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Abstract

Background—=3,4-methylenedioxymethamphetamine (MDMA, “ecstasy”) produces
“prosocial” effects, such as feelings of empathy and closeness, thought to be important to its abuse
and its value in psychotherapy. However, it is not fully understood how MDMA alters basic
emotional processes to produce these effects, or whether it produces corresponding changes in
actual social behavior. Here we examined how MDMA affects perceptions of and responses to
emotional expressions, and tested its effects on behavior during a social interaction. We also
examined whether MDMA’s prosocial effects related to a measure of abuse liability.

Methods—Over three sessions 36 healthy volunteers with previous ecstasy use received MDMA
(0.75mg/kg, 1.5mg/kg) and placebo under double-blind conditions. We measured i) mood and
cardiovascular effects, ii) perception of and psychophysiological responses to emotional
expressions iii) use of positive and negative words in a social interaction and iv) perceptions of an
interaction partner. We then tested whether these effects predicted desire to take the drug again.

Results—MDMA slowed perception of angry expressions, increased psychophysiological
responses to happy expressions, and increased positive word use and perceptions of partner
empathy and regard in a social interaction. These effects were not strongly related to desire to take
the drug again.

Conclusions—MDMA alters basic emotional processes by slowing identification of negative
emotions and increasing responses to positive emotions in others. Further, it positively affects
behavior and perceptions during actual social interaction. These effects may contribute to the
efficacy of MDMA in psychotherapy, but appear less closely related to its abuse potential.
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Introduction

+3,4-methylenedioxymethamphetamine (MDMA, “ecstasy”) is a popular recreational drug,
which in addition to typical stimulant effects, also produces unique “prosocial” effects
(broadly defined here as effects likely to promote positive social interactions), such as
feelings of closeness and empathy with others, and increased desire to socialize (Bedi et al.
2010; Harris et al. 2002; Kirkpatrick et al. in press; Liechti et al. 2001; Sumnall et al. 2006;
Vollenweider et al. 1998). Users report that these prosocial effects motivate MDMA use
(Sumnall et al. 2006; Ter Bogt and Engels 2005), and recent evidence suggests these
prosocial effects may have clinical value in psychotherapy for post-traumatic stress disorder
(PTSD; Mithoefer et al. 2011; Mithoefer et al. 2013; Oehen et al. 2013).

Despite clinical interest in MDMA, we have only limited understanding of the basic
emotional processes involved in its prosocial effects. Previous research has shown that
MDMA reduces perception of negative emotional expressions (Bedi et al. 2010; Hysek et al.
2012; Hysek et al. 2013; Hysek et al. 2014; Kirkpatrick et al. in press), and reduces
amygdala responses to angry facial expressions (Bedi et al. 2009). MDMA may also
improve recognition of positive expressions, particularly ambiguous positive expressions
(Hysek et al. 2012, although c.f. Bedi et al., 2010; Hysek et al., 2013; Kirkpatrick et al., in
press; Hysek et al. 2014), and increase striatal responses to happy expressions (Bedi et al.
2009). However, these previous studies focused primarily on emotion perception.
Psychoactive drugs may also alter responses to emotional stimuli once they are perceived,
amplifying responses to positive stimuli or blunting responses to negative ones (Gospic et al.
2008; Harmer et al. 2004; Wardle and de Wit 2012). It has been suggested that such changes
in emotional response are related to the therapeutic effects of selective serotonin reuptake
inhibitors (SSRIs; Harmer 2008). Further, it has been proposed that MDMA contributes to
therapy in part by reducing responses to negative material (Johansen and Krebs 2009), yet
its effects on responses to emotional expressions have not been examined. Thus, in the
current study we examined the effects of MDMA on both perceptions of emotional
expressions and emotional responses to these expressions.

We used a novel and sensitive measure to assess emotion perception and elicit emotional
responses. This consisted of full color video displays of dynamically developing emotional
expressions, which are more ecologically valid than the static pictures used previously with
MDMA, and more effectively activate emotional brain areas (LaBar et al. 2003; Platt et al.
2010; Walter et al. 2011). We used objective measures of electromyographic (EMG) activity
in facial muscles to assess emotional responses to these displays. Negative stimuli (including
negative faces) increase activity in the corrugator (“frown”) muscle, whereas positive
stimuli (including positive faces) decrease corrugator activity and increase zygomatic
(*smile™) muscle activity (Dimberg and Karlsson 1997; Dimberg et al. 2000; Larsen et al.
2003; Moody et al. 2007). We hypothesized that MDMA would slow perception of negative
emotions and facilitate perception of positive emotions in these dynamic displays, consistent
with previous reports using static stimuli. Further, we predicted that MDMA would decrease
negative EMG responses to negative expressions, and increase positive EMG responses to
positive expressions, indicating change in both perception and response.
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In addition to the need to better understand the basic emotional processes involved in the
putative prosocial effects of MDMA, it has also not yet been shown that MDMA produces
measureable changes in behavior and perceptions in actual (as opposed to simulated) social
interactions. Thus, we also measured use of positive and negative emotion words, and
participants’ perceptions of their partner during a semi-structured social interaction. We
predicted that MDMA would increase use of positive emotional words, and perceptions of
the interaction partner as empathic and responsive.

Last, based on user reports of the desirability of these prosocial effects, we examined on a
preliminary basis whether the prosocial effects of MDMA (broadly defined again as changes
in subjective feelings, perceptions of others, and responses to others that seem likely to
promote more positive social interactions) related to desire to use the drug again, a rough
measure of abuse liability.

Methods and Materials

Study design

Participants

The study used a three-session within-subjects design in which healthy occasional MDMA
users received placebo, 0.75mg/kg MDMA and 1.5mg/kg MDMA in counterbalanced order
under double-blind conditions. Sessions were separated by a minimum of 7 days (M = 26
days, SD = 29.58). At each session, participants completed measures of self-reported and
cardiovascular drug effects, and completed the emotional expression identification task
while psychophysiological responses were recorded. Participants also engaged in a
controlled social interaction, and rated their perceptions of that interaction. At the end of
each session, participants completed a measure of desire to take the drug again.

Healthy participants (18 male, 18 female), ages 18-35 were recruited through flyers and
online advertisements. Screening included a physical examination, electrocardiogram,
modified structured clinical interview for DSM-IV (First et al. 1996), and self-reported drug
and health history. Inclusion criteria were: self-reported ecstasy use 4-40 times with no
adverse responses; high school English fluency; body mass index >19 and <30; no regular
medication (except birth control); no medical conditions contraindicating MDMA; no past
year DSM-IV Axis | diagnosis, excluding non-treatment seeking drug abuse; no history of
stimulant drug dependence; no women who were pregnant or planning a pregnhancy; no one
smoking >25 cigarettes per week. See Table 1 for participant demographics.

Participants were instructed to refrain from alcohol and over-the-counter drugs for 24hrs
before and 12hrs after the session, from marijuana for 7 days before and 24hrs after the
session, and from all other recreational drugs for 48hrs before and 24hrs after the session.
The minimum reported time since last illicit drug use was 4 days, with only 3 participants
reporting any illicit drug use in the week preceding the session. Compliance was verified
using breath (Alcosensor I11, Intoximeters Inc., St. Louis, MO) and urine tests (ToxCup,
Branan Medical Corporation, Irvine, CA). Participants were instructed to consume normal
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amounts of caffeine and nicotine, and to fast for 2hrs prior to the session. Women not on
hormonal contraceptives were scheduled only during the follicular phase (White et al. 2002).

Participants were told that the purpose of the study was to investigate individual differences
in drug responses, and that they might receive a stimulant, a sedative, a cannabinoid, or a
placebo. All participants provided written informed consent, and all procedures were
approved by the University of Chicago Institutional Review Board.

Sessions were conducted from 9:00am to 2:00pm in a “living room” style laboratory. At
arrival, participants provided breath and urine samples for drug and pregnancy testing. At
9:15am, they completed baseline subjective and cardiovascular measures. At 9:30am
participants ingested a size 00 opaque capsule containing MDMA powder (0.75 or 1.5
mg/kg, maximum of 125mg) with lactose filler, or a placebo capsule containing only
lactose. When no measures were scheduled, participants relaxed, watched a movie from a
selection available or read. At 10:00am, subjective and cardiovascular measures were
collected. At 10:15am, psychophysiological sensors were attached. At 10:30am participants
completed subjective and cardiovascular measures and at 10:40am they began computerized
tasks including the measure of emotional expression identification and response. Tasks were
conducted in counterbalanced order from 10:40 to 11:20, at which time psychophysiological
sensors were removed. At 11:30am subjective and cardiovascular measures were collected.
At 11:50am subjects completed a semi-structured social interaction task with the research
assistant (RA), and rated their perceptions of the RA. Further subjective and cardiovascular
measures were collected at 12:30pm, 1:00pm and 1:30pm. At 2:00pm participants
completed the end of session questionnaire, and were discharged provided subjective and
cardiovascular measures had returned to baseline.

Mood was assessed using the Profile of Mood States (POMS), a 72-adjective list rated on 5-
point Likert scales from 0 (“not at all”’) to 4 (“extremely”), which contains 8 subscales. For
this study we examined the Elation and Arousal subscales, which are sensitive to stimulant
effects (Gabbay 2003; Tancer and Johanson 2007).

Cardiovascular Measures

Blood pressure and heart rate were measured using portable monitors (Life Source, A&D
Company, Tokyo, Japan). Heart rate results were similar in time course and dose-
dependence to blood pressure, so we used mean arterial pressure (MAP; [Systolic BP + 2 *
Diastolic BP]/3) as our measure of cardiovascular effects.

Subjective Effects on Social Emotions

A Visual Analog Scale (VAS) scale was used to assess specific social emotions thought to
be related to MDMA. It was comprised of 13 adjectives such as “Insightful”, “Playful”,
“Loving” and “Lonely”, each rated on a 1-100 (not at all — extremely) line. Based on Bedi et
al., (2010) we selected “Playful” and “Loving” as likely to be most sensitive to the effects of
MDMA on social emotions.
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Emotional Expression Identification and Response

To measure emotional perception and responses, we used the Dynamic Emotional
Identification Task (DEIT) adapted by our laboratory (Wardle et al. 2012) from Benton et al
(2007). Five female and 5 male actors performed angry, fearful, sad and happy expressions,
for a total of 40 sequences, which were presented in random order. Each sequence consisted
of 50 “frames” progressing from 0-100% emotional intensity at 2% steps, each presented for
an average of 250ms (within a random range of 100-400ms), producing a color video of an
emotional expression developing. Participants were instructed to “press the space bar as
soon as you know what expression is being displayed.” This ended the sequence, and
presented options of “Angry,” “Fearful,” “Sad,” and “Happy.”

Perception of expressions was quantified as the intensity (0-100%) of the face when the
participant pressed the space bar for correctly identified sequences. Accuracy was high (M =
93%, SD = 4), and not sufficiently variable for analysis. Responses to emotional expressions
were quantified as mean electromyographic activity (EMG) in the corrugator and zygomatic
muscles during the final 1s of face presentation for correctly identified sequences, minus
mean EMG of a 1s pre-picture baseline. EMG was measured using the same procedures and
equipment as previously reported with this task (Wardle et al. 2012).

Behavior and Perceptions in a Social Interaction

The semi-structured social interaction was a validated modification (Wardle et al. 2011) of
the Interpersonal Perception Task used by Janowsky (2003) to study effects of psychoactive
drugs on speech. At orientation, participants nominated three “important people in your
life.” At each session, the participant talked with the RA about one of these individuals for
5min. RAs were trained in reflective listening. We recorded and transcribed the participant’s
speech, then scored the transcriptions for percentage of positive and negative emotional
words using Linguistic Inquiry and Word Count Software (Pennebaker et al. 2007).
Participant’s perceptions of the RA were measured immediately after the interaction using a
brief Barrett-Lennard Relationship Inventory previously used to assess effects of marijuana
on interpersonal interactions (Janowsky et al. 1979). This includes six-item scales for
Regard (“S/he was truly interested in me”), Empathy (e.g. “S/he understood me”), and
Congruence (“I felt that s/he was real and genuine with me”) with each item rated on a -3
(strongly disagree) to +3 (strongly agree) scale.

Desire to Take the Drug Again

Desire to take the drug again was assessed using a single VAS “If you had the opportunity to
take this drug again, how much would you want to?” rated on a line from 0-100 (“not at all”

to “would want to very much”), administered at the end of each session. Self-reported desire
to take the drug again is a proxy of abuse liability (Griffiths et al. 2003)

Statistical Analyses

We used linear mixed effect modeling (LME) in the Ime4 package (v 0.999999-0; Bates et
al. 2011) of the R statistical computing environment (v. 2.15.2; R Development Core Team
2011) as our primary statistical approach.
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For POMS Elation, POMS Arousal, MAP, VAS Playful, and VAS Loving, we first
calculated an Area Under the Curve (AUC) score for each session relative to the
participant’s session baseline. A small number of missing time points (<8) were imputed as
the average of the two time points on either side to produce complete data. We then
conducted LME models on these AUC scores with dose as an independent (fixed) factor,
and subject as a random effect. In all analyses, dose was examined using orthogonal
polynomial contrasts, with significant linear contrasts followed up with paired t-tests
comparing each dose to placebo.

For intensity at identification, corrugator EMG and zygomatic EMG we conducted LME
models with dose, emotion displayed and stimulus sex as independent (fixed) factors and
subject and actor as random factors, following our previous strategy (Wardle et al. 2012).
Emotion effects were examined using Helmert contrasts: 1. Happy vs. all negative emotions,
2. Anger vs. other negative emotions (fear and sadness), 3. Fear vs. Sadness. EMG analyses
included grand-mean-centered intensity at display termination as a covariate, because
display intensity might influence EMG and might in turn be systematically affected by drug.

For percentage of emotional words we conducted an LME with word type (positive vs.
negative) and dose as fixed factors and subject as a random factor. For ratings of Regard,
Empathy and Congruence we conducted LME models with drug as a fixed factor and
subject as a random factor.

In all models, we tested effects of participant sex and session order. For simplicity these
were only included in final models when significant effects were observed. For all models,
effect sizes are reported as unstandardized coefficients (B) with standard errors (SE). We
calculated p-values using the t distribution with n-1 degrees of freedom (see Wardle et al.
2012 for rationale).

On an exploratory basis, we examined how MDMA'’s social effects related to desire to take
the drug again. To estimate the effects of MDMA on our social variables (our predictors of
interest), on POMS Elation, POMS Arousal and MAP (which we used to examine the
general sensitivity to the drug) and on Desire to Take Again (our dependent variable) for
each participant, we conducted individual linear regressions on each participant’s data and
extracted the non-standardized estimates of the linear drug effect on each variable of interest
(if the effect took the form of an interaction, we used the estimate of the interaction). We
first entered these per-participant estimates of MDMA'’s social and typical stimulant effects
into individual linear regressions to see whether any of these predicted desire to take the
drug again. Then we entered any individually significant effects simultaneously into a linear
regression predicting desire to take the drug again, to examine whether the social of MDMA
contributed uniquely to desire to take the drug again above and beyond its typical stimulant
effects.

Psychopharmacology (Berl). Author manuscript; available in PMC 2015 October 01.
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Mood, Subjective and Cardiovascular Drug Effects

POMS—MDMA (1.5mg/kg and 0.75 mg/kg) increased both Elation and Arousal (linear
drug effect on Elation: B = 422.5, SE = 159.3, t(35) = 2.65, p = 0.01; linear drug effect on
Arousal: B=1636.0, SE = 404.9, t(35) = 4.04, p < 0.001). The effect of MDMA on Arousal
was slightly stronger in women, although significant in both sexes (linear drug x sex
interaction: B = -1678.8, SE = 809.9, t(35) = 2.07, p = 0.05). Results for Elation are shown
in Panel A of Fig 1. Results for Arousal were similar in dose dependence and time course.

Cardiovascular—As shown in Panel B of Fig. 1, MDMA (1.5mg/kg and 0.75mg/kg)
increased mean arterial pressure (linear drug effect on MAP: B = 3467.1, SE = 344.2, t(35)
=10.07, p < 0.001).

Social Variables

Subjective Social Emotions—MDMA (1.5mg/kg and 0.75mg/kg) increased VAS
scores for Loving, and marginally increased scores for Playful, linear drug effect on Loving:
B =3079.8, SE = 1001.8, t(35) = 3.07, p = 0.004; linear drug effect on Playful: B = 1948.5,
SE =1196.2, t(35) = 1.63, p = 0.10. Results for Loving are shown in Panel C of Fig. 1.
Results for Playful were similar in dose dependence and time course.

Emotional Expression Identification and Responses—*Four participants did not
correctly complete the DEIT, waiting until the end of every sequence to identify the
emotion. Their data were excluded, leaving n = 32 for the intensity analyses. There was a
significant effect of session, such that participants identified emotions more quickly across
sessions, so the session covariate was included. There were no effects of subject or stimulus
sex. As shown in Fig. 2, MDMA (1.5mg/kg) increased the intensity required to identify
anger compared to other negative emotions; linear effect of drug x anger vs. other negative
emotions: B = 2.83, SE = 1.16, t(31) = 2.44, p = 0.03. Importantly, anger was not the most
difficult to identify, as intensity at identification for anger was lower than for other negative
emotions (B =-5.03, SE = 0.49, t[31] = 10.36, p < 0.001). MDMA did not affect
identification of any other emotions.

Corrugator and zygomatic responses were lost for 5 participants due to contamination from
jaw clenching, a known MDMA side effect. One participant’s corrugator data was lost due
to technical difficulties, and one outlier on zygomatic activity (+3 SD from the mean on
zygomatic responses at 1.5mg/kg MDMA) was removed, leaving 30 participants in each
EMG analysis.

Corrugator activity decreased across sessions, so the session covariate was included.
MDMA (1.5mg/kg) decreased corrugator activity to happy faces relative to negative faces,
indicative of more positive responses to happy faces while on the drug, linear drug effect x
emotion interaction: B =-0.76, SE = 0.35, t(29) = 2.20, p = 0.04. Further, this effect was
moderated by participant sex, such that it was primarily evident in female participants, sex x
linear drug x emotion interaction: B = 1.92, SE = 0.69, t(29) = 2.78, p = 0.009. Fig. 3 shows
corrugator results for males and females by drug and emotion condition.
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Wardle and de Wit

Page 8

Zygomatic activity decreased across sessions, so the session covariate was included. MDMA
(1.5mg/kg) increased zygomatic responses to happy expressions relative to negative
expressions, indicative of more positive responses to happy expressions while on the drug,
linear drug x emotion contrast interaction: B = 0.82, SE = 0.32, t(29) = 2.58, p = 0.02.
Participant sex did not moderate zygomatic responses. Fig. 4 shows zygomatic results by
drug and emotion condition.

Behavior and Perceptions in a Social Interaction—One individual had incomplete
word count data, leaving 35 participants. As shown in Fig. 5, MDMA (0.75mg/kg and
1.5mg/kg) increased use of positive emotion words, without affecting negative emotion
words, linear effect of drug x word type interaction: B = 0.66, SE = 0.32, t(34) = 2.08, p =
0.05.

MDMA (1.5 mg/kg) marginally increased ratings of perceived Regard during the social
interaction, and slightly but significantly increased ratings of Empathy; Regard linear drug
effect: B = 0.18, SE = 0.10, t(35) = 1.82, p = 0.08; Empathy linear drug effect: B = 0.18, SE
=0.09, t(34) = 2.06, p = 0.05. Follow up t-tests indicated a significant effect of 1.5mg/kg
MDMA vs. placebo on Regard (t[35] = 2.04, p = 0.05, Panel A of Fig 6), and a marginal
effect on Empathy (t[35] = 1.91, p = 0.07, Panel B of Fig. 6). There was no significant effect
on Congruence.

Contribution of Social Effects to Desire to Take the Drug Again

MDMA significantly increased desire to take the drug again, linear drug effect B = 28.88,
SE = 6.81, t(35) = 4.24, p < 0.001. Column 2 of Table 2 shows the individual linear
regressions, with only VAS Playful and POMS Elation predicting desire to take the drug
again. When these were jointly entered into a regression, the overall regression was
significant, F(2, 33) = 3.80, p = 0.03, but not the individual beta weights (column 3 of Table
2), suggesting the explanatory power of these variables overlapped.

Discussion

MDMA altered basic processes of emotional perception and response, increasing the
intensity required to perceive angry expressions, and increasing positive
psychophysiological responses to happy expressions, especially in women. It also impacted
behavior and perceptions in an actual social interaction, increasing use of positive emotion
words and perceptions of empathy and regard in an interaction partner. Exploratory analyses
suggested that these “prosocial” effects were not closely related to desire to take the drug
again, a rough index of abuse potential.

Our results extend previous findings, suggesting that MDMA not only affects emotion
perception, but also impacts responses to emotional stimuli once they are perceived.
Consistent with previous reports that MDMA reduces amygdala responsiveness to angry
expressions and identification of anger (Bedi et al. 2009; Hysek et al. 2013; Kirkpatrick et
al. in press), we found that MDMA slowed perception of anger. The drug did not reduce
perception of fear as it did in other reports (Bedi et al. 2010; Hysek et al. 2013; Hysek et al.
2014; Kirkpatrick et al. in press), perhaps due to differences in stimuli (black and white
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static pictures vs. full color videos). MDMA also did not facilitate perception of happiness,
consistent with some previous reports (Bedi et al. 2010; Hysek et al. 2013; Hysek et al.
2014; Kirkpatrick et al. in press), but not others (Hysek et al. 2012; of note, this study used
more ambiguous positive expressions than the others). However, on our EMG measures of
emotional response, MDMA increased positive responses to happiness, especially in
women. This is consistent with previous research showing that MDMA enhances ventral
striatal activity to happy expressions (Bedi et al. 2009).

These findings suggest that MDMA has distinct effects on basic emotional processing
compared to related drugs, including other stimulants and drugs impacting serotonergic
functioning. Amphetamine, a stimulant with a similar chemical structure, increases
responses to positive emotional stimuli, similar to MDMA (Wardle and de Wit 2012), but
rather than decreasing perception of negative emotions, it instead facilitated detection of all
emotions (Wardle et al. 2012). Similarly, methylphenidate, another stimulant, facilitated
identification of negative faces rather than hampering their identification as MDMA does
(Hysek et al. 2014). Pharmacological differences may account for these distinctions,
including a stronger serotonergic effect of MDMA compared to other stimulants (Liechti
and Vollenweider 2001). However, MDMA also has divergent effects from SSRIs, which
acutely increase serotonin levels (Harmer 2008; Liechti and Vollenweider 2001). SSRIs
increase perception and responses to both positive and negative stimuli (Harmer 2008), in
contrast to MDMA’s reduction of negative perceptions and amplification of positive
responses. In summary, MDMA appears to have a distinct profile of effects on basic
emotional processes, which may in turn allow it a unique niche in treatment of psychological
disorders.

We also observed for the first time pro-social effects of MDMA on behavior and perceptions
in an actual face-to-face social interaction (as opposed to simulated or pencil-and-paper
mediated interactions; Frye et al. 2014; Hysek et al. 2013). We showed that MDMA
increased use of positive emotion words in a real-time verbal interaction. Although a
previous study found that MDMA did not increase observer-ratings of happiness or
sociability during interactions (Marrone et al. 2010), we detected an increase in positive
language using the more sensitive method of transcribing and scoring speech with a
validated dictionary. MDMA also slightly increased participants’ perceptions of empathy
and regard in their interaction partner; consistent with suggestions that MDMA improves
therapist-client alliance (Bouso et al. 2008; Johansen and Krebs 2009; Mithoefer et al.
2011). This finding is distinct from previous studies on “empathogenic” effects of MDMA,
which have shown that MDMA increases the extent to which participants “feel for” a person
depicted in an emotionally charged situation (Hysek et al. 2013). Here, we examined the
effects of MDMA on perceptions of an interaction partner, and found that MDMA also
changes the extent to which individuals perceive themselves as “felt for” or “understood” by
someone else. To our knowledge this is the first time such an effect has been demonstrated
in a placebo-controlled double-blind study. However, our interaction task differed in
important ways from therapy, including overall positive content, in contrast to most
therapeutic interactions, and very brief duration. Additionally, our participants were
carefully screened for psychiatric disorders, which might alter the effects of MDMA. For
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example, individuals with depression appear to derive stronger effects from d-amphetamine,
a related stimulant (Tremblay et al. 2005). Thus, it remains to be determined whether the
MDMA effects observed here generalize to therapy in individuals with psychiatric disorders.

Finally, we examined on a preliminary basis the relationship between social effects of
MDMA and participants’ desire to take the drug again. Although MDMA users report that
they use the drug for its social effects, we did not see strong evidence for this here. The only
social effect that related to desire to take the drug again was self-reported playfulness, and
this mostly overlapped with the typical stimulant effect of increased overall positive mood.

Limitations include the relatively small and homogeneous sample. Screening out DSM-1V
disorders and heavy drug use may limit generalizability and our ability to detect abuse
liability. For example, individuals with social anxiety, who are at risk for MDMA use (Lieb
et al. 2002; Soar et al. 2006), may experience the social effects of MDMA as particularly
beneficial. Thus, in at risk populations, the social effects of MDMA might produce greater
abuse liability. Conversely, all of our participants had some previous use of MDMA, and
were moderate recreational drug users, which might limit generalizability to effects of
MDMA in a naive population (e.g. in psychotherapy). However, similar effects on
perception of emotion have been found in MDMA-naive participants in other studies (Hysek
etal. 2012; Hysek et al. 2013; Hysek et al. 2014). Second, some effects of this highly
“social” drug may not be as detectable or desirable in the relatively isolated circumstances
of the current study. It has been shown that other drugs produce different effects in isolated
and social contexts (Kirkpatrick and de Wit 2013), so this may also be the case with
MDMA. Third, our measure of abuse potential was a single self-report item. More detailed
assessments including choice paradigms, monetary valuation or assessments of actual use
might produce different results (Griffiths et al. 2003).

In conclusion, MDMA alters emotional processing in ways that may encourage social
interaction, and produces “prosocial” behavior and perceptions during actual social
interactions. These effects may contribute to both recreational use of MDMA, and the
efficacy of MDMA as a psychotherapy adjunct. We hope a better understanding of the form
of these effects and their relationship to abuse potential will contribute to prevention and
treatment of MDMA use and abuse, and efforts to adapt this drug for treatment of PTSD and
other psychiatric conditions.
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Task Task

MDMA dose dependently increased self-reports of Elation on the Profile of Mood States
(POMS; Panel A), mean arterial pressure (MAP; Panel B) and self-reports of the social
emotion “Loving” on a visual analog scale (VAS; Panel C). Subjective and cardiovascular
effects of MDMA were significantly evident both before and after the emotional expression
task and the social interaction task.
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Figure 2.
MDMA (1.5mg/kg) increased the intensity required for identification (ID) of angry facial

expressions, without affecting identification (ID) of other emotions.
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* p = 0.02 difference from placebo

MDMA (1.5mg/kg) reduced corrugator (“frown”) muscle activity to happy facial
expressions, indicative of more positive responses to happy expressions. This effect was
evident in female participants only (significant drug x expression x sex interaction).
Negative expressions are collapsed across, as MDMA had no differential effects on specific

negative emotional expressions.
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Figure4.
MDMA (1.5mg/kg) increased zygomatic (“smile™) muscle activity to happy facial

expressions, indicative of more positive responses to happy expressions. Negative
expressions are collapsed across, as MDMA had no differential effects on specific negative
emotional expressions.
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MDMA (0.75mg/kg and 1.5mg/kg) increased the percentage of positive emotional words
that participants used in a semi-structured 5min. interaction, without affecting percentage of
negative words used.
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Figure6.
MDMA (1.5mg/kg) increased participants’ perceptions of regard in their interaction partner

(Panel A), and marginally increased participants’ perceptions of empathy in their interaction
partner (Panel B).
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Table 1

Demographic and Substance Use Characteristics.

n(%) or M(SD), Total N = 36

Demographic Variables
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Sex (Male/Female)
Ethnicity

Race

Age

Education in years

Current Substance Use

Typical alcoholic drinks/week

Smoking at all in past month

Lifetime Occasions Recreational Use

MDMA
Cannabis 1-10x

11-50x etc

Tranquilizers

Stimulants

Opiates

Hallucinogens

Other Drugs

18/18 (50%/50%)

29 (81%) Non-Hispanic

24 (67%) Caucasian

4 (11%) African-American
1 (3%) Asian

7 (19%) Other/Mixed Race
24.6 (4.7)

15.1 (1.5)

9.9 (10.6)
8 (22%)

10.2 (8.2)

5 (14%)

3 (8%)

5 (14%) 51-100x
23 (64%) > 100x
21 (58%) never
11 (31%) 1-10x
4 (11%) 11-50x
7 (19%) never
14 (39%) 1-10x
11 (31%) 11-50x
2 (6%) 51-100x
2 (6%) >100x
17 (47%) never
14 (39%) 1-10x
4 (11%) 11-50x
1 (3%) >100x

2 (6%) never

24 (67%) 1-10x
9 (25%) 11-50x
1 (3%) 51-100x
26 (72%) never
6 (17%) 1-10x

3 (8%) 11-50x

1 (3%) 51-100x
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Table 2

Linear regressions examining the extent to which each effect of MDMA predicts desire to take the drug again.
Only effects that were significant individually were entered into the simultaneous regression.

Effect of MDMA Standar dized beta and p entered individually — Standardized beta and p entered simultaneously
Mood
POMS Arousal b=-0.19,p=.27
POMS Elation b=0.36, p=.03* b=0.26,p=.14
Cardiovascular
MAP b=-0.24,p=.82
Social Variables
VAS Loving b=0.28,p=.10
VAS Playful b=0.38, p=.02" b=0.24,p=18

Identification of Anger b=-0.02,p=.93
CR response to Happiness b =0.33, p=.07
ZG response to Happiness b =-0.06, p=.74
Use of Positive Words b=-0.11, p=.55
Perceptions of Regard b=0.27,p=13
Perceptions of Empathy b=0.06, p=.75

*
p<0.05
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