differ from those mediating self-administration (Spealman et al. 1999; see Shaham et
al. 2003), so relapse and ongoing drug taking are likely maintained by distinct factors.

Although relapse is a defining feature of addiction, the factors influencing this behavior are
poorly understood. Stressful stimuli, exposure to cocaine-paired cues and cocaine
administration increase cocaine craving (Jaffe et al. 1989; Ehrman et al. 1992; Carter & Tiffany
1999; Sinha et al. 1999), yet craving does not necessarily predict self-administration (Fischman
et al. 1990; Dudish-Poulsen & Hatsukami 1997; Haney et al. 1998, 2001b; Foltin & Haney
2000) or relapse to cocaine use in treatment seekers (Negrete & Emil 1992; Kosten et al.
2006). In order to develop relapse-prevention medications, it is important to demonstrate that
these environmental events result in an actual return to drug use. The following laboratory
studies have investigated each condition on cocaine self-administration.

Effect of cocaine: The influence of a range of alternative reinforcer values (money) on cocaine
self-administration was tested in the presence and absence of a ‘priming’ dose of cocaine.
Alternative reinforcer value was either high ($16) for the first choice, and became lower for
each subsequent choice, or was low ($1) for the first choice and became higher for subsequent
choices. The studies showed that if no cocaine was ‘on board,’ and the dollar value was high,
participants would preferentially choose money. If cocaine was already on board, even a high
dollar value would not decrease cocaine self-administration. Thus, priming with cocaine shifted
choice to cocaine over the money alternative (Walsh et al. 2001; Donny et al. 2003, 2004).

Effect of cocaine cues: Participants experienced either a cocaine stimuli condition (cocaine
video, handle cocaine-related paraphernalia) or a neutral stimuli condition (nature video, make
tea). Cocaine craving was measured, and then participants had the choice to do math problems
to earn tokens that could be exchanged for either cocaine or money ($2) available upon study
termination. Cocaine-paired cues significantly increased cocaine craving compared to neutral
cues, but the cues did not increase self-administration (Dudish-Poulsen & Hatsukami 1997).
Similarly, presentation of non-drug cues that had been systematically paired with cocaine
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increased ratings of craving without influencing cocaine self-administration (Foltin & Haney
2000). Thus, cues were shown to increase cocaine craving but have not been shown to increase
self-administration.

Effect of both cocaine cues and cocaine: In a pilot study, laboratory cues were paired with
cocaine, and then cocaine self-administration was tested when participants had been: (1)
administered an active dose of cocaine and exposed to the cocaine-paired cues; (2) only exposed
to the cues; and (3) neither exposed to the cues or cocaine. Participants had to decide how many
doses of cocaine they were going to smoke (maximum of five) immediately after the cue
presentation so that the effect of the experimental manipulations could be isolated, and not
confounded by self-administered cocaine. Participants were required to purchase the cocaine
using their actual study earnings ($50/in-patient day), as previous studies have shown that
cocaine self-administration was 40–45% lower when participants had to pay for it (Foltin &
Haney 2000) compared to getting it for free (Foltin & Fischman 1992; Haney et al. 1999a).
Each day, the cost of cocaine was $5, $10 or $15 for each administration, and participants were
offered a $25/day bonus if no cocaine was used that day. Each cue condition was tested in
combination with each cost condition.

As shown in Fig. 1, cocaine-associated cues and cocaine influenced subsequent cocaine self-
administration: regardless of cost, cocaine choice was lowest when participants had not been
exposed to cocaine-paired cues or cocaine (-cue, -prime). Choice increased with cues alone,
and increased even further, following cocaine administration. Additionally, the cost of cocaine
influenced choice. Within each of the cue conditions, choice was highest when cocaine was
relatively inexpensive ($5) and lowest when cocaine was expensive ($15). These pilot data are
the first to demonstrate that a cocaine cue alone increases cocaine self-administration in
humans, and that the effect was enhanced when cocaine was on board. Ongoing studies will
determine the influence of medications on cue- and cocaine-elicited self-administration using
this model. If promising, clinical trial data focusing on relapse will be needed to confirm the
model’s validity.

Medications development: issues and predictive validity—The effects of
medications on cocaine relapse are often not assessed either clinically (see Epstein et al.
2006) or in the laboratory. Rather, almost all clinical trials have targeted ongoing cocaine use,
and almost all cocaine self-administration models have targeted this same behavior. The results
from the clinic and from the human laboratory are entirely consistent. Until recently, no
medication robustly shifted cocaine-taking behavior, even when these medications
significantly decreased cocaine craving or intoxication. For example, desipramine resulted in
a 40% decrease in ratings of cocaine craving, yet had no effect on the amount of cocaine self-
administered in the human laboratory (Fischman et al. 1990) or used in the clinic (Campbell
et al. 2003). Maintenance on dopamine agonists (pergolide, ABT-431), or the GABA agonist,
gabapentin, significantly decreased ratings of cocaine ‘high’ but had no effect on cocaine self-
administration (Haney et al. 1998, 1999a; Hart et al. 2004, 2007), and all three medications
were proven to be either ineffective compared to placebo (Levin et al. 1999; Malcolm et al.
2001; Vocci & Ling 2005; Bisaga et al. 2006). Thus, medications may decrease cocaine’s
subjective effects or cocaine craving but still fail in clinical trials, suggesting that the
measurement of these ratings alone may not be sufficient to predict clinical response (Haney
& Spealman 2008; Comer et al. 2008).

Although negative self-administration data are consistent with the negative clinical outcome,
a positive relationship between the laboratory and the clinic is more compelling for
demonstrating predictive validity. Yet, it has been difficult to find a medication that robustly
decreased cocaine use in either setting. Maintenance on baclofen produced a small decrease in
low-dose cocaine self-administration (Haney et al. 2006), and showed promise in a clinical
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pilot trial (Shoptaw et al. 2003), but the effect is too modest to suggest that baclofen would
effectively treat cocaine dependence. Modafinil, by contrast, was recently shown to decrease
high-dose smoked cocaine self-administration in cocaine users (Hart et al. 2008). Modafinil
also decreased ratings of cocaine ‘high’ and ‘good drug effect’ (Dackis et al. 2003; Donovan
et al. 2005; Malcolm et al. 2006). These laboratory findings correspond well with pilot clinical
trial data showing that modafinil significantly reduced the number of cocaine-positive urines
(Dackis et al. 2005), and with a recent multi-site clinical trial, which appear to confirm
modafinil’s efficacy to promote abstinence in cocaine-dependent patients, provided that
patients were not alcohol dependent or did not have a history of alcohol dependence (F. Vocci,
personal communication, August 2007).

Decreasing a drug’s reinforcing effects is only one component of an effective treatment
medication. Another component is compliance. Human laboratory studies have shown that
modafinil produces stimulant-like subjective effects (Hart et al. 2006), and is self-administered
more than placebo under certain conditions (Stoops et al. 2005), suggesting modest abuse
liability. However, even high doses of modafinil do not produce cocaine- or amphetamine-like
discriminative-stimulus or subjective effects (Jasinski 2000; Rush et al. 2002a,b), and
postmarketing surveillance indicates that modafinil misuse is low (Myrick et al. 2004). Thus,
modafinil has some agonist effect, which may increase the likelihood that patients will be
compliant in taking it, but it is not a medication that is likely to be abused.

One factor that appears to be important for predictive validity is the duration of medication
administration prior to the assessment of cocaine’s effects. Treatment durations of just several
days can reveal changes in the effects of a medication that differ from its acute effects (see
Haney & Spealman 2008). For example, acute pre-treatment with the D1 antagonist, ecopipam,
decreased cocaine intoxication (Romach et al. 1999), while maintenance on the same dose
enhanced both cocaine intoxication and its self-administration (Haney et al. 2001a), and did
not decrease cocaine use in a clinical trial (see Grabowski et al. 2000). Testing the effects of
medication maintenance on the cocaine self-administration dose-response function is time-
consuming, and may increase the risk of participant dropout. Yet, these procedures are more
consistent with clinical trial outcome, supporting their utility as a ‘first pass’ clinical screen
for new pharmacotherapies (see McCance-Katz, Kosten & Kosten 2001).

Cannabis
Modeling self-administration
Procedures: Cannabis self-administration studies, which were initiated over 30 years ago
(Mendelson et al. 1976), have demonstrated that marijuana is reinforcing: active marijuana is
self-administered significantly more than placebo marijuana (Mendelson & Mello 1984; Chait
& Zacny 1992; Haney et al. 1997; Ward et al. 1997), and is dose-dependent, i.e. marijuana
smokers choose to smoke high potency cigarettes over low potency cigarettes (Chait & Burke
1994; Kelly et al. 1997). In the natural ecology, daily marijuana users often smoke several
times per day, with effects lasting approximately several hours. Thus, in in-patient studies,
self-administration occurs repeatedly throughout the day. To limit the influence of individual
smoking styles, cued-smoking procedures are often used to control how long participants inhale
and hold marijuana smoke in their lungs (Foltin et al. 1987). Participants may smoke a pre-
determined number of puffs in this manner, or cued-smoking procedures may be repeated until
a specified portion of the marijuana cigarette (e.g. 70%) has been smoked (Cooper and Haney,
in preparation).

Self-administration of marijuana is largely maintained because it is a positive reinforcer. Yet,
in daily marijuana smokers, self-administration may also be maintained because of its negative
reinforcing effects. Abstinence in daily marijuana smokers can result in withdrawal,
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characterized by irritability, craving, and disrupted sleep and food intake (see Budney et al.
2004; Haney 2005), which manifest after approximately 24 hours of abstinence and lasts for
several weeks (Kouri & Pope 2000). In the laboratory, withdrawal is alleviated by the
resumption of marijuana smoking or by the double-blind administration of Δ9-
tetrahydrocannabinol (THC), the primary psychoactive cannabinoid in marijuana,
demonstrating the pharmacological specificity of withdrawal (Haney et al. 1999b, 2004; Hart
et al. 2002). In the clinic, marijuana smokers report using marijuana to alleviate withdrawal
symptoms (Stephens, Roffman & Simpson 1993; Stephens, Roffman & Curtin 2000; Budney,
Novy & Hughes 1999), supporting the idea that withdrawal contributes to relapse and the
maintenance of marijuana use. Thus, in-patient studies with daily marijuana smokers need to
make marijuana available nearly everyday, unless withdrawal is part of the study design.

Issues: Although dose-dependent marijuana smoking has been observed, marijuana smokers
often titrate their smoking as a function of marijuana potency, which can lessen the relationship
between marijuana strength and its self-administration. Even when smoking inhalation times
are controlled using cued-dosing procedures, marijuana smokers adjust how deeply they inhale,
inhaling harder when the potency is low than when it is high in order to control the level of
intoxication. In an example from one study, the remains of marijuana cigarettes were weighed
after volunteers took three controlled puffs from cigarettes of differing potencies (0.0, 1.8,
3.6% THC), and the remaining cigarette weight was 0.47 (±0.02), 0.53 (±0.03) and 0.63 (±0.02)
mg, respectively, demonstrating that the weaker the marijuana, the deeper the participants
inhaled (Cooper and Haney, in preparation).

An additional issue with marijuana self-administration is that, similar to cocaine, non-
treatment-seekers self-administer active marijuana virtually each time it is made available, e.g.
eight marijuana cigarettes per day (Kelly et al. 1997). Thus, strategies such as alternative
reinforcers and progressive-ratio schedules have been used to incorporate a cost to self-
administration, to see if it would vary as a function of marijuana strength. In one in-patient
study, participants responded under a progressive-ratio schedule for a marijuana cigarette (0.0,
2.2 or 3.9% THC) or snack items that were otherwise unavailable. Yet, participants chose active
marijuana at nearly every timepoint, so neither the alternative reinforcer (snack items) nor the
progressive-ratio schedule shifted choice. Participants also chose the low potency (2.2%)
marijuana as often as the higher potency marijuana (3.9%).

Money has also been tested as an alternative to marijuana. One study manipulated the amount
of work required to obtain the money reinforcer: Marijuana smokers chose between marijuana
(0.0, 1.8, 3.9% THC) and money ($5). To earn either reinforcer, participants had to complete
a variety of tasks, and they had to achieve a performance criterion in order to obtain the
reinforcer (based on individual baseline performance scores). The criterion did not vary for
marijuana, but for money there were three conditions: easy, standard and hard. The results
showed that when it was hard to earn money, participants chose marijuana more than money,
but when earning money was easier or was as easy as earning marijuana, participants chose
money over marijuana. This preference for money may partly reflect the fact that five marijuana
cigarettes were available in a short period of time (3 hours), so participants may have
preferentially chosen money because 1–2 marijuana cigarettes in 3 hours was sufficient. Again
marijuana choice was not dose-dependent (Ward et al. 1997), which either reflects dose
titration or the failure to find a competitive alternative to marijuana.

Thus, marijuana is robustly self-administered, but varying the dose or using progressive ratio
and choice procedures has not been shown to reliably shift this behavior. However, as described
below, imposing a financial cost to smoking can decrease marijuana self-administration and
may be useful in differentiating the effects of marijuana doses.
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Modeling relapse—Similar to the approach used for cocaine, an in-patient pilot study was
conducted to test the hypothesis that high financial cost would motivate non-treatment-seeking
marijuana smokers to abstain, thus modeling (not mimicking) clinical motivation to use less
marijuana. A range of costs to purchase individual puffs of active marijuana throughout the
day (maximum of 18 puffs/day) was tested. The first puff of marijuana self-administered each
day was expensive ($10–$20) regardless of when during the day it occurred. Once the
individual had ‘relapsed’ for the day, the cost of subsequent puffs was lower ($2–$4).

As predicted, marijuana self-administration decreased markedly as a function of cost: from
10.8 (±0.7) puffs/day under the $10 relapse condition, to 5.5 (±0.7) puffs/day under the $12
condition, to no self-administration under the 15 and $20 conditions (Haney et al. 2008). Thus,
marijuana self-administration by abstinent daily marijuana smokers varies as a function of cost.
Although participants were not treatment-seeking and were not motivated to remain abstinent,
the high cost of smoking decreased marijuana use, and thus is hypothesized to model voluntary
abstinence in the clinic. This procedure can be used to see if medications influence whether
abstinent marijuana smokers return to marijuana use (relapse) in the laboratory. Medications
that decrease marijuana use by non-treatment-seeking volunteers in the laboratory are predicted
to decrease marijuana use in the clinic.

Medications development: issues and predictive validity—There are almost no
clinical studies of marijuana pharmacotherapy by which to evaluate the predictive validity of
the laboratory models, so the present discussion will focus on several human laboratory
approaches to developing such medications. One strategy is to attenuate symptoms of
withdrawal, which is a medications approach that has improved outcome for both nicotine (see
Shiffman, Johnston & Khayrallah 2000) and opioid (Dole 1988) treatment. These double-blind,
placebo-controlled designs, enroll non-treatment-seeking volunteers who smoke marijuana
repeatedly each day, 6–7 days per week. As with cocaine, medications maintenance rather than
acute pre-treatment is usually assessed, to mimic how medications would be administered
clinically.

The results of these studies have shown that some medications worsen marijuana withdrawal
symptoms while others lessen them (see Haney 2005). The medication regimen that most
effectively attenuated withdrawal was the frequent administration of low doses (10 mg) of oral
THC (dronabinol; 50 mg/day). THC selectively decreased ratings of anxiety, misery, trouble
sleeping, chills and marijuana craving, and reversed the large decreases in food intake during
marijuana abstinence as compared to placebo while producing no cannabinoid intoxication
(Haney et al. 2004). Similar results have recently been obtained in an outpatient setting
(Budney et al. 2007).

Yet, does decreasing withdrawal decrease relapse? Based on the laboratory model of relapse
described above, the effects of THC (20 mg) given three times per day, and the α2-receptor
agonist, lofexidine (2.4 mg/day) on marijuana withdrawal and relapse were evaluated. These
medications, which have distinct mechanisms of action, were tested both when administered
alone and when administered together (Haney et al. 2008). The study showed that this regimen
of high-dose THC did not robustly decrease marijuana withdrawal and did not decrease
marijuana relapse, in contrast to frequent administration of lower doses (Haney et al. 2004).
Lofexidine alone also did not attenuate the mood symptoms of marijuana withdrawal, but did
improve sleep, and did decrease marijuana relapse. The most effective medication condition
was the combination of THC and lofexidine, which improved sleep and decreased marijuana
withdrawal, craving and relapse in daily marijuana smokers. These data suggest that the
combination of lofexidine and THC warrant further testing as a potential treatment for
marijuana dependence.
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The data also suggest that specifically dampening the sleep disruption during cannabis
withdrawal might be a key feature of decreasing relapse. This finding contrasts with a recent
study concluding that cannabis withdrawal does not predict relapse (Arendt et al. 2007). In this
design, patients self-reported cannabis abstinence and withdrawal symptoms, and several years
later, were asked if they had relapsed to cannabis use. The data indicated that there was no
significant relationship between the severity of withdrawal and the likelihood of relapse. Yet,
in addition to the retrospective data collection and the lack of objective verification of either
abstinence or relapse, a primary concern with the study’s conclusion is that withdrawal is only
predicted to influence relapse while symptoms are occurring. Relapse that occurs months or
years after the onset of abstinence is not expected to be related to withdrawal. Given these
issues, concluding that withdrawal does not influence relapse may be premature.

In terms of medications development, an important methodological consideration is whether
to only enroll individuals who report experiencing symptoms of cannabis withdrawal
(estimated to be over 50% of daily marijuana smokers; Budney et al. (2004,2007). An
alternative strategy is to include all daily marijuana smokers regardless of self-reported
withdrawal (e.g. Haney et al. 2004,2008). The justification for this approach is that even
marijuana smokers who demonstrate a withdrawal syndrome can be unaware or unwilling to
admit that their symptoms are related to marijuana. Approximately 10% of the daily marijuana
smokers enrolled in in-patient studies (n = 91) by Haney and colleagues quit after 2–3 days of
marijuana abstinence due to symptoms consistent with withdrawal, such as marijuana craving,
anxiety, irritability, stomach upset and poor sleep. The majority attributed their mood to the
discomforts of the facility (e.g. not liking their pillow or the available food) or to personal
concerns (missing their family), although these issues were not overwhelming on days when
active marijuana was available.

This apparent resistance to implicate marijuana may reflect the fact that cannabis withdrawal
is not a well-known phenomenon: its symptoms are primarily moodrelated, and they take 1–2
days to manifest. Furthermore, attitudes toward marijuana are politically charged, and some
appear motivated to defend their marijuana use as entirely benign (Haney 2005). Thus, self-
awareness or acceptance of cannabis withdrawal is not universal. Even among daily cigarette
smokers, a surprisingly large percentage (60%) do not report experiencing symptoms of
nicotine withdrawal (Donny & Dierker 2007), yet studies developing medications to treat
nicotine dependence do not distinguish among those who do and those who do not experience
withdrawal. Thus, it may be that some medications would be effective even among those who
do not endorse withdrawal symptoms.

Heroin
Modeling self-administration
Procedures: Human laboratory models have characterized both intravenous (Altman et al.
1976; Mello & Mendelson 1980; Mello et al. 1981; Mello, Mendelson & Kuehnle 1982) and
intranasal (Comer, Collins & Fischman 1997; Comer et al. 1999) routes of heroin self-
administration. Since heroin is not abused in a binge pattern, and has an inter-dose interval of
hours rather than minutes, laboratory studies usually allow for self-administration of bolus
doses a few times per day. For example, in one procedure, participants self-administered single
doses of heroin every 6 hours. In the interval between dosing, participants could respond on
operant tasks to earn either money or heroin (Mello et al. 1981). In another study, volunteers
responded under a progressive-ratio schedule for heroin or vouchers exchangeable for money
and received their choice in a bolus dose at the end of the session (Comer et al. 1997). These
studies have demonstrated that heroin self-administration is dose-dependent, with both i.v. and
intranasal heroin producing comparable levels of responding (Comer et al. 1999).
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A range of monetary values has been tested ($10–$40) as an alternative to heroin self-
administration. When $20 was the alternative, participants lawfully chose the money option
for low heroin doses and the drug option at higher heroin doses. Yet, when $40 was the
alternative, participants predominately chose active heroin regardless of dose (Comer et al.
1998). These data suggest that if the alternative value is high, participants may be satisfied just
choosing it a few times, then devoting the rest of their choices to drug. Thus, laboratory studies
with opioids need to carefully define the parameters by which heroin self-administration varies
as a function of dose and alternative reinforcer value.

Issues: Physical dependence complicates laboratory measures of heroin self-administration.
Heroin withdrawal is robust and includes both physical discomfort and mood symptoms (e.g.
runny nose, vomiting, fatigue, insomnia, irritability, anxiety) that last from several days to
weeks (see Collins & Kleber 2004). One approach that attempts to remove the confound of
withdrawal from the determination of heroin’s reinforcing effects is to administer opioid
agonists (Comer et al. 1997, 1999; Comer, Collins & Fischman 2001). Oral morphine, for
example, can be given at doses that produce minimal subjective responses in dependent
individuals. An alternative approach is to have volunteers undergo withdrawal prior to self-
administration sessions. This detoxification is necessary, for example, when testing the effects
of naltrexone on heroin self-administration in order to avoid precipitating withdrawal (e.g.
Mello et al. 1981). Detoxification also circumvents any pharmacological confounds that
agonist maintenance may present when assessing heroin self-administration. However,
detoxification also increases study length, and considerably increases the risk that participants
will drop out. Thus, researchers need to carefully consider how they will characterize opioid
self-administration in dependent individuals.

Modeling relapse—To our knowledge, there are no laboratory models designed to
specifically measure heroin relapse.

Medications development: issues and predictive validity—Perhaps the greatest
success in the development of medications to treat drug addiction thus far has come from the
opioid class (see Haney & Spealman 2008). In stark contrast to either marijuana or cocaine,
there are three Food and Drug Administration (FDA)-approved treatment medications to treat
opioid dependence (methadone, buprenorphine, naltrexone). These medications allow for the
validation of the human laboratory model, and highlight at least three essential features to
consider in laboratory models of medications development: medication dose, dependence and
compliance.

In terms of dose, methadone effectively decreases both opioid self-administration in the
laboratory (Jones & Prada 1975; Donny et al. 2005) and heroin use in the natural ecology (see
Strain et al. 1999; Faggiano et al. 2003) when individuals were maintained on doses in the 100
mg/day range. Doses in the 50 mg per day range were less effective in reducing heroin use in
either environment. Thus, when effective doses are tested, laboratory models of heroin self-
administration predicted clinical efficacy.

Buprenorphine, either alone or in combination with naloxone, also improves clinical outcome
in clinical trials compared to placebo (see Vocci & Ling 2005), and decreases the reinforcing
effects of heroin in the laboratory (Comer et al. 2001 Comer, Walker & Collins 2005). Yet the
effects of buprenorphine on heroin self-administration were not robust, perhaps because
sublingual buprenorphine was administered 19 hours prior to the self-administration sessions.
Because of this long delay, even participants on active buprenorphine reported experiencing
sleep disruption and mood symptoms of opioid withdrawal and thus self-administered heroin
in order to alleviate these symptoms. These data demonstrate that in order to accurately evaluate
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the influence of a medication on heroin reinforcement, researchers need to ensure that
medication levels are adequate prior to self-administration sessions.

Regarding the issue of compliance, early laboratory studies showed that the opioid antagonist,
naltrexone, was effective in virtually eliminating the reinforcing and subjective effects of
heroin in the laboratory (Altman et al. 1976; Meyer et al. 1976; Mello et al. 1981). Yet clinical
experience with naltrexone has been poor because most patients simply stop taking the capsules
and resume heroin use (see Kirchmayer et al. 2002). This non-compliance has been addressed
with the development of an injectable, sustained-release form of naltrexone, which obviates
the need for daily capsule administration. The depot formulation effectively reduced both the
subjective and reinforcing effects of heroin in laboratory studies, with a duration of action of
up to 1 month (Comer et al. 2002; Sullivan, Vosburg & Comer 2006). Furthermore, depot
naltrexone improved clinical outcome, with treatment retention rates rivaling those seen with
agonist replacement therapies (Comer et al. 2006).

In terms of relapse, there have been no medication trials specifically designed to test a return
to heroin use in opioid-dependent patients (see Epstein et al. 2006). Depot naltrexone does not
appear to decrease relapse when it is defined as any return to drug use, as patients on naltrexone
used heroin as quickly as those on placebo. Yet, those on active naltrexone reported that the
heroin had no effect, and eventually their use declined. Thus, depot naltrexone appears to lessen
relapse when it is defined as a return to previous patterns of opioid use, which typically
manifests as dropping out of treatment, (S. Comer, personal communication, December 2007).

RESULTS AND DISCUSSION
The objective of this review was to provide an update of the procedures, issues and predictive
value of human models of cocaine, cannabis and heroin self-administration, and to indicate
some of the methodological issues encountered when conducting these studies. Overall, the
data support the importance of the self-administration model in terms of predicting medication
effects, particularly when research volunteers are maintained on medication prior to self-
administration sessions. Heroin self-administration studies show that the medications that
effectively treat opioid dependence increase the relative reinforcing strength of non-drug
alternatives in the laboratory. These same medications also decrease heroin’s subjective effects
in the laboratory, suggesting that both laboratory measures may predict clinical response.

There is however no FDA-approved medication to treat cocaine dependence. Rather, cocaine
use is extraordinarily difficult to disrupt either in the human laboratory or in the clinic. Although
it is reasonable to hypothesize that those medications that selectively decrease ratings of
cocaine ‘high’ or cocaine craving will be efficacious clinically, this has not yet been
demonstrated empirically (Comer et al. 2008; Haney & Spealman 2008). By contrast,
modafinil decreased both cocaine self-administration and its subjective effects, and this
decrease in the laboratory appears to mirror improved outcome in cocaine treatment. Most
would agree that there should be a strong scientific rationale for testing a medication in a clinical
trial prior to exposing a large number of treatment seekers to an investigational compound, and
that models that amass a large number of false positives, i.e. appear positive at screening but
not when tested clinically, need to be refined or abandoned (see Epstein & Preston 2003).The
large bank of true negatives and the one apparent true positive (modafinil) support the use of
human self-administration procedures prior to clinical trials with cocaine.

In terms of pharmacotherapies for cannabis dependence, it is not possible to assess the
predictive validity of laboratory models of marijuana self-administration and relapse because
almost no medications have been tested in the clinic. The one clinical pilot study published to
date with divalproex had a negative outcome (Levin et al. 2004), consistent with a laboratory
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study showing that divalproex worsened mood in abstinent marijuana smokers (Haney et al.
2004). More clinical marijuana research needs to be done before the validity of marijuana self-
administration studies can be evaluated.

Ideally, regardless of which drug is being studied, a range of medication and drug doses should
be tested in order to fully characterize their interaction. Generating these dose-response curves
takes time, particularly when participants are maintained on various doses of medications,
thereby increasing the likelihood that participants will drop out. As a consequence, the range
of doses tested in human laboratory studies is often small, which limits their conclusions. It is
also important to evaluate a range of alternative reinforcer values, as the value may be too low
and not competitive, or too high, such that participants only need to choose it a few times to
have earned a quantity they deem sufficient. Similarly, if the choice for the drug is too frequent,
participants may choose it less than the alternative, as occurred when marijuana was offered
frequently within a short period of time. Finally, an important improvement to laboratory
models may be to provide an immediate, non-drug alternative in order to best characterize the
choices patients encounter when deciding to return to drug use or spend their money and time
on something other than drugs.

To conclude, this review demonstrates that controlled self-administration studies provide
meaningful behavioral data in a relatively small number of individuals. Self-administration
procedures also provide information concerning a candidate medication’s own potential for
abuse or, viewed from another perspective, the medication’s acceptability by patients taking
the medication. Overall, these studies contribute to our understanding of the variables
maintaining cocaine, marijuana and heroin intake, and are important in guiding the
development of more effective treatment and prevention programs.
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Figure 1.
Cocaine self-administration was assessed when participants (n = 4) were exposed to: (1)
cocaine-paired cues and an active dose (12 mg) of cocaine (+cue,+prime), cocaine-paired cues
and placebo cocaine (+cue,−prime), or neither the cues or cocaine (−cue,−prime). Participants
purchased up to five doses of cocaine (12 mg) per session using actual study earnings.Three
cost conditions were tested: $5, $10, $15 per dose of cocaine.
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