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ARTICLE INFO ABSTRACT

Rationale: Methamphetamine abuse and dependence are significant public-health concerns. Behavioral
therapies are effective for reducing methamphetamine use. However, many patients enrolled in behavioral
therapies are unable to achieve significant periods of abstinence suggesting other strategies like pharmacother-
apy are needed.

Objectives: This experiment determined the physiological and subjective effects of acutely administered
intranasal methamphetamine during atomoxetine maintenance in seven non-treatment seeking stimulant-
dependent participants. Atomoxetine was chosen for study because it blocks reuptake at the norepinephrine
transporter and increases extracellular dopamine levels in the prefrontal cortex. In this way, atomoxetine might
function as an agonist replacement therapy for stimulant-dependent patients.

Methods: After at least 7 days of maintenance on atomoxetine (0 and 80 mg/day), participants were administered
ascending doses of intranasal methamphetamine (0, 5, 10, 20 and 30 mg) across two experimental sessions.
Intranasal methamphetamine doses were separated by 90 min.

Results: Intranasal methamphetamine produced prototypical physiological and subjective effects (e.g., increased
heart rate, blood pressure, temperature and subjective ratings of Good Effects). Atomoxetine maintenance
augmented the heart rate-increasing effects of methamphetamine, but attenuated the pressor effects. The
subjective effects of intranasal methamphetamine were similar during atomoxetine and placebo maintenance.
Conclusions: These results suggest that methamphetamine can be safely administered to participants maintained
on atomoxetine, but whether it might be an effective pharmacotherapy for methamphetamine dependence
remains to be determined.
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1. Introduction

Methamphetamine abuse and dependence are significant public-
health concerns. Treatment admissions for methamphetamine use
more than doubled from 1998 to 2007 in the United States (Substance
Abuse and Mental Health Services Administration, Office of Applied
Studies, 2009). Estimates from the most recent available data indicate
that the total cost for methamphetamine abuse in the United States
was over $23 billion in 2005 (Nicosia et al., 2009). These costs include
premature mortality, crime, lost productivity, environmental damage,
and medical conditions such as cardiovascular insults, cognitive
dysfunction and infectious disease (Pasic et al., 2007; Shoptaw et al.,
2009).
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Behavioral treatments like contingency management and cognitive—
behavioral therapy effectively reduce methamphetamine use (Lee
and Rawson, 2008; Roll et al., 2006; Shoptaw et al., 2006; Smout et al.,
2010). However, many patients enrolled in behavioral treatment pro-
grams are unable to achieve significant periods of abstinence sug-
gesting other strategies like pharmacotherapy are needed. Despite
intense research efforts, a widely effective pharmacotherapy has not
yet been identified for methamphetamine dependence (for reviews,
see Elkashef et al., 2008a; Karila et al., 2010; Rush et al., 2009b; Vocci
and Appel, 2007).

Atomoxetine (Strattera®) is effective for the treatment of Atten-
tion Deficit Hyperactivity Disorder (ADHD) in children, adolescents
and adults (e.g., Michelson et al., 2001, 2002, 2003; Simpson and
Plosker, 2004a, 2004b). While effective ADHD pharmacotherapies
like methylphenidate and p-amphetamine are traditionally defined
as psychomotor stimulants, atomoxetine is marketed as a non-
stimulant. Atomoxetine produces pharmacological effects that are
similar to those observed with prototypical stimulants (Bymaster
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et al., 2002; Fleckenstein et al., 2000; Johanson and Fischman, 1989;
Kuczenski and Segal, 1997). Atomoxetine blocks reuptake at the
norepinephrine transporter and increases extracellular dopamine
levels in the prefrontal cortex (Bymaster et al., 2002). The behavioral
effects of atomoxetine overlap to some extent with those of pro-
totypical stimulants (e.g., Johanson and Barrett, 1993; Kleven et al.,
1990; Lile et al., 2006; Spealman, 1995). These findings suggest that
atomoxetine might potentially function as an agonist replacement
therapy for stimulant-dependent patients. Importantly, however,
atomoxetine has less abuse potential than prototypical stimulants
like methylphenidate and p-amphetamine (Heil et al., 2002; Lile et al.,
2006; Wee and Woolverton, 2004). Atomoxetine is not classified as
a scheduled drug by the Drug Enforcement Agency, whereas both
methylphenidate and p-amphetamine have received Schedule II
classification.

We know of only two published reports that determined the
combined effects of a stimulant and atomoxetine (Sofuoglu et al., 2009;
Stoops et al.,2008). In the more recent study, participants (N = 10) were
maintained on a single daily dose of atomoxetine (40 mg/day) or
placebo for 4 days in random order (Sofuoglu et al., 2009). On the fourth
day of maintenance, participants received a single oral administration of
p-amphetamine (20 mg/kg). Outcome measures included subjective,
cardiovascular and endocrine responses to b-amphetamine. Ratings of
Stimulated, Good Effects and High were significantly lower during
atomoxetine maintenance relative to placebo maintenance, and similar
effects were observed on cortisol and systolic and diastolic blood
pressures. In a previous study conducted in our laboratory, the
physiological and subjective effects of acute intranasal doses of cocaine
were assessed during atomoxetine maintenance (Stoops et al., 2008).
Seven cocaine-dependent participants were maintained on doses of
atomoxetine (0 [lead in], 5, 10,20 and 0 [washout]| mg, 4 times daily) for
3-5 days prior to completing experimental sessions in which ascending
doses of intranasal cocaine (4, 20, 40 and 60 mg) were administered.
Cocaine produced prototypical cardiovascular and subjective effects.
Atomoxetine attenuated the systolic pressure-increasing effects and
enhanced the heart rate-increasing effects of cocaine, but did not alter
the abuse-related subjective effects of cocaine to a statistically
significant degree.

The purpose of the present experiment, then, was to further
determine the safety and potential efficacy of atomoxetine as a pu-
tative pharmacotherapy of amphetamine dependence. To accomplish
this aim, the acute physiological, subjective and performance effects
of intranasal methamphetamine (0 [placebo], 5, 10, 20 and 30 mg)
were assessed in stimulant-dependent participants maintained on
atomoxetine (0 and 80 mg/day for at least 7 days). We hypothesized
that these intranasal methamphetamine doses would be well tol-
erated during atomoxetine maintenance and atomoxetine mainte-
nance would attenuate some of the abuse-related subjective effects of
intranasal methamphetamine.

2. Method
2.1. Participants

Seven non-treatment-seeking adult participants with recent histo-
ries of illicit stimulant use completed this within-subject, placebo-
controlled study. The Institutional Review Board of the University of
Kentucky Medical Center approved this study and participants gave
their written informed consent prior to participating. Participants were
paid for their participation.

Prior to enrollment, all potential participants underwent a compre-
hensive physical- and mental-health screening. The screening measures
included a computerized version of the Structured Clinical Interview for
the DSM-IV, medical-history questionnaire, general-health question-
naire, mini-mental status examination, drug-use questionnaire, over-
the-counter drug-use questionnaire, Drug Abuse Screening Test (DAST)

(Skinner, 1982) and Michigan Alcohol Screening Test (MAST) (Selzer,
1971). Scores of at least five on the DAST and MAST indicate possible
drug or alcohol abuse.

A psychiatrist (L.R.H., P.E.A.G. or his designee) interviewed and
examined each potential participant, confirmed the diagnosis of
stimulant dependence from the computerized SCID and deemed him
or her to be appropriate for the study. Routine clinical laboratory
blood chemistry tests, vital signs assessment and an electrocardio-
gram were also conducted. Potential participants with histories of
serious physical disease or current physical disease, impaired cardio-
vascular functioning, chronic obstructive pulmonary disease, seizure,
head trauma or CNS tumors or current or past histories of serious
psychiatric disorder (i.e., Axis I, DSM IV), other than substance abuse
or dependence, were excluded from participation. Participants had to
meet the following inclusion criteria: (1) self-reported recent stimulant
use, (2) confirmation of recent stimulant use by a positive urine screen
during the initial screening process and (3) fulfill diagnostic criteria
for stimulant dependence. All participants were in good health with no
contraindications to stimulants.

All subjects reported current illicit stimulant use in the month
prior to screening (8-30 days; mean =20 days), which was verified
by drug urinalysis testing during screening. These subjects all
reported the use of cocaine and met the diagnostic criteria for cocaine
dependence. Three of the 7 subjects had experience with amphet-
amine. After study completion, subjects attended follow-up visits to
complete self-reported drug use questionnaires and provide urine
samples for illicit drug screening to monitor possible changes in
patterns and types of drugs used. No changes were noted.

Participants ranged in age from 31 to 50 years (mean: 39 years) and
in weight from 61 to 99 kg (mean: 87 kg). Six of these participants were
male and one was female. Six participants were Black and one was
Hispanic. Participants scored between 3 and 18 (mean: 10) on the DAST.
All of the participants reported smoking tobacco cigarettes daily (range:
3-20 cigarettes per day; mean: 10 cigarettes). Participants also reported
use of a wide range of substances including alcohol, caffeine, marijuana,
opiates, nicotine and sedatives, but did not meet dependence criteria for
any drugs other than cocaine.

2.2. General procedures

Participants were enrolled as inpatients at the University of
Kentucky Chandler Medical Center Clinical Research Development
and Operations Center (CR-DOC) for up to 23 days and participated
in one practice and four experimental sessions. Participants were
informed that during their participation they would receive various
drugs, administered orally or intranasally, that could include placebo,
atomoxetine or methamphetamine. Participants were instructed
that these medications could be administered in combination. Other
than receiving this general information, participants were blind to the
type and dose of drug administered. Participants were told that the
purpose of the study was to determine how different drugs affect
physiology, mood and behavior. Other than this general explanation
of purpose, participants were given no instruction of what they were
“supposed” to do or of what outcomes might be expected.

Following admission, participants were then allowed to acclimate to
the CR-DOC for 1 day, during which they were observed for signs of drug
or alcohol withdrawal. No participant showed signs of withdrawal. After
study completion, subjects attended follow-up visits to complete self-
reported drug use questionnaires and provide urine samples for illicit
drug screening to ensure that their patterns and types of drug use had
not changed.

2.2.1. Practice session

Following the acclimation period, participants completed one
practice session to familiarize them with experimental measures.
Experimental medications were not administered during this session.
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2.2.2. Drug maintenance days

Drug maintenance began on the day immediately following the
practice session and continued throughout the protocol. Placebo or
atomoxetine was administered orally at 0700 and 1900 h. Order of drug
maintenance was counterbalanced across participants. On the first day
of the active atomoxetine maintenance phase, the dose per day was
20 mg atomoxetine (i.e., 10 mg b.i.d.). For the next 2 days, the dose per
day was 40 mg atomoxetine (i.e., 20 mgb.i.d.). For the remaining days of
atomoxetine maintenance (i.e., at least 4 days), the dose per day was
80 mg atomoxetine (i.e., 40 mg b.i.d.).

After at least 7 days of maintenance on placebo or atomoxetine,
participants completed two experimental sessions. After completing
these sessions, participants moved to the other maintenance condition
and then completed two more experimental sessions after at least
7 days of maintenance on that condition. Occasionally, participants had
to be maintained for more than 7 days to avoid conducting experi-
mental sessions on weekends, when medical coverage at the CR-DOC
was limited. Therefore, participants were maintained on placebo or
atomoxetine for a minimum of 7 days and a maximum of 9 days in
addition to the two experimental session days for each condition.

2.2.3. Experimental sessions

Experimental sessions were conducted in two blocks of two
sessions each. Participants received the appropriate maintenance
dose at 0700 h on the morning of all experimental sessions.
Experimental sessions started at 0800 h and lasted 5.5h. Three
intranasal methamphetamine doses were given in each session in
ascending order 1.5 h apart (0 [placebo] 5 and 10 mg for Sessions 1
and 3 [i.e,, the first session under a maintenance condition] and 0, 20
and 30 mg for Sessions 2 and 4 [i.e., the second session under a
maintenance condition]). Physiological measures were recorded
immediately prior to each drug administration and every 15 min for
75 min after each dose. Subjective and performance measures were
completed prior to initial drug administration, immediately after each
drug administration and every 15 min for 75 min after each dose.
Urine and expired breath samples were collected prior to each session
to confirm drug and alcohol abstinence, respectively. Participants
occasionally tested positive for amphetamine, which coincided with
the administration of the experimental medications. Participants
tested negative for all other drug and alcohol use. Daily pregnancy
tests for the female participant were negative throughout enrollment.

2.2.4. Testing room

The testing room for all sessions consisted of a table and chair for
the research assistant and nurse, a hospital bed for the participant, an
Apple iBook laptop computer (Apple Computer Inc., Cupertino, CA)
and an automated ECG and blood pressure monitor (Dinamap Pro
1000 Vital Signs monitor, Critikon Company L.L.C., Tampa, FL). A crash
cart was available in case of a medical emergency.

2.3. Physiological measures

Heart rate, blood pressure and oral temperature were recorded
immediately prior to each methamphetamine dose administration
and at 15 min intervals thereafter for 75 min. Cardiac rhythmicity was
recorded throughout experimental sessions. If heart rate exceeded
130 beats per minute, systolic blood pressure exceeded 180 mm Hg,
diastolic blood pressure exceeded 120 mm Hg or clinically significant
ECG changes occurred following administration of methamphetamine
at any point during the experiment, participation was terminated. No
participant was excluded from the study for exceeding these parameters.

2.4. Subjective drug-effect questionnaires and performance task

The subjective drug-effect questionnaires and the performance
task were administered on the laptop computer in a fixed order.

Participants completed all experimental measures prior to the initial
dose administration, immediately after dose administration and every
15 min for 75 min after each methamphetamine dose.

2.4.1. Drug-Effect Questionnaire

The Drug-Effect Questionnaire consisted of 20 items, which are
sensitive to the acute effects of stimulants, as well as the effects of
stimulant maintenance (Rush et al., 20093, 2011). The 20 items were
presented on the computer screen, one at a time. Participants rated
each item by placing a mark along a 100-unit line anchored with
“False” on the left side and “True” on the right side.

2.4.2. Adjective-Rating Scale

This scale consisted of 32 items that load into two subscales:
sedative and stimulant (Oliveto et al., 1992). Participants rated each
item using a computer mouse to point to and select among one of five
response options: Not At All, A Little Bit, Moderately, Quite A Bit, and
Extremely (scored numerically from O to 4, respectively). Responses
to individual items were summed to produce a composite score for
each subscale. The maximum total for each subscale was 64.

2.4.3. UKU Side Effects Scale

CR-DOC nursing staff also completed the Udvalg for Kliniske
Unders@gelser (UKU) Side Effects Rating Scale daily (Lingjaerde et al.,
1987). Although not analyzed statistically, side effects reported
on these scales were monitored regularly by unit physicians. No
participants were discontinued from participation due to side effects.

2.4.4. Digit-Symbol-Substitution Test

The Digit-Symbol-Substitution Test (DSST) is widely used in human
behavioral pharmacology research to assess changes in psychomotor
performance following drug administration. Briefly, participants
matched geometric patterns displayed on the computer screen with
corresponding numbers on a numeric keypad. Volunteers had 90 s to
enter as many geometric patterns as possible. The dependent measures
were the number of geometric patterns the participant attempted to
enter (i.e., trials completed) and the number of patterns the participant
entered correctly (i.e., trials correct).

2.5. Drug administration

All drugs were administered in a double-blind fashion. Atomoxetine
(10, 20 and 40 mg, Eli Lilly and Company, Indianapolis, IN) doses were
prepared by over-encapsulating commercially available drug in a size-
0 capsule. Cornstarch was then used to fill the remainder of the capsule.
Placebo capsules contained only cornstarch.

Methamphetamine doses (0 mg [placebo], 5, 10, 20 and 30 mg)
were prepared by combining the appropriate amount of metham-
phetamine HCI (National Institute on Drug Abuse, Research Triangle
Institute, Research Triangle Park, NC) with lactose to equal a total of
100 mg powder.

During each methamphetamine administration, a nurse presented
the participant with the powder, a mirror and a standard razor blade.
The participant was instructed to divide the powder into two even
“lines” and insufflate one line of powder through each nostril using a
65-mm plastic straw within 2 min.

References below to methamphetamine alone pertain to those
instances in which an active dose, 5, 10, 20 or 30 mg, was administered
during maintenance on 0 mg atomoxetine. References to placebo
pertain to sessions in which 0 mg methamphetamine was administered
during maintenance on 0 mg atomoxetine.

2.6. Data analysis

Data from the experimental sessions were analyzed as peak effect
(i.e., the maximum score observed following each methamphetamine
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administration). Peak-effect data were analyzed using a two factor
repeated-measures Analysis of Variance (ANOVA) with atomoxetine
maintenance condition (0 and 80 mg/day) and methamphetamine
dose (0 [placebo, averaged across the two administrations within a
maintenance condition], 5 10, 20 and 30 mg) as the factors (StatView,
Cary, NC). If a significant effect of methamphetamine was detected,
post-hoc tests were conducted to compare each of the active drug
conditions with placebo. If a dose of methamphetamine alone differed
significantly from placebo, additional post-hoc tests were conducted
to compare the effects of these doses of methamphetamine alone and
during maintenance on atomoxetine. Effects were considered signif-
icant for p<0.05.

3. Results
3.1. Physiological measures

3.1.1. Heart rate

Methamphetamine increased heart rate (F424=26.1, p<0.002). The
two highest doses of methamphetamine, 20 and 30 mg, increased heart
rate significantly above placebo level during placebo maintenance, while
all doses of methamphetamine did so during atomoxetine maintenance
(Fig. 1). Heart rate was significantly higher after administration of 20 mg
intranasal methamphetamine during atomoxetine maintenance relative
to when this dose of intranasal methamphetamine was administered
alone.
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3.1.2. Blood pressure

Methamphetamine increased systolic and diastolic blood pressures
(Fa24=14.3 and 11.8, respectively, p<0.0001). The three highest
doses of methamphetamine (i.e., 10, 20 and 30 mg) increased systolic
pressure significantly above placebo levels regardless of the mainte-
nance condition (Fig. 1). The three highest doses of methamphetamine
increased diastolic pressure significantly above placebo levels during
placebo maintenance, while each of the methamphetamine doses did
so during atomoxetine maintenance (Fig. 1). However, diastolic blood
pressure was significantly lower following the administration of the
two highest doses of methamphetamine during atomoxetine mainte-
nance relative to when these doses were administered alone.

3.1.3. Temperature

Each dose of methamphetamine increased temperature signifi-
cantly above placebo level regardless of the maintenance condition
(i.e., main effect of methamphetamine [F4,4=3.2, p<0.03]) (data not
shown).

3.2. Subjective drug effect questionnaires and performance task

3.2.1. Drug-Effect Questionnaire

Methamphetamine produced a significant effect on 11 items on
the Drug-Effect Questionnaire: Any Effect, Active-Alert-Energetic,
Good Effects, High, Like Drug, Willing to Pay For, Performance
Impaired, Rush, Stimulated, Willing to Take Again and Talkative-
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Fig. 1. Shown are dose-response functions for methamphetamine during maintenance on placebo (circles) and 80-mg/day atomoxetine (triangles) for heart rate, systolic blood
pressure and diastolic blood pressure. Data are expressed as peak effect (i.e., the maximum score observed following each methamphetamine administration). Data points represent
means for seven volunteers. X-axis: intranasal methamphetamine dose. Filled symbols indicate that the data point differs significantly from the placebo condition (i.e., 0 mg
methamphetamine during maintenance on 0 mg atomoxetine). An asterisk indicates that the data point is significantly different from the corresponding dose of methamphetamine

during maintenance on 0 mg atomoxetine. Error bars are one S.E.M.
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Friendly (F424 values>3.1, p<0.04). Fig. 2 shows the effects of regardless of the maintenance condition. Similar effects were
methamphetamine during placebo and atomoxetine maintenance observed on ratings of Rush (data not shown).

for ratings of Active-Alert-Energetic, Good Effects, Stimulated, High, Ratings of Any Effect, Like Drug and Willing to Take Again were
Talkative-Friendly, and Willing to Pay For. This figure shows that each similarly affected except that significant increases were observed
dose of methamphetamine increased ratings on each of these items, following administration of placebo during atomoxetine maintenance
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Fig. 2. Shown are dose-response functions for methamphetamine during maintenance on placebo (circles) and 80-mg/day atomoxetine (triangles) for ratings of Active-Alert-
Energetic, Stimulated, Talkative-Friendly, Good Effects, High and Willing to Pay For on the Drug-Effect Questionnaire. Data are expressed as peak effect (i.e., the maximum score
observed following each methamphetamine administration). Other details are the same as in Fig. 1.
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(data not shown). Methamphetamine (10 mg) increased ratings of
Performance Impaired during placebo maintenance, while the two
highest doses of methamphetamine did so during atomoxetine
maintenance (data not shown).

3.2.2. Adjective-Rating Scale

Methamphetamine increased ratings on the Stimulant Scale of
the Adjective-Rating Scale (F424=29.1, p<0.0002). Each of the doses
of methamphetamine increased ratings on this scale significantly
above placebo levels during placebo maintenance, while only the
three highest methamphetamine doses did so during atomoxetine
maintenance. Atomoxetine maintenance did not significantly alter
the effects of methamphetamine.

3.2.3. Digit-Symbol-Substitution Test (DSST)

Methamphetamine increased the number of trials completed (F424 =
8.9, p<0.0002) and number of trials correct (F424=13.9, p=0.0001)
on the DSST. Intranasal methamphetamine (5, 20 and 30 mg) alone
increased the number of trials completed significantly above placebo
levels during placebo maintenance, while 20 and 30 mg intranasal
methamphetamine did so during atomoxetine maintenance (Fig. 3).
Atomoxetine maintenance did not significantly alter the effects of
methamphetamine on the number of trials completed. The two highest
doses of intranasal methamphetamine alone increased the number of
trials correct significantly above placebo levels during placebo mainte-
nance, while the three highest intranasal methamphetamine doses
did so during atomoxetine maintenance (Fig. 3). The number of trials
completed correctly was significantly lower following the administration
of 20 mg methamphetamine during atomoxetine maintenance relative
to when this methamphetamine dose was administered alone.

4. Discussion

The present study examined the acute physiological and subjective
effects of a range of doses of intranasal methamphetamine (0, 5, 10, 20
and 30 mg) in participants maintained on oral atomoxetine (0 or
80 mg/day for at least 7 days). Intranasal methamphetamine increased
heart rate, blood pressure and temperature as a function of dose, and
produced a constellation of positive subjective drug effects (e.g., Like
Drug, Good Effects, Willing to Take Again). Atomoxetine maintenance
alone was generally devoid of physiological and subjective effects.
Atomoxetine maintenance augmented the heart rate-increasing effects
of an intermediate dose of methamphetamine (20 mg). By contrast,
atomoxetine maintenance attenuated methamphetamine-induced in-
creases in diastolic pressure. Atomoxetine maintenance did not alter the
subjective effects of intranasal methamphetamine.

Intranasal methamphetamine increased heart rate, blood pressure
and temperature during placebo maintenance. While the effects of
intranasal methamphetamine were generally an orderly function of
dose, they were not clinically significant and no unexpected or serious
adverse events occurred. Atomoxetine maintenance augmented the
heart rate-increasing effects of an intermediate dose of methamphet-
amine (20 mg). While statistically significant, the magnitude of the
augmentation of the heart rate-increasing effects of 20 mg metham-
phetamine was modest (i.e., approximately 10 bpm). Atomoxetine
augmented the heart rate-increasing effects of p-amphetamine in a
previous study, although this effect did not attain statistical significance
(Sofuoglu et al., 2009). The more robust effects of atomoxetine on
amphetamine-induced increases in heart rate observed in the present
study may be due to the use of a higher maintenance dose than was
tested in the previous study (i.e., 80 versus 40 mg/day). Atomoxetine
maintenance attenuated methamphetamine-induced increases in dia-
stolic pressure. The cardiovascular effects observed with the metham-
phetamine-atomoxetine combinations are qualitatively similar to those
observed following p-amphetamine administration to participants
maintained on atomoxetine (Sofuoglu et al., 2009). The relative safety
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Fig. 3. Shown are dose-response functions for methamphetamine during maintenance
on placebo (circles) and 80-mg/day atomoxetine (triangles) for trials completed and
trials correct on the DSST. Data are expressed as peak effect (i.e., the maximum score
observed following each methamphetamine administration). Other details are the
same as in Fig. 1.

of acute administrations of methamphetamine during atomoxetine
maintenance suggests that higher doses of the constituent compounds
could be tested in future studies.

Intranasal methamphetamine produced prototypical subjective
drug effects (e.g., increased ratings of Good Effects, Like Drug, Willing
to Take Again). The magnitude of the effects of intranasal metham-
phetamine observed in the present experiment was similar in
magnitude to those reported previously in studies that used compa-
rable doses and subjective-effects instruments (Hart et al., 2008). In
the present experiment, 20 and 30 mg intranasal methamphetamine
increased subject ratings to approximately 50-65 mm on a 100-mm
visual analog scale. As noted above, these two doses of methamphet-
amine were administered during the same experimental session but
separated by 90 min. In the previous study, a bolus dose of 50 mg
intranasal methamphetamine increased subjective ratings to approx-
imately 75 mm on a 100-mm visual-analog scale (Hart et al., 2008).

The subjective effects of intranasal methamphetamine were not
affected by atomoxetine maintenance relative to placebo. The results of
the present experiment are concordant with those from a previous
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human laboratory experiment that assessed the subjective effects of
intranasal cocaine in participants maintained on atomoxetine (Stoops
et al.,, 2008). By contrast, the failure of atomoxetine to attenuate the
subjective effects of methamphetamine in the present experiment is
discordant with the results of a previous study that reported that
atomoxetine (40 mg/day for 4 days) attenuated some of the positive
subjective effects of 20 mg p-amphetamine (Sofuoglu et al., 2009). The
reason for the discrepancy between the present experiment and the
previous study is unknown, but three explanations seem plausible. First,
the present experiment tested methamphetamine while the previous
study used p-amphetamine. While p-amphetamine and methamphet-
amine produce a similar constellation of effects (Sevak et al., 2009),
there are some neuropharmacological differences between these
congeners. D-Amphetamine and methamphetamine are equally potent
in terms of promoting dopamine release, but there are potency
differences between them in terms of norepinephrine release (Rothman
et al,, 2001). These differences may make it more difficult to attenuate
the subjective effects of methamphetamine with atomoxetine. Second,
p-amphetamine was administered orally in the previous study
(Sofuoglu et al., 2009) whereas methamphetamine was administered
intranasally in the present study. Intranasal drug administration is
associated with more rapid penetration of the central nervous system.
Drug effects that onset rapidly may be more difficult to attenuate
pharmacologically than those that occur slowly. Third, the participants
tested in the previous study were quite different from those enrolled in
the present experiment. Participants in the previous study were without
histories of drug abuse or dependence. Participants in the present
experiment, by contrast, had to meet diagnostic criteria for a stimulant
use disorder. Perhaps the subjective effects of amphetamines are more
amenable to pharmacological manipulation in individuals with less
extensive histories of stimulant use. Consistent with this notion, the
results of some clinical trials suggest that patients with lower baseline
methamphetamine use respond better to pharmacotherapy (Elkashef
et al., 2008b; Shoptaw et al., 2008).

At least three caveats of the present experiment warrant discussion.
First, the doses of methamphetamine were tested in ascending order for
safety purposes. Future studies should administer the methamphet-
amine doses in a randomized fashion. Second, two active methamphet-
amine doses were administered in each experimental session (i.e., 5 and
10 mg; 20 and 30 mg). Given the relatively long half-life of metham-
phetamine, it is likely that the initial doses influenced the effects of the
subsequent doses. Future research should test each of the metham-
phetamine doses on separate days. A third caveat is that this study used
subjective-effects questionnaires. These instruments were selected
because they could easily be incorporated into a safety and tolerability
study design as a secondary outcome measure. While many human
laboratory studies have used subjective-effects questionnaires to
determine the initial efficacy of pharmacotherapies for stimulant
dependence, these instruments are prone to both false-positive and
false-negative results. Future research should use more sophisticated
behavioral arrangements that are predictive of pharmacotherapy
effectiveness such as drug self-administration (Comer et al., 2008;
Haney and Spealman, 2008).

Subsequent studies should also consider other aspects of stimu-
lant dependence that are unrelated to the acute effects of metham-
phetamine but could be a barrier to recovery. For example, stimulant
abusers often perform more poorly than matched controls on some
neurocognitive tasks (e.g., Jovanovski et al., 2005; Rendell et al., 2009;
Salo et al., 2007; van der Plas et al., 2009). Perhaps pharmacologically
improving neurocognitive functioning would allow stimulant de-
pendent patients to benefit more fully from cognitive-behavioral
therapies thereby effecting reductions in drug use. In this respect,
atomoxetine might be a viable pharmacotherapy for stimulant
dependence because it has been shown to improve some cognitive
deficits in patients with Attention Deficit Hyperactivity Disorder
(ADHD) (e.g., Chamberlain et al., 2007; Faraone et al., 2005).

In summary, the present study demonstrated that acute intranasal
methamphetamine doses were well tolerated during atomoxetine
maintenance. These results support further testing with metham-
phetamine during atomoxetine maintenance, but using a more
rigorous randomized dosing design. Subsequent studies should
include measures that model drug use in the natural environment,
and consider outcomes associated with stimulant dependence beyond
acute drug effects. For example, future research could evaluate the
impact of medication maintenance on measures of cognitive function
and model effective behavioral therapies to assess potential in-
teractions between pharmacological and behavioral treatments.
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