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Preclinical and human laboratory choice procedures have been invaluable in improving our knowledge of the neurobiological mechanisms
of drug reinforcement and in the drug development process for candidate medications to treat drug addiction. However, little is known
about the neuropharmacological mechanisms of methamphetamine vs food choice. The aims of this study were to develop
a methamphetamine vs food choice procedure and determine treatment effects with two clinically relevant compounds: the monoamine
uptake inhibitor bupropion and the dopamine antagonist risperidone. Rhesus monkeys (n= 6) responded under a concurrent schedule of
food delivery (1-g pellets, fixed-ratio (FR) 100 schedule) and intravenous methamphetamine injections (0–0.32 mg/kg/injection, FR10
schedule) during 7-day bupropion (0.32–1.8 mg/kg/h) and risperidone (0.001–0.0056 mg/kg/h) treatment periods. For comparison, effects
of removing food pellets or methamphetamine injections and FR response requirement manipulations were also examined. Under saline
treatment conditions, food was preferred over no methamphetamine or small unit methamphetamine doses (0.01–0.032 mg/kg/injection).
Larger methamphetamine doses resulted in greater methamphetamine preference and 0.32 mg/kg/injection methamphetamine maintained
near exclusive preference. Removing food availability increased methamphetamine choice, whereas removing methamphetamine
availability decreased methamphetamine choice. Methamphetamine choice was not significantly altered when the FR response
requirements for food and drug were the same (FR100:FR100 or FR10:FR10). Risperidone treatment increased methamphetamine choice,
whereas bupropion treatment did not alter methamphetamine choice up to doses that decreased rates of operant behavior. Overall, these
negative results with bupropion and risperidone are concordant with previous human laboratory and clinical trials and support the
potential validity of this preclinical methamphetamine vs food choice model.
Neuropsychopharmacology (2015) 40, 2198–2206; doi:10.1038/npp.2015.63; published online 8 April 2015
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INTRODUCTION

Methamphetamine addiction is an insidious and world
public health issue for which no effective pharmacotherapies
exist (Courtney and Ray, 2014). The United Nations Office
on Drugs and Crime World Drug Report UNODC (2013)
states ‘the use of amphetamine-type stimulants remains
widespread, and appears to be increasing in most regions’.
Prevalence estimates of amphetamine-type stimulant use
within the past year for persons aged 15–64 are 0.7% of the
global population (UNODC, 2013). Moreover, the number of
past year methamphetamine initiates among persons aged
⩾ 12 years is 144 000 for 2013, and this number has been
relatively stable since 2009 (SAMHSA, 2014).
Both neurochemical and behavioral studies suggest there

are differences between methamphetamine, amphetamine,

and cocaine beyond methamphetamine and amphetamine
functioning as monoamine releasers and cocaine functioning
as a monoamine uptake inhibitor. In vitro and ex vivo studies
suggest methamphetamine was more potent than ampheta-
mine to induce dopamine (DA) release (Goodwin et al, 2009).
In nonhuman primate drug self-administration studies,
methamphetamine functions as a more potent but equally
efficacious reinforcer compared with cocaine (Fantegrossi
et al, 2002; Lile et al, 2013). In contrast, amphetamine was
less efficacious than both methamphetamine and cocaine
(Lile et al, 2013). Human laboratory self-administration
results also suggest a trend for methamphetamine to be a
more efficacious reinforcer than amphetamine (Kirkpatrick
et al, 2012). Overall, this literature body suggests two main
findings. First, there are apparent pharmacological differ-
ences between methamphetamine, amphetamine, and cocaine
that may impact drug reinforcement and processes related to
drug addiction. Second, these pharmacological differences
may also impact the development of pharmacotherapies for
the treatment of drug addiction, and medication efficacy for
amphetamine or cocaine addiction may or may not translate
to methamphetamine addiction.
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Preclinical drug vs food choice procedures have been
utilized for almost 40 years to understand both the environ-
mental (Wurster et al, 1977) and pharmacological determi-
nants (Woolverton and Balster, 1981) of human drug-taking
behaviors. In particular, there are three potential advantages
for the use of choice procedures in the medication develop-
ment process for drug addiction. First, human laboratory drug
self-administration studies, in general (Comer et al, 2008;
Haney and Spealman, 2008), and methamphetamine self-
administration studies, in particular (De La Garza et al, 2010;
Hart et al, 2001; Stoops et al, 2013), almost exclusively use a
concurrent schedule of reinforcement where subjects allocate
their behavior between drug (methamphetamine) and a con-
currently available alternative, nondrug reinforcer (money).
The use of preclinical choice procedures may facilitate
translation of animal-to-human results. Second, these choice
procedures generate dependent measures of behavioral
allocation in addition to dependent measures of behavioral
rates. Concurrent assessment of these two dependent
measures allow for dissociation of experimental manipula-
tions that selectively alter the relative reinforcing effects
(changes in behavioral allocation) of the self-administered
drug from pharmacological treatments that impair motor or
cognitive competence (changes in responses rates) (Banks
and Negus, 2012; Griffiths et al, 1975). Finally, drug
addiction can be conceptualized to as maladaptive behavior
in an environment that includes other non-drug reinforcers
(Heyman, 2009), and treatment of drug addiction should not
only reduce drug-taking behavior but also promote a
reallocation of behavior to non-drug reinforcers (Banks
and Negus, 2012; Vocci, 2007). Preclinical choice procedures
allow for an explicit, although simplified, model of this
environmental ‘choice’ context.
Although there is a rich scientific literature of preclinical

choice procedures, there are a paucity of published metham-
phetamine vs food choice studies (Caprioli et al, 2015; John
et al, 2015a; Ping and Kruzich, 2008). There were two major
aims of the present study. The first aim was to establish
experimental conditions that would permit assessment of
behavioral allocation between food and multiple intravenous
(IV) methamphetamine doses within a single experimental
session. The second aim was to determine 7-day treatment
effects of two compounds, bupropion and risperidone, that
have been examined in human laboratory and clinical trials as
candidate pharmacotherapies for methamphetamine addic-
tion. The monoamine uptake inhibitor bupropion was selected
because bupropion (1) antagonizes methamphetamine-
induced DA efflux in vitro (Simmler et al, 2013), (2) treatment
attenuates methamphetamine reinforcement in preclinical
methamphetamine self-administration studies (Reichel et al,
2008; Reichel et al, 2009; Schindler et al, 2011), (3) blunts
methamphetamine subjective effects in human laboratory
studies (Newton et al, 2006), and (4) has shown weak or no
efficacy in double-blind placebo-controlled clinical trials
(Elkashef et al, 2008; Heinzerling et al, 2014; Shoptaw et al,
2008). Risperidone was selected as a representative DA
antagonist medication, because it is a nonselective DA D1-
and D2-family antagonist with high D2-family occupancy
(Lako et al, 2013). Furthermore, risperidone has shown weak
or no efficacy as a treatment for methamphetamine addiction
in both human laboratory (Wachtel et al, 2002) and clinical
trials (Meredith et al, 2009; Nejtek et al, 2008).

MATERIALS AND METHODS

Animals

Six experimentally naive, adult male rhesus monkeys
(Macaca mulatta) were surgically implanted with a double-
lumen catheter (0.76 mm ID×2.36 mm OD, STI Flow,
Morrisville, NC) inserted into a femoral or jugular vein.
Monkeys weighed between 8 and 11 kg and were maintained
on a diet of fresh fruit and food biscuits (Lab Diet High
Protein Monkey Biscuits no. 5045, PMI Nutrition, St Louis,
MO) provided in the afternoon after the operant behavioral
session. Water was continuously available in the housing
cage. A 12-h light–dark cycle was in effect (lights on from
0600 to 1800 hours). Animal research and maintenance
were conducted according to the Guide for the Care and Use
of Laboratory Animals (Eighth edition) as adopted and
promulgated by the National Institutes of Health. Animal
facilities were licensed by the United States Department of
Agriculture and accredited by the Association for Assess-
ment and Accreditation of Laboratory Animal Care. The
Institutional Animal Care and Use Committee approved the
research and environmental enrichment protocol. Moreover,
monkeys had visual, auditory, and olfactory contact with
other monkeys throughout the study. Operant procedures
and foraging toys were provided for environmental manip-
ulation and enrichment. Videos were also played daily in
animal housing rooms to provide additional environmental
enrichment.

Apparatus

The home chamber served as the experimental chamber.
Briefly, each chamber was equipped with a custom operant
panel, a pellet dispenser (Med Associates, Model ENV-203–1000,
St Albans, VT), and two syringe pumps (Model PHM-108,
Med Associates). One ‘self-administration’ pump delivered
contingent methamphetamine or saline injections through
one lumen of the catheter. The second ‘treatment’ pump
delivered a 0.1-ml saline, bupropion, or risperidone infusion
through the second lumen of the catheter at a programmed
rate of every 20min from 1200 hours each day until 1100 hours
the next morning. The IV catheter was protected by a
customized stainless steel tether and jacket system (Lomir
Biomedical, Malone, NY) that permitted monkeys to move
freely. Catheter patency was periodically evaluated by IV
ketamine (5mg/kg) administration through one lumen of the
double-lumen catheter and after any environmental or
pharmacological manipulation that produced a decrease in
methamphetamine vs food choice. The catheter was consid-
ered patent if IV ketamine administration produced a loss of
muscle tone within 10 s.

Behavioral Procedure

Initially, key pressing was shaped for food-maintained (1-g
banana-flavored pellets, Test Diets, Richmond, IN) respond-
ing up to the terminal fixed-ratio (FR) FR100 schedule of
reinforcement. After catheter implantation, methampheta-
mine-maintained (0.1 mg/kg/injection) responding was
initially shaped up to the terminal FR10 schedule of
reinforcement. Under the terminal choice procedure,
monkeys responded under a concurrent schedule of food
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and IV methamphetamine (0.01–0.32 mg/kg/injection) avail-
ability. Choice sessions were implemented daily from 0900 to
1100 hours and consisted of five 20-min components, with a
different unit methamphetamine dose available during each
successive component (0, 0.01, 0.032, 0.1, and 0.32 mg/kg/
injection during components 1–5, respectively). Components
were separated by 5-min timeout periods. Manipulating the
injection volume controlled the methamphetamine dose
(0, 0.03, 0.1, 0.3, and 1.0 ml/injection, respectively). During
each component, the left, food-associated key was transillu-
minated red, and completion of the FR requirement (FR100)
resulted in 1-g food pellet delivery. The right, metham-
phetamine-associated key was transilluminated green, and
completion of the FR requirement (FR10) resulted in delivery
of the IV unit methamphetamine dose available during that
component. Stimulus lights for the methamphetamine-
associated key were flashed on and off in 3-s cycles, and
longer flashes were associated with higher methampheta-
mine doses. Monkeys could complete up to a total of 10 ratio
requirements on both the food- and methamphetamine-
associated keys. Responding on either key reset the ratio
requirement on the other key. Completion of each ratio
requirement initiated a 30-s timeout, during which all
stimulus lights were turned off, and responding had no
programmed consequences. Choice behavior was considered
stable when the lowest unit methamphetamine dose main-
taining 480% methamphetamine vs food choice varied by
⩽ 0.5 log units for 3 consecutive days. Experimental
parameters (unit methamphetamine dose and dose order,
alternative food reinforcer magnitude, and ratio requirement
on food- and methamphetamine-associated keys) of the
choice session used in this study were based on initial
preliminary studies and parameters used to assess environ-
mental and pharmacological mechanisms of cocaine vs food
and heroin vs food choice (Negus, 2003; Negus, 2006).
Consequently, with the parameters used in this study, we
predicted we would have sensitivity to detect both leftward
and rightward shifts in the methamphetamine vs food choice
dose–effect function that might result from experimental
manipulations.
Once methamphetamine vs food choice was stable, test

sessions were conducted to determine bupropion or
risperidone treatment effects on methamphetamine vs food
choice. Bupropion (0.32–1.8 mg/kg/h) or risperidone (0.001–
0.0056 mg/kg/h) was administered IV instead of saline for
7 consecutive days via the ‘treatment’ pump, and the 3-day
period of saline infusions before each test drug treatment was
used as the baseline ‘+ saline’. At the conclusion of each
7-day treatment periods, saline infusions were reinstituted
for at least 4 days and until methamphetamine vs food choice
had returned to pretreatment levels. Saline, bupropion, and
risperidone doses were counterbalanced across subjects.
In a second set of experiments, availability of either

methamphetamine or food was temporarily removed for 7
consecutive days to establish boundary conditions for
comparison to test compound effects. Specifically, these
conditions were studied to examine effects of the extreme
case wherein reinforcing consequences associated with either
methamphetamine or food choice was eliminated. To remove
methamphetamine availability, the methamphetamine solu-
tion was replaced with saline in the ‘self-administration’
pump for 7 days so that all other stimuli, including IV

injections, were the same under both conditions. To remove
food availability, food pellets were removed from the pellet
dispenser so that all other stimuli, including the sound of the
pellet dispenser motor, were the same under both conditions.
At the end of each 7-day test period, standard conditions of
methamphetamine and food availability were reinstated until
choice behavior recovered to baseline levels.
In a third set of experiments, the relative response require-

ments for food pellets and methamphetamine injections were
manipulated to assess the degree to which methampheta-
mine vs food preference was sensitive to response cost
manipulations. Specifically, the FR requirement on the food-
associated key was held at FR100 and the FR value on the
methamphetamine-associated key was increased to FR100,
or the methamphetamine-associated key was held at FR10
and the FR value on the food-associated key was decreased to
FR10. Each FR manipulation was, in effect, for 7 consecutive
days and FR manipulations were counterbalanced between
subjects. Baseline FR requirements (Food FR100/metham-
phetamine FR10) were reinstituted after a given FR
manipulation and until choice behavior was stable.

Drugs

(+)-Methamphetamine HCl was provided by the National
Institute on Drug Abuse (Bethesda, MD) Drug Supply
Program. Bupropion HCl was synthesized by BE Blough
(RTI International, Research Triangle Park, NC). Metham-
phetamine and bupropion doses are expressed as the salt
forms listed above. Risperidone (Sigma Chemical, St Louis,
MO) was dissolved in 2% lactic acid (85% w/w; Sigma
Chemical) and sodium hydroxide was added to reach a pH of
approximately 5–6. All drug solutions were passed through a
sterile 0.2-μm filter (EMD Millipore, Billerica, MA) before IV
administration.

Data Analysis

The primary dependent measures for the choice session were
(1) percentage of methamphetamine choice, defined as (the
number of ratios completed on the methamphetamine-
associated key/total number of ratios completed) × 100 and
(2) the number of ratio requirements (hereafter referred to as
‘choices’) completed. The mean of the last 3 days of each
experimental condition for each monkey for each of these
measures were then plotted as a function of unit metham-
phetamine dose or the corresponding response period during
the behavioral session. Results were analyzed using mixed-
model analysis with unit methamphetamine dose, experi-
mental manipulation (treatment drug dose, extinction
condition, or FR manipulation) as the fixed main effects
and subjects as the random effect. Additional dependent
measures collected were total choices, food choices, and
methamphetamine choices for the entire behavioral session.
The mean of the last 3 days of each experimental condition
for each monkey for each of these measures were then
plotted as a function of each dependent measure. Results
were analyzed using two-way repeated-measures analysis of
variance with experimental manipulation and dependent
measure as the main factor. Post-hoc comparisons against
baseline ‘+ Saline’ conditions within a given methampheta-
mine dose were performed using the Dunnett’s test following
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a significant main effect of experimental manipulation
or methamphetamine dose × experimental manipulation
interaction as appropriate. The criterion for significance
was set a priori at the 95% confidence level (po0.05).
All analyses were conducted using JMP Pro 11.1.1 for
Mac (SAS, Cary, NC).

RESULTS

Baseline Methamphetamine vs Food Choice

Figure 1a shows the stability of baseline methamphetamine
vs food choice for the entire study duration and when saline
was continuously infused through the ‘treatment’ lumen
of the double-lumen catheter. There was an average of
9.3± 3.9 months (range: 6–16) between the first and last
baseline methamphetamine vs food choice dose–effect
functions. Food was preferred over no or small (0.01 and
0.032 mg/kg/injection) methamphetamine doses. 0.1 mg/kg/
injection methamphetamine maintained at least 50%
preference and the largest unit methamphetamine dose
(0.32 mg/kg/injection) maintained exclusive preference.
Figure 1b shows the number of choices completed
per session component and choices decreased as a function
of increasing unit methamphetamine doses, and there were
no differences between the different experimental manipula-
tions. Figure 1c shows total choices, food choices, and
methamphetamine choices completed during each session,
and there were no differences between the different
experimental manipulations.

Effects of Bupropion and Risperidone Treatment on
Methamphetamine Choice

Figure 2a shows that 7-day continuous treatment failed to
significantly alter methamphetamine vs food choice at any
bupropion dose. Figure 2c shows that 7-day continuous
1.8 mg/kg/h bupropion treatment significantly decreased
both total and food choices completed during the entire
choice session (bupropion dose: F3,9= 4.3, p= 0.0385).
Supplementary Figure S1 shows days 1–3 of each bupropion
treatment, and these results were generally consistent
with days 5–7. Supplementary Table S1 shows that
bupropion treatments did not significantly alter the
methamphetamine vs food choice ED50 value. Figure 2b
shows that 7-day continuous 0.0056 mg/kg/h risperidone
treatment increased methamphetamine vs food choice and
produced a leftward shift in the methamphetamine choice
dose–effect function compared with baseline conditions
when saline was infused through the ‘treatment’ lumen
(interaction: F12,35.9= 3.3, p= 0.0026). Figure 2d shows that
7-day continuous 0.0056 mg/kg/h risperidone treatment
significantly decreased food choices and increased metham-
phetamine choices completed during the entire choice
session (interaction: F6,12= 15.0, po0.0001). Supplementary
Figure S2 shows days 1–3 of each risperidone treatment,
and results were generally consistent with days 5–7.
Supplementary Table S1 shows that risperidone treatments
did not significantly alter the methamphetamine vs food
choice ED50 value.

Effects of Environmental Manipulations on
Methamphetamine Choice

Figure 3a shows that 7 days of removing methamphetamine
availability significantly decreased choice of methamphet-
amine-associated stimuli, whereas 7 days of removing food

Figure 1 Comparison of baseline methamphetamine vs food choice
during continuous saline treatment over the entire experimental testing
period in rhesus monkeys (n= 3–6). (a and b) Abscissa: unit dose
methamphetamine in mg/kg/injection (log scale). (a) Left ordinate:
percentage of methamphetamine choice. Right ordinate: percentage of
food choice. (b) Ordinate: choices completed per component. (c) Ordinate:
number of choices per session. Abscissa: experimental end point. Panel
shows summary data for total choices, food choices, and methamphetamine
choices summed across all methamphetamine doses. All points and bars
represent mean± SEM obtained during the 3 days preceding each 7-day
experimental period while saline was infused through the ‘treatment’ lumen
of the double-lumen catheter.
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availability significantly increased methamphetamine choice
(interaction: F8,56= 2.8, p= 0.0117), producing a leftward
shift in the methamphetamine choice dose–effect function.
Figure 3c shows that removing food availability significantly
decreased both total choices and ‘food’ choices and increased
methamphetamine choices during the choice session;
removing methamphetamine availability significantly
increased the number of food choices earned (interaction:
F4,16= 20.8, po0.0001). Supplementary Figure S3 shows days
1–3 of each extinction experiment, and results suggest that
behavior continued to extinguish on the non-reinforced key
as a function of time. Figure 3b shows that methamphet-
amine vs food choice was not significantly altered when
the FR requirement on the food- and methamphetamine-
associated keys were either 100 or 10. Furthermore,
increasing the methamphetamine FR requirement to 100
or decreasing the food FR requirement to 10 did not
significantly alter the number of total, food, or methamphet-
amine choices completed (Figure 3d). Analysis of experi-
mental days 1–3 for each of the FR manipulations also did
not demonstrate any significant effects on methampheta-
mine choice.

DISCUSSION

There were two major aims of the present study. The first
aim was to establish experimental conditions that would permit
assessment of behavioral allocation between food and multiple
IV methamphetamine doses within a single experimental
session. The second aim was to determine the sensitivity of
the model to both pharmacological and environmental
manipulations. Overall, there were three main findings.
First, we established a within-session dose–effect function of
methamphetamine vs food choice, and IV methampheta-
mine maintained a dose-dependent preference over a
non-drug alternative food reinforcer. Second, bupropion
treatment failed to significantly alter methamphetamine vs
food choice and these results were generally consistent with
previous double-blind placebo-controlled clinical trials. In
contrast, risperidone treatment enhanced methamphetamine
vs food choice, and these results were also generally con-
sistent with previous human laboratory and clinical trials.
Finally, removing food or methamphetamine availability
produced the predicted shift in behavioral allocation toward
the only reinforced key. Under conditions where the FR

Figure 2 Effects of continuous 7-day bupropion (0.32–1.8 mg/kg/h; n= 4) and risperidone (0.001–0.0056 mg/kg/h; n= 3) treatment on choice between
methamphetamine and food in rhesus monkeys. Panels a and c show bupropion effects, and panels b and d show risperidone effects. All points and bars
represent mean± SEM obtained during days 5–7 of each 7-day treatment period. Filled symbols indicate significantly different (po0.05) from baseline
(+ saline) within a methamphetamine dose. Asterisk (*) indicates significantly different from baseline (+ saline) conditions. Numbers in parentheses indicate
the number of subjects contributing to that data point if fewer than the total number of subjects tested (bupropion, n= 4; risperidone, n= 3). This number
indicates treatment eliminated responding in one or more monkeys during that component of the choice procedure. Otherwise, figure details are the same as
in Figure 1 above.
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requirements on the food- and methamphetamine-associated
keys were similar, methamphetamine choice was not signif-
icantly altered compared with baseline conditions where the
FR requirement on the food-associated key was 10 times
higher than the FR requirement on the methamphetamine-
associated key. Consequently, the negative results with
bupropion and risperidone in the present study are con-
cordant with negative results in human laboratory studies
and double-blind, placebo-controlled trials and support the
potential validity of preclinical methamphetamine vs food
choice procedures as models of methamphetamine addic-
tion. Overall, these results may have implications for
both the mechanisms and treatment of methamphetamine
addiction.

Baseline Methamphetamine Choice and Effects of
Environmental Manipulations

Consistent with another study using nonhuman primates
(John et al, 2015a) but not rodents (Ping and Kruzich, 2008),
methamphetamine maintained a dose-dependent increase in
preference over food. Interestingly, the unit methampheta-
mine dose necessary to maintain consistent and exclusive
methamphetamine preference was a half-log larger than those

required to maintain cocaine (Negus, 2003) or heroin (Negus,
2006) under similar procedural conditions. Similar potency
differences in maintaining near exclusive preference between
cocaine and methamphetamine choice were also reported by
John et al, (2015a). In contrast to these choice studies,
methamphetamine maintains similar patterns of drug self-
administration at smaller unit drug doses compared with
cocaine under both FR and progressive-ratio schedules of
reinforcement (Fantegrossi et al, 2002; Lile et al, 2013).
Overall, these results suggest that simply introducing a
concurrent schedule of drug and food availability produced
larger potency shifts in the relative reinforcing strength of
methamphetamine compared with cocaine.
Effects of reinforcer magnitude manipulations on

methamphetamine vs food choice were also determined by
eliminating methamphetamine or food presentation
while retaining presentation of the methamphetamine- or
food-associated discriminative stimuli. As hypothesized,
elimination of methamphetamine delivery decreased metham-
phetamine-associated choice and produced a reciprocal
increase in food choice. Elimination of food delivery
produced a leftward shift in the methamphetamine choice
dose–effect function and an approximate 10-fold increase in
the potency of methamphetamine to maintain responding on

Figure 3 Effects of removing methamphetamine or food availability for 7 consecutive days (n= 5) or manipulating the fixed-ratio (FR) requirement on the
food- or methamphetamine-associated key (n= 3) on behavioral allocation in rhesus monkeys. Panels a and c show effects of removing reinforcer availability,
and panels b and d show effects of FR manipulations. (a and b) Abscissae: unit dose methamphetamine in mg/kg/injection (log scale) during + saline and ‘no
food’ conditions or unit dose methamphetamine associated with prevailing discriminative stimuli during the ‘no methamphetamine’ condition. (a and b) Left
ordinate: percentage of methamphetamine choice or methamphetamine-associated stimuli. (a and b) Right ordinate: percentage of food choice or food-
associated stimuli. Otherwise, figure details are the same as in Figure 1 above.
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the methamphetamine-associated key. Overall, the present
results demonstrate the sensitivity of the procedure to
reinforcer magnitude manipulations. Moreover, these
reinforcer magnitude manipulations provide an empirical
framework for interpreting bupropion and risperidone
treatment effects.
Previous human laboratory (Stoops et al, 2012) and

preclinical studies (Nader and Woolverton, 1992; Negus,
2003) have demonstrated cocaine vs alternative reinforcer
choice to be sensitive to response requirement manip-
ulations. Recently, methamphetamine vs money choice in
humans was also reported to be sensitive to response
requirement manipulations such that a sixfold larger
response requirement for money slightly, but not signifi-
cantly, increased the number of methamphetamine capsules
earned (Bennett et al, 2013). In the present study, a 10-fold
larger response requirement for food pellets vs methamphet-
amine injections also produced a slight, nonsignificant,
increase in methamphetamine preference, similar to the
study by Bennett (2013). Moreover, the small, nonsignificant
shifts in methamphetamine choice in the present study when
the response requirement for both reinforcers was an FR100
are in contrast to previous results with cocaine. Under
similar choice procedures, cocaine vs food choice was
significantly attenuated with the FR response requirement
matched at either FR100 or FR10 (Banks et al, 2013; Negus,
2003). Overall, the results of the present study are consistent
with the results from a human laboratory methamphetamine
choice study and suggest that methamphetamine choice may
be less sensitive to response requirement ‘cost’manipulations
than cocaine choice.

Effects of Bupropion and Risperidone on
Methamphetamine Choice

In the present study, methamphetamine vs food choice was
evaluated during continuous treatment with the monoamine
uptake inhibitor bupropion that attempted to model
bupropion treatment conditions in human laboratory and
clinical trials. The present results were consistent with
previous clinical trials demonstrating weak or no bupropion
treatment efficacy for methamphetamine addiction (Elkashef
et al, 2008; Heinzerling et al, 2014; Shoptaw et al, 2008) and a
recent human laboratory study demonstrating no bupropion
treatment efficacy on methamphetamine choice (Stoops et al,
2015). The present results were also somewhat consistent
with previous findings examining acute bupropion pretreat-
ments on methamphetamine self-administration in rhesus
monkeys (Schindler et al, 2011). Acute bupropion pretreat-
ment significantly decreased rates of methamphetamine-
maintained responding at some methamphetamine doses
but did not significantly alter methamphetamine intake
(Schindler et al, 2011). In rat methamphetamine self-
administration studies, both acute and repeated bupropion
pretreatment decreased methamphetamine-maintained
responding (Reichel et al, 2008; Reichel et al, 2009).
However, tolerance developed to these bupropion effects
during repeated administration (Reichel et al, 2009). Overall,
this body of scientific literature does not support bupropion
treatment efficacy for methamphetamine addiction.
In contrast to bupropion treatment effects, treatment with

the non-selective DA antagonist risperidone produced a

leftward shift in the methamphetamine vs food dose–effect
function. These risperidone effects on methamphetamine
choice were functionally similar to effects of removing food
availability during the behavioral choice session, although
albeit by distinct mechanisms. Previous open-label (Meredith
et al, 2009) and randomized, double-blind (Nejtek et al,
2008) trials have suggested weak risperidone treatment
efficacy for methamphetamine addiction. However, two
points are worth noting regarding these clinical trials. First,
retention rates for these two studies were generally poor with
16% (Nejtek et al, 2008) and 35% (Meredith et al, 2009)
completion. Second, no double-blind, placebo-controlled
clinical trials have been initiated based on these open-label
trial results. Furthermore, in a recent meta-analysis of
clinical trials examining antipsychotic treatment efficacy
for cocaine- or amphetamine-type addictions, the authors
concluded that antipsychotic compounds had no significant
treatment efficacy but did have significantly more adverse
effects compared with placebo (Kishi et al, 2013).
The present risperidone results are consistent with double-

blind, placebo-controlled trials examining treatment efficacy
with the DA partial agonist aripiprazole. Aripiprazole
treatment produced no significant effect in two double-
blind, placebo-controlled clinical trials for methampheta-
mine addiction (Coffin et al, 2013; Sulaiman et al, 2013) and
resulted in significantly more amphetamine-positive urines
compared with placebo in another clinical trial (Tiihonen
et al, 2007). Moreover, these risperidone treatment effects
were similar to buspirone and selective DA D3 receptor
antagonist effects on methamphetamine vs food choice in
monkeys (John et al, 2015a, b). However, the present results
are somewhat inconsistent with previous preclinical studies
examining DA antagonist or DA partial agonist effects. For
example, DA D1-selective (Brennan et al, 2009) and D3-
selective (Higley et al, 2011a; Higley et al, 2011b; Orio et al,
2010) antagonists and the DA partial agonist aripiprazole
(Wee et al, 2007) decreased methamphetamine self-
administration. Acute aripiprazole pretreatment attenuated
methamphetamine self-administration of small but not larger
unit methamphetamine doses in humans (Stoops et al, 2013).
Overall, this body of literature suggests preclinical metham-
phetamine choice procedures produce more concordant
results with human laboratory and clinical trials.

Implications for Methamphetamine Addiction
Medication Development Research

In summary, the results of the present study, in agreement
with other preclinical methamphetamine choice studies,
support the utility of preclinical methamphetamine choice
procedures to interrogate both the mechanisms of and
treatment strategies for methamphetamine addiction.
However, without a pharmacological compound that has
demonstrated treatment efficacy to reduce methampheta-
mine use in a double-blind placebo-controlled clinical trial,
preclinical methamphetamine choice procedures are only
able to demonstrate concordant results. To demonstrate
predictive validity in a preclinical model, both positive and
negative results should be reported. Thus more methamphet-
amine medication development research is clearly warranted to
identify a pharmacotherapeutic strategy that successfully
decreases methamphetamine use.
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