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Abstract
Marijuana users consistently demonstrate impairments in attention, executive function and
response inhibition, which resemble deficits seen in attention deficit hyperactivity disorder
(ADHD). We hypothesized that targeting the cognitive deficits associated with chronic marijuana
use through ADHD medications may help identify a therapeutic agent for marijuana dependence.

Thirteen subjects participated in an 11-week open label study to determine the feasibility, safety
and tolerability of atomoxetine for individuals seeking treatment for marijuana dependence. The
Time-Line Follow-Back measured marijuana use 90 days prior to study entry (p-TLFB) and
weekly during the study (s-TLFB) along with weekly qualitative urine drug screen (UDS). For the
eight subjects who completed the trial, the TLFB data showed a trend toward reduction in use with
an increase in percent days abstinent (p=0.06). Analysis of weekly UDSs did not confirm the
TLFB trend with 94% of all possible UDSs positive for THC through out the study.

Marijuana dependent subjects taking atomoxetine experienced an inordinate number of
gastrointestinal (GI) adverse events. Overall, 10 of 13 subjects (77%) experienced a mild to
moderate GI adverse event defined as nausea, vomiting, dyspepsia, and loose stools. Atomoxetine
is of limited utility in the treatment of cannabis dependence and is associated with clinically
significant GI adverse events.
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1.0 Introduction
Marijuana has long been the most commonly abused illicit drug in the United States
(SAMHSA, 2005). Recent years have seen an increase in the number of medication trials for
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marijuana dependence. Thus far, clinical trials using psychotropic agents such as valproic
acid and buspirone have been conducted with mixed results and no pharmacological
intervention has demonstrated efficacy in reducing marijuana use (Levin et al., 2004; McRae
et al., 2006). Human laboratory trials of the antidepressants nefazodone and bupropion for
amelioration of marijuana withdrawal found nefazodone to be partially effective for control
of marijuana withdrawal related anxiety and muscle pain while bupropion was ineffective,
and aggravated marijuana withdrawal related mood symptoms (Haney et al., 2003; Haney et
al., 2001). Dronabinol, a synthetic cannabinoid agonist, has been used in human laboratory
and outpatient studies of chronic marijuana smokers and demonstrated significant
improvements in marijuana withdrawal related measures of craving, insomnia, appetite
changes and anxiety (Budney et al., 2007; Haney et al., 2004). The CB1 antagonist
rimonabant (SR141716) has also been used in marijuana smokers and was found to partially
block the physiological response to acute marijuana administration and also demonstrated
significant reductions in visual analog measures of drug strength and intoxication (Huestis et
al., 2001).

Marijuana users consistently demonstrate time and dose-dependent impairments in attention,
memory, executive function and response inhibition that resemble deficits seen in people
with attention deficit hyperactivity disorder (ADHD) (Klingberg et al., 2005; Krain and
Castellanos, 2006; Pope et al., 1995; Ramaekers et al., 2006; Solowij et al., 2002). Targeting
these deficits through ADHD medications may help identify a therapeutic agent for
marijuana dependence. Recent publications on the pharmacotherapy of ADHD in adults and
adolescents have advocated for the use of medications with low abuse potential (i.e.
atomoxetine and bupropion) in persons with comorbid marijuana use (Kratochvil et al.,
2006; Wilens, 2006). We hypothesized that the selective norepinephrine reuptake inhibitor
atomoxetine may therefore be useful in the treatment of marijuana addicts due to its
cognitive enhancement effects and low abuse liability.

2.0 Method
An 11-week open label study was conducted to determine the feasibility, safety and
tolerability of atomoxetine for individuals seeking treatment for marijuana dependence. The
trial was reviewed and approved by the University of Pennsylvania Institutional Review
Board. Subjects were recruited via print ads in local media. All study visits were conducted
by a study physician at the clinical research offices of the Center for Studies of Addiction.
After complete description of the study to the subjects, written informed consent was
obtained prior to study entry. All subjects stated their goal was complete abstinence from
marijuana. All subjects met DSM-IV criteria for marijuana dependence. Subjects were
excluded for other active DSM-IV mood, anxiety or psychotic disorders, other substance
dependence (except nicotine), major medical problems, or a previous diagnosis of ADHD.
Subjects received financial reimbursement for completion of weekly study assessments.

Subjects received a flexible dose of atomoxetine (from 25 to 80mg per day) depending upon
individual tolerability. By comparison, the maximum recommended daily dose of
atomoxetine in adults with ADHD is 100mg/day.. Informed consent and baseline
assessments were collected during the first study visit (week 1a). Subjects then returned for
a second visit within 48 hours to review laboratory results, a personal feedback report and
receive their initial medication dose (week1b). All subjects were started on an initial dose of
25mg atomoxetine. Over the following 2 weeks, medication dose was titrated upward to a
target dose of 80mg/day. At the end of study week 3, subjects were maintained on their
maximum tolerated dose (25, 40 or 80mg/day). At each study week, subjects had a 15–20
minute visit with the study physician to review adverse events, medication adherence and
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promote complete abstinence from marijuana. The subjects remained on a stable dose of
medication until study week 9 and were tapered off medication over study weeks 10 and 11.

Marijuana use at baseline and at weekly intervals was measured by Time-Line Follow-Back
(TLFB, recorded as percent days of abstinence for the data analysis) and by weekly
qualitative urine drug screens (UDS, at a standard cutoff of 50ng/dL) (Sobell and Sobell,
1992). No attempt was made to formally measure marijuana withdrawal. The Beck
Depression Inventory (BDI) and Beck Anxiety Inventory (BAI) were obtained at baseline
and weekly intervals (Beck et al., 1988; Beck and Rickels, 1974). The Addiction Severity
Index 5th edition (ASI) was administered at baseline and at the end of study week
11(McLellan, 1992).

All demographic and descriptive statistics are presented as percentages and means (±SD).
Differences between means of BDI, BAI and ASI were analyzed using two-tailed t-tests
with SPSS version 14.0 for Windows (SPSS Inc., 2005). A random effects model ANOVA
was used to assess change from baseline TLFB over time with subject as the random effect.

3.0 Results
During the eight week period of recruitment, twenty-one individuals signed informed
consent for the trial and fourteen subjects started medication. One subject who started
medication was excluded from the analysis because he had no marijuana use on weekly
TLFB and negative UDSs at baseline and throughout the trial. Eight subjects (8/13)
completed the eleven-week trial.

The subjects in the medication group were predominantly male (77%), average age 34.5 yrs
(SD=11.3), and used marijuana sixteen (SD=11.8) out of the last 30 days. Figure 1 illustrates
subject retention by week, reason for early withdrawal (in parenthesis), and final
atomoxetine dose for each subject in the medication group. The mean final dose of
atomoxetine was 62.3 mg per day (SD = 23.8).

Mixed effects analysis of the TLFB data showed a trend toward reduction in use that was
not statistically significant. Mixed effects ANOVA of the eight study completers found a
numerical increase in proportion of days abstinent and a trend toward significance (p=0.06).

Using last observation carried forward to account for early subject withdrawal, analysis of
weekly UDSs in the medication group did not confirm the TLFB trend. Ninety four percent
of all possible UDSs (146 out of 156) were positive for THC over the 11 week trial. This
discrepancy between UDS and TLFB may be explained in part by the long half-life of THC
metabolites making UDSs an insensitive measure of reduction in MJ use. Despite no
significant reduction in use, subjects experienced an approximate two-fold reduction in Beck
Anxiety and Depression Inventory scores, and in ASI Family Problem Severity and
Psychiatric Problem Severity composite scores (Table 1).

Of particular concern, marijuana dependent subjects taking atomoxetine experienced an
inordinate number of gastrointestinal (GI) adverse events. Overall, 10 of 13 subjects (77%)
experienced a mild to moderate GI adverse event defined as nausea, vomiting, dyspepsia,
and loose stools. Two subjects (Fig. 1: subjects 1 and 4) withdrew from the trial at weeks 2
and 3 respectively citing discomfort from dyspepsia and loose stools as the reason for
discontinuation. Only 7 of 13 subjects were able to tolerate the target dose of 80mg and only
2 of 13 subjects tolerated the target dose of 80mg with no reported AEs. Dry mouth was
reported in 5 of 13 subjects. Medication related increase in anxiety was reported in 2 of 13
subjects. Other physical adverse events such as headache, insomnia, arthralgia and
urogenital complaints occurred in 7 of 13 subjects. Along with self reports of adverse
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events, the mean ASI Medical Problem Severity composite score increased two-fold (Table
1), but was not significantly correlated with total dose of medication taken during the trial
(Spearman’s rho = 0.335, p = 0.416, n=8).

4.0 Discussion
This open-label study suggests atomoxetine is of limited to no utility in the treatment of
marijuana dependence and is associated with clinically significant GI adverse events. This is
of particular relevance since recent clinical case and review articles in peer review
publications have advocated for the use of atomoxetine for the treatment of ADHD in
persons dependent on marijuana and other drugs of abuse (Kratochvil et al., 2006; Wilens,
2006). Taken with a prior negative study of bupropion for marijuana withdrawal, it would
seem that non-stimulant cognitive and mood enhancing agents are not promising compounds
for the treatment of marijuana dependence.

Although abstinence was the goal for all subjects entering the trial, the absence of additional
psychosocial or behavioral interventions beyond a brief visit with a study physician may
have contributed to the absence of a significant reduction in marijuana use. This is not
surprising as previous psychosocial and behavioral intervention trials have demonstrated
small to moderate effectiveness in achieving sustained abstinence from marijuana (Budney
et al., 2000; Dennis et al., 2004; Stephens et al., 2000). Although, there is no control group
for comparison, the lack of significant self-reported reduction in use and high percentage of
THC positive urine throughout the trial is indicative of limited efficacy under control
conditions unless coupled with a robust psychosocial or behavioral treatment.

This pilot study demonstrates a clear interest in receiving treatment for primary marijuana
dependence in a large urban population and that subject recruitment and retention are
adequate for conducting pharmacologic trials for marijuana dependence. On the other hand,
the recruitment window of this trial was only eight weeks, so it is difficult to know if
acceptable levels of recruitment can be maintained over an extended period of time.
Approximately twenty-two percent of eligible participants started medication, which could
signal ambivalence over the use of medications to control marijuana use. Although there
was a demonstrable trend toward self reported reduction in marijuana use, sustained
reduction in use was not observed or verified by UDS. The eight subjects who completed the
trial did experience reductions in anxiety symptoms and improvement in family-social
functioning as well as overall reduction in depressive symptoms compared to baseline.

The unexpectedly high rate of GI adverse events in these subjects is concerning. Since
marijuana withdrawal was not formally measured in this study, it is certainly possible that
subjects were experiencing symptoms of marijuana withdrawal (which include GI
discomfort) during the trial when they tried to stop or cut down (Budney et al., 2004)
Although marijuana use did not significantly decline during the trial, any attempt to cut
down or stop marijuana use may have resulted in withdrawal symptoms. It is known that
marijuana (through CB1 activity) can reduce gut motility and thereby prolong exposure of
atomoxetine to gastrointestinal mucosa, possibly leading to GI irritation that could further
compound withdrawal related GI symptoms. (Croci et al., 1998; Izzo et al., 2000).

The observation of significant GI adverse events may suggest a previously undescribed
interaction between atomoxetine and cannabinoid metabolites or direct irritation of bowel
lumen by atomoxetine resulting in unanticipated GI symptoms in chronic marijuana users.
These findings warrant further investigation and vigilance on the part of clinicians using
atomoxetine in patients with known or subclinical marijuana dependence and unexplained
gastrointestinal symptoms.
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Figure 1.
Subject retention by week for the 13 subjects who started medication. The reason for subject
drop is in parenthesis by subject bar.
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Table 1

Comparison of mean baseline and end of study (EOS) ASI composite, BDI and BAI scores

Variable (N=8) Baseline (SD) EOS (SD) p value

ASI Composite

 Medical 0.21 (0.31) 0.50 (0.34) 0.15

 Family 0.35 (0.3) 0.18 (0.19) 0.09

 Psychiatric 0.29 (0.19) 0.17 (0.19) 0.2

 Drug 0.19 (0.11) 0.20 (0.08) 0.8

 Alcohol 0.13 (0.02) 0.06 (0.09) 0.16

 Employment 0.73 (0.25) 0.77 (0.23) 0.40

 Legal 0.02 (0.04) 0.00 (0.00) 0.18

BDI 12.6 (9.7) 7.3 (4.4) 0.107

BAI 13.3 (13.5) 5.8 (8.9) 0.71

Note: ASI = Addiction Severity Index; BDI = Beck Depression Inventory; BAI = Beck Anxiety Inventory; EOS = End of Study; SD= Standard
Deviation
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