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Abstract

Rationale—Despite their chemical similarities, methamphetamine and 3,4-
methylenedioxymethamphetamine (MDMA) produce differing neurochemical and behavioral
responses in animals. In humans, individual studies of methamphetamine and MDMA indicate
that the drugs engender overlapping and divergent effects; there are only limited data comparing
the two drugs in the same individuals.
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Objectives—This study examined the effects of methamphetamine and MDMA using a within-
subject design.

Methods—Eleven adult volunteers completed this 13-day residential laboratory study, which
consisted of four 3-day blocks of sessions. On the first day of each block, participants received
oral methamphetamine (20, 40 mg), MDMA (100 mg), or placebo. Drug plasma concentrations,
cardiovascular, subjective, and cognitive/psychomotor performance effects were assessed before
drug administration and after. Food intake and sleep were also assessed. On subsequent days of
each block, placebo was administered and residual effects were assessed.

Results—Acutely, both drugs increased cardiovascular measures and “positive” subjective
effects and decreased food intake. In addition, when asked to identify each drug, participants had
difficulty distinguishing between the amphetamines. The drugs also produced divergent effects:
methamphetamine improved performance and disrupted sleep, while MDMA increased “negative
subjective-effect ratings. Few residual drug effects were noted for either drug.

Conclusions—It is possible that the differences observed could explain the differential public
perception and abuse potential associated with these amphetamines. Alternatively, the route of
administration by which the drugs are used recreationally might account for the many of the
effects attributed to these drugs (i.e., MDMA is primarily used orally, whereas methamphetamine
is used by routes associated with higher abuse potential).
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Introduction

The amphetamine analogs methamphetamine and 3,4-methylenedioxymethamphetamine
(MDMA) are used in various social settings purportedly because they increase sociability,
euphoria, and alertness (Halkitis et al. 2005; Kelly et al. 2006; Rodgers et al. 2006). Both
amphetamines also produce other prototypical stimulant effects, including increased heart
rate and blood pressure, decreased food intake, and sleep disruptions (e.g., Comer et al.
2001; Vollenweider et al. 1998). Despite many overlapping effects, methamphetamine and
MDMA are commonly regarded as distinct. For example, an impressively large human
literature suggests that methamphetamine produces particularly pernicious long-term effects,
including cognitive impairments (e.g., Baicy and London 2007), tooth decay (i.e., “meth
mouth”: e.g., Hamamoto and Rhodus 2009), and psychological disturbances (e.g., Grelotti et
al. 2010). A comparable literature for MDMA does not exist. The MDMA literature
concerning long-term cognitive deficits is characterized by conflicting results (see Lyvers
2006 for review). Some researchers have found persistent cognitive impairments in MDMA
users (e.g., Bolla et al. 1998), while others have observed few differences between MDMA
users and controls (e.g., Hoshi et al. 2007). On the other hand, some reports indicate that
MDMA use produces unique effects that are unlike other amphetamines, such as a
temporary depressive state colloquially referred to as “Suicide Tuesday” in the days
following use (e.g., Parrott and Lasky 1998). It is possible that the route by which these
drugs are most often used recreationally might account for some differences.
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Methamphetamine, for instance, is used via routes other than oral (e.g., smoked and
intravenous), which increases the likelihood of abuse and other deleterious effects.

Another possible explanation is that the chemical structural variations between
methamphetamine and its ring-substituted analog MDMA contribute to the purported
divergent profiles. Indeed, there is empirical evidence indicating that these structural
differences result in differing neurochemical responses. For instance, although both
amphetamines release brain monoamines, the degrees to which they release these
neurotransmitters vary depending upon the drug. That is, methamphetamine is a more potent
releaser of dopamine (DA) and norepinephrine (NE), whereas MDMA is a more potent
releaser of serotonin (5-HT; Rothman et al. 2001). It has been suggested that these
neurochemical differences underlie some of the differing behavioral responses observed in
laboratory animals. For example, in a study comparing the relative reinforcing effects of
amphetamines in rhesus monkeys, Wang and Woolverton (2007) found that
methamphetamine was a more potent reinforcer than MDMA and attributed this difference
to the relatively greater dopamine to serotonin releasing potency of methamphetamine.
Furthermore, Crean et al. (2006) reported that methamphetamine and MDMA produced
differential effects on measures of locomotor activity and temperature regulation in rhesus
monkeys. These researchers speculated the observed behavioral differences were due to the
fact that the amphetamines differentially alter monoamine activity.

In humans, individual studies of methamphetamine and MDMA indicate that the drugs
engender both overlapping and divergent effects. For example, both oral methamphetamine
and MDMA increase wakefulness and euphoria and decrease food intake (e.g., Cami et al.
2000; Hart et al. 2002, 2003; Liechti et al. 2001; Tancer and Johanson 2003). Although
methamphetamine improves some measures of cognitive performance (e.g., Hart et al. 2002;
Silber et al. 2006), MDMA does not and, in some cases, disrupts cognitive performance
(e.g., Cami et al. 2000; Kuypers and Ramaekers 2005). Only a limited number of studies
have compared the direct effects amphetamines with MDMA in the same research
participants (Cami et al. 2000; Tancer and Johanson 2003; Johanson et al. 2006; Bedi et al.
2010). In general, the drugs had a profile of behavioral, physiological, and subjective effects
that overlapped, although some differences were observed.

In an effort to expand upon the dearth of studies examining this issue, the present
investigation directly compared the acute and residual effects of methamphetamine (20 and
40 mg) and MDMA (100 mg) using a within-subjects design. We have previously published
a subset of data from this study focused on speech (Marrone et al. 2010). The purpose of this
larger study was to assess the effects of the two amphetamines on a wider set of behaviors
including, cognitive/psychomotor performance, mood, food intake, physiological measures,
and sleep. We hypothesized that: (1) acute methamphetamine and MDMA would similarly
increase “positive” ratings of mood; (2) methamphetamine would improve measures of
cognitive/psychomotor performance; and (3) MDMA would decrease measures of cognitive/
psychomotor performance. We also predicted that both drugs would decrease sleep and that
MDMA would disrupt mood in the days following drug administration.
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Methods and materials

Participants

Eleven research volunteers (mean age 29.3+5.0 [£SD]) completed this 13-day inpatient
study. Two participants were female (one Black, one Hispanic) and nine were male (one
Asian, two Black, two Hispanic, four White). They were recruited via word-of-mouth
referral and newspaper and online advertisement in New York City. On average, they had
completed 14.1+1.5 (mean £ SD) years of formal education. All passed comprehensive
medical examinations and psychiatric interviews and were within normal weight ranges
according to the 1983 Metropolitan Life Insurance Company height/weight table (body mass
index: 24.9+1.2 [mean £ SD]). All participants reported previous experience with
methamphetamine and MDMA. Six participants reported current smoked and intranasal
methamphetamine use 4.2+4.7 days/month and ten reported current oral MDMA use
2.1+1.8 days/month. Four participants reported current cocaine use (1-4 days/month), nine
reported current alcohol use (1-3 days/week), nine reported current marijuana use (1-7
days/week), and eight smoked 1-10 tobacco cigarettes/day. No participant met criteria for
an Axis | disorder and no one was seeking treatment for her/his drug use.

Before study enrollment, each signed a consent form that was approved by the Institutional
Review Board of The New York State Psychiatric Institute (NYSPI). Upon discharge, each
participant was informed about experimental and drug conditions and was paid for their
participation. They were compensated at a rate of $35/day; those who completed the entire
13-day study were paid an additional bonus of $35/day.

Pre-study training

Design

Procedure

Prior to starting the study, participants completed two training sessions (3—4 h each) on the
computerized cognitive/psychomotor tasks that would be used during the study.
Additionally, on a separate day, they received the largest methamphetamine dose (40 mg) to
be tested inpatient in order to monitor any adverse reactions and provide them with
experience with a study drug in the laboratory setting. Participants were not informed of the
drug or dose until study debriefing.

Participants were housed in a residential laboratory at the NYSPI in three groups of three to
four individuals. The study consisted of one acclimation day followed by four 3-day blocks
of sessions, during which participants completed visual analog mood scales and cognitive/
psychomotor task batteries. On the first day of each block, participants were administered
either placebo or active drug capsules. The dosing order was counterbalanced so that no two
participants received the same drug on the same day. On days 2 and 3 of each block,
participants were administered placebo capsules. These days served as washout a period and
provided the opportunity to investigate residual drug effects.

Participants moved into the laboratory on the day before the study began so that they could
receive further training on tasks and experimental procedures. The first experimental day
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began the following morning at 0800 hours. Table 1 displays experimental session activities.
Fifteen minutes after awakening at 0815 hours, participants completed a visual analog sleep
questionnaire and the baseline task battery, composed of the cognitive/psychomotor tasks
and the subjective-effects questionnaire (described below). Then, they were weighed (but
were not informed of their weight) and given time to eat breakfast. Following breakfast at
0945 hours, participants were administered an active drug capsule or placebo in a private
vestibule. Then, participants completed two task batteries from 1045 to 1245 hours, took a
1.5-h lunch break period, and completed three additional task batteries from 1415 to 1700
hours. Participants were given a 15-min break between each task battery. Cardiovascular
measures and oral temperature were obtained at baseline and 0.5, 1.5, 3, 6.25, and 7.25 h
after capsule administration. Blood samples were collected at baseline and 0.5, 1.5, 3, and
6.25 h after capsule administration on the first day of each block via an i.v. line, which was
kept patent by a physiological saline solution drip. An additional blood sample was obtained
24 h after capsule administration.

Beginning at 1715 hours, participants had access to the social area, where they could interact
with other study participants and engage in recreational activities. Two films were shown
daily, beginning at 1730 and 2030 hours. During this period, social behavior was recorded
using a computerized observation program that prompted recording of each participant's
behavior every 2.5 min (e.g., Haney et al. 2007). Behaviors were classified into private (time
spent in bathroom/bedroom) and social (time spent in the recreational area). Time spent in
the social area was further divided into time spent talking and time spent in silence.
Outcomes were total minutes spent engaging in each behavior per day. Lights were turned
out at 2400 hours for an 8-h sleep period. Participants could smoke cigarettes ad libitum
from 0800 to 2300 hours.

Subjective-effects and psychomotor battery

The computerized visual analog questionnaire consisted of a series of 100-mm lines labeled
“not at all” at one end and “extremely” at the other end (Hart et al. 2003). The lines were
labeled with adjectives describing a mood (e.g., “I feel...,” “irritable,” “talkative,”
“unmotivated”), a drug effect (e.g., “I feel...,” “stimulated,” “a good drug effect,” “a bad
drug effect”), or a physical symptom (“I feel nauseous,” “I have a headache,” “My heart is
beating faster than usual™). Additionally, at various time points participants completed a
drug-effect questionnaire (DEQ), during which they were required to rate “good effects” and
“bad effects” on a 5-point scale: 0 =“not at all” and 4="very much.” They were also asked to
rate the drug strength as well as their desire “to take the drug again.” Lastly, participants
were asked to rate how much they liked the drug effect on a 9-point scale: -4="disliked very
much,” 0="feel neutral, or feel no drug effect,” and 4="liked very much.” At the end of the
final task battery at 1715 hours, participants completed a final two-item questionnaire during
which they were required to (1) write which drug they thought they had received and (2) rate
their confidence about this judgment on a 100-mm line labeled “not at all” at one end and
“extremely” at the other end.

The computerized psychomotor task battery consisted of five tasks: (1) the Digit Recall
Task, designed to assess changes in immediate and delayed recall (see Hart et al. 2001); (2)
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the digit-symbol substitution task (DSST), designed to assess changes in visuospatial
processing (McLeod et al. 1982); (3) the divided attention task (DAT), designed to assess
changes in vigilance and inhibitory control (Miller et al. 1988); (4) the rapid information
task (RIT), designed to assess changes in sustained concentration and inhibitory control
(Wesnes and Warburton 1983); and (5) the Repeated Acquisition Task, designed to assess
changes in learning and memory (Kelly et al. 1993).

Food monitoring

Food items were available ad libitum from 0845 to 2330 hours, and water was available at
all times. Meals that required preparation time (e.g., frozen meals) were not permitted while
completing task batteries. Consumption of food items was closely examined. Participants
were required to specify the substance and portion of any item they ate or drank by scanning
custom-designed barcodes and were informed that independent observers would
continuously monitor their food intake. Research monitors in the control room electronically
acknowledged and kept hand-written records of each food request and report. Moreover,
wrappers for each food item were color-coded by participant and their trash was examined
daily to confirm the accuracy of their reports and of the observers' records. These procedures
do not alter total daily intake and are sensitive to methodologies influencing amounts and
patterns of intake (Foltin et al. 1988, 1992; Haney et al. 1997; Perez et al. 2008a).

Sleep monitoring

Drug

Objective sleep was measured by tracking gross motor activity using the Actiwatch®
Activity Monitoring System (Actiwatch®; Respironics Company, Bend, OR). This system
allowed for calculation of total sleep time, sleep onset latency, sleep efficiency (total sleep
time as a percentage of time in bed), and nhumber of wake bouts (Kushida et al. 2001).
Subjective sleep experience from the immediately preceding sleep period was measured by a
visual analog sleep questionnaire completed shortly after waking. The questionnaire
consisted of a series of 100mm lines labeled “not at all” at one end and “extremely” at the
other end. The lines were labeled: “I slept well last night,” “I woke up early this morning,”
“| fell asleep easily last night,” “I feel clear-headed this morning,” “I woke up often last
night,” “l am satisfied with my sleep last night,” and a fill-in question in which participants
were asked to estimate the number of hours they slept the previous night (Haney et al.
2001).

Tablets of methamphetamine hydrochloride (MA; Desoxyn, Abbot Laboratories, North
Chicago, IL) and MDMA hydrochloride (manufactured and provided by Dr. David Nichols
of Purdue University) were repackaged by the Pharmacy Department of the NYSPI by
placing tablets into a white no. 00 opaque capsule and adding lactose filler. Placebo
consisted of white no. 00 capsules containing only lactose. The drug doses examined were
based on previous separate studies suggesting that 40 mg methamphetamine and 100 mg
MDMA produce similar effects on cardiovascular measures and “positive” subjective
ratings of mood (Hart et al. 2002, 2008, in preparation). Briefly, Hart and colleagues (in
preparation) examined the effects of oral MDMA (0, 50, 100 mg) and data from that study
suggested that the 100-mg MDMA dose would produce greater effects than 20 mg
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methamphetamine (oral; Hart et al. 2002) but similar effects to 40 mg methamphetamine
(oral; Hart et al. 2008). The 20-mg methamphetamine dose was included here to provide
information about the methamphetamine dose response curve. A lower MDMA dose (i.e.,
50 mg) was not included because this dose produced subjective effects similar to 100 mg
MDMA (Hart et al., in preparation) and it would have increased the study length, increasing
the likelihood of participant dropout.

Data analysis

Results

Cardiovascular effects, drug plasma concentrations, subjective ratings, food intake, and
cognitive/psychomotor performance data were analyzed using a two-factor repeated-
measures analyses of variance (ANOVA): the first factor was drug condition (placebo, 20
mg and 40 mg methamphetamine, and 100 mg MDMA) and the second factor was time of
assessment (timing and number of assessments varied depending on the measure, e.g.,
subjective ratings were assessed at time points baseline, 1.0, 2.5, 4.75, 5.5, and 6.75 h after
capsule administration). Peak cardiovascular and subjective-effects data were also analyzed,;
for the sake of brevity, these analyses are included in Table 2 only. Cigarette consumption,
social interaction measures, and sleep data were analyzed using a single-factor ANOVA; the
factor was drug condition. For all analyses, ANOVAs provided the error terms needed to
calculate the following planned comparisons: placebo vs. all active doses, 20 mg vs. 40 mg
MA, 20 mg MA vs. 100 mg MDMA, and 40 mg MA vs. 100 mg MDMA. p values were
considered statistically significant at less than 0.05, using Huynh- Feldt corrections when
appropriate.

Plasma methamphetamine and MDMA levels

Acute effects—Figure 1 (top left panel) shows that methamphetamine (20 and 40 mg) and
MDMA increased drug plasma concentrations. Peak plasma concentrations for each drug
were observed 3 h after drug administration and declined over the next several hours. The
effect of methamphetamine was dose-related in that both doses caused a significantly greater
concentration increase than placebo and that the 40-mg dose produced larger increases than
the 20-mg dose (p<0.0001 for all comparisons).

Residual effects—Although methamphetamine and MDMA plasma concentrations
steadily declined over the 24-h post drug administration, they remained significantly
elevated compared to predrug administration levels.

Cardiovascular and oral temperature effects

Acute effects—Figure 1 (top right and bottom panels) displays cardiovascular measures
as a function of dosing condition and time. Peak cardiovascular effects occurred between 90
and 180 min. Relative to placebo, active drug conditions significantly increased heart rate
(HR), systolic pressure (SP), and diastolic pressure (DP: p<0.0001 for all comparisons).
When active dosing conditions were compared, the 40-mg methamphetamine dose produced
greater sustained HR increases than MDMA (p<0.01) and larger SP and DP elevations than
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the 20-mg methamphetamine dose (p<0.01). There were no significant drug effects on oral
temperature.

Residual effects—Both methamphetamine doses caused HR to remain significantly
increased 24 h after their administration compared to placebo (p<0.01). In addition, relative
to MDMA, 40 mg methamphetamine produced significantly elevated HR and DP 24 h after
drug administration (p<0.01)

Subijective effects

Acute effects—Figure 2 illustrates the effects of dosing condition on selected subjective-
effect ratings over time. Relative to placebo, methamphetamine (20 and 40 mg) and MDMA
markedly increased ratings of “good drug effect” and “stimulated” (p<0.03 for all
comparisons). Both the larger methamphetamine dose (40 mg) and MDMA produced
greater ratings of “good drug effect” than the lower methamphetamine dose (20 mg); the 40-
mg methamphetamine dose significantly elevated ratings of “stimulated” compared to the
20-mg dose and MDMA (p<0.03 for all comparisons). MDMA produced significantly
greater ratings of “bad drug effect,” “can't concentrate,” “tired,” and “sleepy” than placebo
and both methamphetamine doses (p<0.05 for all comparisons; some data not shown). In
general, peak subjective-effect ratings for both drugs were observed approximately 2.5 h
after drug administration; statistically significant effects are summarized in Table 2.

Figure 3 (left panel) shows that methamphetamine and MDMA significantly increased peak
DEQ ratings of “drug strength” and “good drug effect” compared to placebo (p<0.0001 for
all comparisons; some data not shown). However, only methamphetamine (20 mg and 40
mg) significantly increased participants’ reported desire to take the drug again (p<0.03;
Figure 3, right panel) and ratings of “drug liking” (p<0.05); conversely, only MDMA
significantly increased DEQ ratings of “bad drug effect” (p<0.01).

On the questionnaire probing what drug the participants thought they had received, 72.7% of
participants (i.e., eight out of 11) correctly identified placebo (18.2% reported MDMA and
9.1% reported sedative; confidence rating= 72.7+9.5), 45.5% correctly identified 20 mg
methamphetamine (45.5% reported MDMA and 9.1% reported placebo; confidence
rating=76.7+13.3), 72.7% correctly identified 40 mg methamphetamine (27.3% reported
MDMA, confidence rating=80.1+5.6), and 45.5% correctly identified 100 mg MDMA
(27.3% reported methamphetamine and 27.3% reported sedative; confidence
rating=87.6+5.2).

Residual effects—Relative to placebo, under the 40-mg methamphetamine dose
condition, ratings of “tired” were significantly elevated 24 h after drug administration
(19.4+3.4 [placebo] vs. 33.8+3.9 [40 mg MA], p<0.05). No other significant subjective
effects were observed on days 2-3.

Cognitive/psychomotor performance effects

Acute effects—Figure 4 shows that the 40-mg methamphetamine dose improved
performance over the course of the session on the DAT and RIT. Regarding the DAT,
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methamphetamine decreased mean hit latency and increased maximum tracking speed
compared to placebo and MDMA (p<0.05 for both comparisons). On the RIT,
methamphetamine increased the total number of hits and decreased the number of misses
compared to placebo and MDMA (p<0.05 for both comparisons). MDMA did not
significantly alter cognitive/psychomotor performance.

Residual effects—Day 2 performance on the RIT remained improved under the 40-mg
methamphetamine condition compared to placebo. Hits were significantly increased and
misses were significantly decreased (p<0.05). No other significant performance effects were
noted.

Sleep effects

Residual effects—Figure 5 illustrates the effects of dosing condition on sleep during the
sleep period that began 14.25 h after drug administration. Relative to placebo and MDMA,
methamphetamine reduced both the objective and subjective number of hours participants
slept (p<0.001). This effect appeared to be partially mediated by methamphetamine-related
actions on sleep onset latency: under both methamphetamine conditions, objective measures
of onset latency were increased and participants reported greater difficulty falling asleep
(p<0.005 for all comparisons). Conversely, ratings of “fell asleep easily” were significantly
increased by MDMA compared to placebo (p<0.001). Table 3 shows additional significant
effects produced by methamphetamine and MDMA on objective and subjective sleep
measures on day 1 (i.e., 14.25 h after drug administration).

Table 4 shows that several objective and subjective sleep measures were altered on day 2.
For example, relative to placebo, the 40-mg methamphetamine dose significantly increased
the actual number of hours slept on day 2 (p<0.05).

Effects on food intake

Acute effects—Relative to placebo, over the course of the entire day, both
methamphetamine and MDMA significantly decreased the total number of calories
consumed (Fig. 6, left panel). Both methamphetamine doses produced significantly greater
reductions compared to MDMA (p<0.05 for all comparisons). Figure 6 (right panel)
illustrates that this effect was mediated by methamphet-amine's longer duration of action.
During “lunch” (i.e., 1015-1415 hours), both methamphetamine and MDMA decreased
calories consumed compared to placebo. During “dinner” (i.e., 1415-2330 hours), however,
only methamphetamine sustained a significant reduction in calorie consumption (p<0.005
for all comparisons). Table 3 shows additional significant effects produced by
methamphetamine and MDMA on food intake measures.

Residual effects—There were no significant residual drug effects on food intake.

Effects on cigarette smoking

Acute effects—For the eight participants who smoked cigarettes during the study, both
methamphetamine doses increased the number of cigarettes smoked compared to placebo
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(p<0.01); the average increase was approximately five to six cigarettes (7.4+1.4 [placebo]
vs. 13.8+2.6 [20 mg MA], 12.4+2.2 [40 mg MA], and 10.4+ 1.7 [100 mg MDMA]).

Residual effects—No significant residual drug effects on cigarette consumption were
noted.

Effects on social interactions

There were no significant differences between doses on any measure of social interaction.

Discussion

The present findings show that acute single oral doses of methamphetamine and MDMA
produced many overlapping, prototypical stimulant effects in experienced users of both
drugs. Both amphetamines enhanced cardiovascular activity, increased ratings of
stimulation, euphoria and mood, and decreased food intake. The drugs did, however,
produce different acute effects on some measures. For example, only methamphetamine
improved cognitive/psychomotor performance, increased participants' reported desire to take
the drug again, and disrupted sleep. In addition, MDMA increased some measures of
“negative” mood, while methamphetamine enhanced only “positive” mood ratings. In
general, these results are consistent with previous studies that have compared the acute
effects of oral amphetamines with MDMA (e.g., Tancer and Johanson 2003; Johanson et al.
2006; Bedi et al. 2010). The current study extends earlier findings by providing the first data
directly comparing the residual effects of the two drugs in the same individuals.

An intriguing observation was that participants had difficulty distinguishing the
amphetamines (i.e., many reported that methamphetamine was MDMA and vice versa),
further indicating that the two drugs have similar effect profiles. This finding was
unexpected because all study participants had previous experience with both
methamphetamine and MDMA. In addition, there are scientific and popular reports
suggesting that the two amphetamines produce largely distinct effects (e.g., Peroutka etal.
1988; Tancer and Johanson 2001; Holland 2001). One possible explanation for the current
finding is the route by which the drugs were administered in the present study, i.e., both
drugs were administered via the oral route. While MDMA is primarily taken orally,
recreational methamphetamine is mainly used via routes other than oral such as the
intranasal, intravenous, or smoked route (e.g., Simon et al. 2002). The route of
administration difference can directly impact several aspects of acute drug actions. As we
observed here, the onset of peak cardiovascular and subjective effects occurred
approximately 1.5-2.5 h after oral methamphetamine administration. By contrast, we
previously reported that comparable doses of intranasal methamphetamine produced peak
effects within 15 min (Hart et al. 2008). Considering that the rapidity of drug-related effects
is a crucial determinant of the intensity of mood and behavioral effects, as well as the abuse
potential, of a drug (e.g., de Wit et al. 1993; Hatsukami and Fischman 1996), it is possible
that participants would have experienced less difficulty discerning methamphetamine if it
was administered by a route other than oral. Another possible explanation for this apparent
incongruent finding is that the purity of some illicit MDMA can be relatively low and often
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contains other stimulants such as D-amphetamine and methamphetamine (Parrot 2004).
Such previous drug experiences could have influenced the current results.

Despite the fact that most participants were unable to correctly identify the drug
administered, methamphetamine and MDMA produced differences on some measures. For
example, methamphetamine improved performance on tasks measuring response time and
vigilance, while MDMA had no effect on performance. The finding that methamphetamine
improved performance is consistent with our prediction and a growing database
demonstrating enhanced performance on relatively simple tasks (Mohs et al. 1978; Hart et
al. 2002; Silber et al. 2006). Although we did not observe support for the hypothesis that
MDMA would disrupt performance, data from our earlier report showed that the drug
caused verbal fluency decrements on a speech task completed 90 min after drug
administration (Marrone et al. 2010). The amphetamines also engendered different effects
on some “negative” mood ratings (e.g., only MDMA increased ratings of “bad drug effect”
and “can't concentrate™). This point highlights a potential drawback of the present study —
only one MDMA dose was examined. The MDMA dose tested was selected because it is
within the range used by recreational users to produce desired effects (e.g., euphoria), but a
more comprehensive understanding of the effects of this drug on human behavior, in
comparison to methamphetamine, would require a wider range of doses.

Nevertheless, the observed differential effects on cognitive performance and mood might
provide insight into the relative abuse potential of methamphetamine and MDMA. The fact
that methamphetamine produced primarily “positive” psychological effects (i.e., mood and
cognitive performance) might contribute to or enhance its abuse potential. Indeed, data from
numerous studies indicate that the reinforcing effects of stimulants are increased when
performance is perceived to be improved following drug administration (Silverman et al.
1994a, b; Comer et al. 1996; Jones et al. 2001; Stoops et al. 2005a, b). Conversely, the lack
of performance improvements combined with some acute “negative” mood effects following
MDMA administration may limit its abuse potential compared to methamphetamine.
Consistent with this speculation is the current finding that only methamphetamine (and not
MDMA) increased participants' reported desire to take the drug again. Subjective,
performance, and reinforcing effects are dissociable, of course, and, as a result, future
studies should directly examine the relative reinforcing effects of methamphetamine and
MDMA in humans.

With regards to residual drug effects, only methamphetamine disrupted sleep, as assessed by
both objective and subjective measures. It is noteworthy that a single oral methamphetamine
dose administered 14.25 h prior to bedtime decreased sleep in experienced
methamphetamine users. Consequently, participants reported being markedly more tired on
the day following methamphetamine administration. These results are in agreement with our
prior findings investigating the effects of intranasal and repeated oral doses of
methamphetamine on sleep (Perez et al. 2008b; Comer et al. 2001). In contrast, MDMA did
not produce any sleep disturbances. In fact, MDMA facilitated participants' reported ability
to more readily fall asleep. This finding conflicts with an earlier report showing that the drug
disrupts sleep (Randall et al. 2009) and our hypothesis that both drugs would negatively
impact sleep. The reason for the contradictory findings with the previous study is most likely
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due to the fact that Randall and colleagues administered MDMA only 5 h prior to bedtime,
whereas we administered the drug more than 14 h before requiring participants to go to bed.
It is possible that the divergent effects of the methamphetamine and MDMA on sleep are
due to their different pharmacokinetic profiles. For instance, methamphetamine has a half-
life of approximately 12 h, while MDMA has a half-life of approximately 6 h (Cook et al.
1992, 1993; Mueller et al. 2009). Thus, it might be expected that methamphetamine would
produce multiple stimulant effects that last considerably longer than MDMA-related effects.
Indeed, heart rate remained significantly elevated 24 h following methamphetamine, but not
MDMA, administration.

Based on reports suggesting that MDMA causes a temporary depressive mood state in the
days following use (e.g., Parrott and Lasky 1998), we hypothesized that the drug would
engender residual mood disturbances in the days immediately subsequent to its
consumption. This prediction was not borne out as participants did not report negative mood
states during the days following administration of either amphetamine. It is important to
note, however, that anecdotally both MDMA and methamphetamine are often taken in
multiple doses over the course of an evening and/or several days (e.g., Cho et al. 2001;
Allott and Redman 2006). Perhaps next-day mood disruptions would have been observed if
multiple drug doses were administered here.

In conclusion, this study provides additional evidence that single oral doses of
methamphetamine and MDMA produced many overlapping, prototypical stimulant effects.
Both drugs increased cardiovascular activity and ratings of stimulation and euphoria, while
they decreased food intake. The drugs did, however, produce differences on some measures.
Only methamphetamine improved cognitive performance and increased self-reported desire
to take the drug again, whereas only MDMA acutely increased “negative” subjective-effect
ratings. While it is possible that these differences may account for the differential public
perception and abuse potential associated with these amphetamines, an alternative
explanation is related to the route by which the drugs are most frequently used
recreationally. MDMA is used most often via the oral route, whereas methamphetamine is
used primarily via the intranasal, intravenous, and smoked routes, which are associated with
greater toxicity.
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Fig. 1.

nger panel (left): the administered drug plasma levels as a function of drug dose and time.
Upper panel (right): heart rate as a function of drug dose and time. Lower panels: systolic
and diastolic pressure as a function of drug dose and time. Error bars represent 1 SEM.
Overlapping error bars were omitted for clarity
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Selected subjective-effect ratings as a function of drug dose and time. Error bars represent 1
SEM. Overlapping error bars were omitted for clarity
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Le%t panels: selected objective sleep measures on day 1 (i.e., 14.25 h after drug
administration) as a function of drug dose. Right panels: selected subjective sleep measures
on day 1 (i.e., 14.25 h after drug administration) as a function of drug dose. Error bars
represent 1 SEM. *Significantly different from placebo (p<0.05). $Significantly different
from 20 mg methamphetamine (p<0.05). TSignificantly different from 40 mg
methamphetamine (p<0.05)
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Typical experimental day

Time Activity

0815 Sleep questionnaire
Cardiovascular measures
Task battery 1

0945 Drug administration

1015 Cardiovascular measures

1045 Task battery 2

1115 Cardiovascular measures

1215 Task battery 3

1245 Cardiovascular measures

1245-1415  Lunch break period

1430 Task battery 4

1515 Task battery 5

1600 Cardiovascular measures

1630 Task battery 6
Cardiovascular measures

1715-2330  Social period

2400 Lights Out

Each task battery was comprised of the cognitive/psychomotor tasks and subjective-effects questionnaires
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