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‘Ecstasy’ as a social drug: MDMA preferentially affects
responses to emotional stimuli with social content

Margaret C. Wardle, Matthew G. Kirkpatrick, and Harriet de Wit
Department of Psychiatry and Behavioral Neuroscience, University of Chicago, Chicago, IL 60637, USA

3,4-Methylenedioxymethamphetamine (MDMA, ‘ecstasy’) is used recreationally to improve mood and sociability, and has generated clinical interest as a
possible adjunct to psychotherapy. One way that MDMA may produce positive ‘prosocial’ effects is by changing responses to emotional stimuli,
especially stimuli with social content. Here, we examined for the first time how MDMA affects subjective responses to positive, negative and neutral
emotional pictures with and without social content. We hypothesized that MDMA would dose-dependently increase reactivity to positive emotional
stimuli and dampen reactivity to negative stimuli, and that these effects would be most pronounced for pictures with people in them. The data were
obtained from two studies using similar designs with healthy occasional MDMA users (total N=101). During each session, participants received MDMA
(0, 0.75 and 1.5 mg/kg oral), and then rated their positive and negative responses to standardized positive, negative and neutral pictures with and
without social content. MDMA increased positive ratings of positive social pictures, but reduced positive ratings of non-social positive pictures. We
speculate this ‘socially selective’ effect contributes to the prosocial effects of MDMA by increasing the comparative value of social contact and

closeness with others. This effect may also contribute to its attractiveness to recreational users.
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INTRODUCTION

The amphetamine analog 3,4-methylenedioxymethamphetamine
(MDMA, ‘ecstasy’) is often used recreationally in social settings, re-
portedly because it enhances mood, and uniquely increases feelings of
sociability and connectedness with others (Bravo, 2001; Ter Bogt and
Engels, 2005; Sumnall et al., 2006). MDMA is a potent releaser of the
monoamine neurotransmitters norepinephrine, serotonin and dopa-
mine, which are involved in physiological arousal, mood regulation
and drug reinforcement. There is also evidence that MDMA releases
oxytocin, a neuropeptide involved in affiliative behaviors (Dumont
et al., 2009; Hysek et al., 2012a, in press). It has been proposed that
this increase in oxytocin mediates the effects of MDMA on prosocial
behavior in rats and subjective feelings of sociability in humans
(Thompson et al., 2007; Dumont ef al., 2009). Although the ‘prosocial’
effects of MDMA appear to contribute to both its recreational use and
abuse potential (Ter Bogt and Engels, 2005; McGregor et al., 2008),
comparatively little is known about which basic emotional processes
the drug alters to produce these effects. MDMA may produce ‘proso-
cial’ effects in several ways: by directly producing positive and proso-
cial subjective states, by altering responses to stimuli encountered
under the influence of the drug (e.g. enhancing responses to positive
stimuli and dampening responses to negative stimuli) or by affecting
responses to social stimuli in particular. A better understanding of
these effects could help researchers understand why MDMA is used,
and how it alters behavior. Here, we examined the effects of MDMA or
placebo on a measure of emotional reactivity to social compared to
non-social stimuli, to examine whether the effects of MDMA are spe-
cific to social stimuli.
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Controlled, double-blind studies show that MDMA alters subjective
mood states as well as emotional and social processing. The drug dose-
dependently increases euphoria, positive mood states and feelings of
sociability (Tancer and Johanson, 2001; Harris et al., 2002; Bedi et al.,
2010; Hysek et al., 2012a, 2013; Kirkpatrick et al, 2012). MDMA im-
proves recognition of positive mental states, such as friendliness in
others (Hysek et al., 2012a), and increases the degree of arousal re-
ported in response to pictures of people in positive emotional situ-
ations (Hysek et al.,, 2013). Conversely, MDMA impairs recognition of
negative states such as expressions of anger or fear (Bedi et al., 2010;
Hysek et al., 2012a). Brain imaging reveals similar modifications in
neural responses to emotional expressions, with MDMA (1.5 mg/kg)
increasing ventral striatum response to happy facial expressions and
decreasing amygdala response to angry facial expressions (Bedi et al,
2009). However, these previous studies do not provide evidence to
determine whether MDMA changes responses to positive and negative
emotional stimuli in general, or whether its effects are specific to social
stimuli. This is the question addressed here.

We investigated the effects of oral MDMA (0, 0.75 and 1.5 mg/kg)
on reactivity to emotionally positive, negative and neutral pictures
with or without social content, in occasional MDMA users
(N=101). We hypothesized that the drug would dose-dependently
increase reactivity to positive emotional stimuli and dampen reactivity
to negative stimuli, and that this effect would be greater for social
pictures compared with non-social pictures.

MATERIALS AND METHODS

Study design

We pooled data from two studies using similar within-subjects,
double-blind designs with only minor methodological differences.
Occasional MDMA users attended three (Study 1) or four outpatient
sessions (Study 2), separated by at least 5days. In Study 1, they
received placebo, 0.75 and 1.5mg/kg MDMA, and in Study 2, they
received placebo, 0.75 and 1.5mg/kg MDMA and one of two doses
of oxytocin (20 or 40 IU; not reported here). Drug doses were admin-
istered at one session each, with no drugs co-administered. In both
studies, drug doses were counterbalanced relative to session order, and
drug sequences were assigned randomly to participants. At each
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session, we collected measures of subjective effects, cardiovascular ef-
fects and responses to emotional pictures. The measures reported here
were the only measures shared between the two studies; thus, add-
itional results from these studies are published separately elsewhere
(Kirkpatrick ef al., in press; M. C. Wardle and H. de Wit, submitted
for publication). In both studies, the pictures were presented as part of
a block of tests given during expected peak effect, along with additional
measures testing responses to social stimuli only (e.g. identification of
emotional expressions). The picture task was the only measure to dir-
ectly compare social to non-social stimuli. Task order was counter-
balanced in both studies to minimize any order effects.

Participants

Healthy participants (58 male, 43 female), ages 18-35 were recruited
through flyers and online advertisements. Participants completed a 2 h
in-person psychiatric and medical evaluation, including physical exam-
ination, electrocardiogram, modified structured clinical interview for
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-1V; First et al., 1996) and self-reported drug and health history.
Inclusion criteria were 4-40 times self-reported ecstasy use with no
adverse responses; high-school education; 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 T diagnosis, excluding non-treatment-seeking substance abuse;
no history of stimulant dependence; no women who were pregnant
or planning a pregnancy. Smokers smoking more than 25 cigarettes per
week were also excluded, to avoid nicotine withdrawal during study
procedures. Participants were primarily Caucasian (n=85, 84%), in
their 20 s (mean = 24.1 years, s.d. =4.2), with some college education
(mean = 14.8 years, s.d.=1.4) and moderate recreational drug use
(Table 1).

Participants were instructed to consume normal amounts of caffeine
and nicotine, and to fast for 2 h before the session. Participants were
instructed to refrain from alcohol and over-the-counter drugs for 24 h
before and 12h after the session. Participants were also instructed to
refrain from marijuana for 7 days before and 24 h after the session, and
from all other recreational drugs for 48h before and 24h after the
session. Compliance was verified using breath (Alcosensor III,
Intoximeters Inc., St. Louis, MO, USA) and urine tests (ToxCup,
Branan Medical Corporation, Irvine, CA, USA). Although these were
the minimum requirements for compliance, typical abstention times
for recreational drugs were longer. Seventy three percent of partici-
pants reported no illicit drug use in the last month, and among those
who did report last month use, mean time since last use was 12 days.
Women not using hormonal contraceptives were scheduled during the
follicular phase (White et al., 2002). Female participants were tested for
pregnancy prior to each session.

During the consent procedure, participants were told that the pur-
pose of the study was to investigate individual differences in drug
responses, and that they might receive a stimulant (e.g. amphetamine

Table 1 Demographics (N =101; female = 43, male = 58)

Mean (s.d.)
BMI 233 (2.8)
MDMA use (lifetime) 13.3 (10.5)
Current drug use
Alcohol (drinks/week: N =92) 10.6 (8.5)
Caffeine (cups/day: N=77) 1.9 (1.5)
Marijuana (days/month: N =78) 10.2 (11.4)
Tobacco (cigarettes/day: N = 47) 5.0 (4.6)
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or ecstasy), a sedative (e.g. valium), a hallucinogen (e.g. LSD), a can-
nabinoid (e.g. marijuana) or a placebo. In Study 2 only, participants
were also told they might receive a hormone (e.g. oxytocin).
Participants agreed to receive any drug from the list, and all sessions
were conducted double blind, with neither the experimenter nor
the participant informed about the contents of the capsule in
advance. This blind was maintained until the debriefing, at which
point participants were told which drugs and doses they had received.
All participants provided written informed consent, and all pro-
cedures were carried out in accordance with the Declaration of
Helsinki and approved by the University of Chicago Institutional
Review Board.

Procedure

Sessions were conducted from 9:00am to 2:00 pm in a comfortable
‘living room’ style laboratory. At arrival, participants provided
breath and urine samples for drug and pregnancy testing, and at
9:15am, they completed baseline measures of subjective and cardio-
vascular effects. At 9:30 am, participants ingested a capsule containing
MDMA powder (0.75 and 1.5 mg/kg, maximum dose of 125 mg, with
lactose filler) or placebo (lactose only), encapsulated in 00 opaque
capsules by the University of Chicago Hospitals Investigational
Pharmacy. When no measures were scheduled, participants relaxed,
watched a movie from a selection available or read. At 10:00 am and
every 30-60 min thereafter, subjective and cardiovascular effects were
assessed. From 10:40am to 11:30 am, participants completed compu-
terized tasks including picture ratings. At 2:00 pm, participants com-
pleted an end of session questionnaire, which asked the participant to
identify the drug that they had received that day. Participants were
then discharged provided their subjective and cardiovascular measures
had returned to baseline.

Subjective mood

To measure subjective mood, we used a Visual Analog Scale (VAS)
comprised of 13 adjectives rated on a 1-100 (not at all-extremely) line.
This included two ‘entactogenic’ effects, ‘playful’ and ‘loving’ which
Bedi et al. (2010) found to be sensitive to the unique effects of MDMA
on social emotions, and two typical stimulant-like effects ‘elated” and
‘stimulated’.

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 dose dependence and time course to blood pressure, so we
use mean arterial pressure (MAP; [Systolic BP + 2 x Diastolic BP]/3)
as our measure of cardiovascular effects of the drug.

Responses to emotional stimuli

We used pictures from the International Affective Picture System
(IAPS; Lang et al., 1999) as emotional stimuli. IAPS pictures are nor-
matively rated on valence (positivity vs negativity) and arousal.
Although TAPS pictures are not normatively rated for social relevance,
based on previous research (Cacioppo et al., 2009; Gros et al., 2009) we
defined ‘social’ pictures as those depicting at least two people or parts
of people (e.g. two people talking, a hand pointing a gun at another
person), and ‘non-social’ pictures as those depicting no people or parts
of people (e.g. a slice of pizza, a car accident with no bodies visible).
Thus, there were six subtypes: social/negative, non-social/negative,
social/neutral, non-social/neutral, social/ positive and non-social/
positive. To avoid adaptation, at each session the participant saw a
different set of pictures. We constructed 3 sets of 54 pictures for Study
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1, with 9 pictures per subtype per set, and 4 sets of 36 pictures for
Study 2, with 6 pictures per subtype per set'. We attempted to match
valence and arousal across sets and social vs non-social pictures, using
the normative ratings provided with the IAPS pictures (Lang et al,
1999). We counterbalanced picture set with drug dose, such that each
picture set was paired approximately the same number of times with
each drug dose. Pictures were presented in fixed random order, with
no more than two of the same valence in a row. Picture trials consisted
of a 3s pre-picture fixation, a 6s picture period, then subjective rat-
ings. Participants rated pictures using the evaluative space grid (Larsen
et al., 2009), which allows independent 0 (not at all) to 4 (extreme)
ratings of positivity and negativity, and a 0 (not at all) to 9 (extreme)
rating of arousal.

Drug identifications

At the end of each session, we asked participants to identify the class of
drug that they thought they had received that day as ‘1. a stimulant
(e.g. amphetamine or ecstasy), 2. A hallucinogen (e.g. LSD), 3. A seda-
tive (e.g. Valium), 4. A cannabinoid (e.g. marijuana), or 5. A placebo’.

Statistical analyses

We used linear mixed effect models (LMEMs) in the lme4 package
(v 0.999999-0; Bates et al., 2011) of the R statistical computing envir-
onment (v. 2.15.2; R Development Core Team, 2011) as our primary
statistical approach.

For subjective and cardiovascular measures, which were taken re-
peatedly across sessions, we first summarized each session by calculat-
ing area under the curve (AUC) relative to the participant’s baseline
score for that session. We then used the AUC scores in LMEMs (one
each for VAS playful, VAS loving, VAS elated, VAS stimulated and
MAP) with dose as an independent (fixed) factor, and participant as a
random effect.

For response to emotional stimuli we constructed mean ratings of
arousal, positivity and negativity for each picture subtype within each
session. We then used these means in LMEMs (one each for arousal,
positivity and negativity) using dose, valence of picture and social

" Picture sets for Study 1 were the same as in Wardle and de Wit (2012), and can be found in the footnote on
p. 143 of that article. IAPS numbers for each subset of Study 2, followed by IAPS normative mean valence
(V, 1=extremely unpleasant — 9 = extremely pleasant) and mean arousal (4, 1= extremely unarousing
— 9 =extremely arousing):

Set 1 non-social/negative =7380, 9911, 9180, 9373, 1280, 7360, V=3.06, A=5.29; Set 1 social/
negative = 9425, 9903, 6561, 9584, 2694, 9926, V=3.15, A=5.24;

Set 1 non-social/neutral = 7830, 7190, 7285, 7207, 1935, 7055, V=15.23, A=3.77;

Set 1 social/neutral = 7620, 2580, 9700, 2595, 2397, 2597, V/=5.28, A=3.58;

Set 1 non-social/positive = 1640, 7352, 5450, 7480, 5700, 5260, V=6.90, A =5.26;

Set 1 social/positive = 4606, 8467, 3291, 8116, 8420, 2216, VV=7.03, A=537;

Set 2 non-social/negative = 9560, 9301, 1274, 1111, 1220, 9008, V=296, A=5.23;

Set 2 social/negative = 9420, 2053, 3216, 6562, 6836, 2718, V=3.06, A ="5.22;

Set 2 non-social/neutral = 7500, 1616, 5661, 9472, 7546, 7054, V=5.02, A=3.89;

Set 2 social/neutral = 8010, 4605, 2485, 2393, 2606, 2593, /=538, A=3.81;

Set 2 non-social/positive = 1660, 7289, 8500, 7508, 5480, 8502, V=16.97, A=5.28;

Set 2 social/positive = 8600, 4598, 4601, 4599, 7502, 8496, V/=7.00, A=5.38;

Set 3 non-social/negative = 9300, 9620, 9290, 9471, 9110, 9480, V=3.05, A=5.09;

Set 3 social/negative = 6212, 6022, 2700, 2455, 9045, 9594, V=3.00, A =5.07;

Set 3 non-social/neutral = 7100, 5120, 7590, 7183, 7037, 7242, V =5.01, A=3.51;

Set 3 social/neutral = 2850, 9582, 2695, 9913, 2579, 2396, V=4.71, A= 4.06;

Set 3 non-social/positive = 7284, 7481, 8162, 5849, 8170, 5660, V=6.87, A="5.01;

Set 3 social/positive = 2358, 2605, 2344, 4624, 2352, 8499, V/ =6.88, A=4.95;

Set 4 non-social/negative = 9140, 9320, 9470, 9621, 9010, 9390, V=3.12, A=4.90; Set 4 social/
negative = 9421, 6838, 2691, 4621, 4635, 2312, V=3.07, A=4.97;

Set 4 non-social/neutral = 5510, 7233, 7283, 7182, 5395, 1947, V=535, A=3.67;

Set 4 social/neutral = 4000, 7496, 2272, 2435, 2704, 7506, VV=5.21, A=434;

Set 4 non-social/positive = 7450, 5991, 7410, 8531, 5600, 7270, VV=7.00, A=5.00;

Set 4 social/positive = 4625, 2594, 4650, 2373, 2345, 4626, V =6.90, A =5.04
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content of picture as independent (fixed) factors and participant and
dose within participant as random effects.

In all analyses we examined any dose effects using orthogonal poly-
nomial contrasts, which constituted our primary analyses of interest.
We tested for both linear effects of drug (which would suggest a dose-
dependent relationship between dose and outcome), and quadratic
effects (which would suggest a U shaped relationship between dose
and outcome). If a significant effect of drug was identified, we then
used paired t-tests comparing each dose to placebo to further describe
the effect and identify the effective doses. We also included participant
sex and study (Study 1 vs Study 2) as potential moderators. We add-
itionally examined number of self-reported previous occasions of ec-
stasy use as a potential continuous moderator, but it did not affect any
of the outcomes in this study, and is omitted from the final models for
simplicity. Finally, we included a fixed session effect, to account for any
order effects. Effect sizes are reported as unstandardized coefficients
(B) with standard errors (s.e.). We calculated P-values using the ¢
distribution with n—1 degrees of freedom (see Wardle and de Wit,
2012 for rationale).

RESULTS
Subjective and cardiovascular drug effects

MDMA (0.75 and 1.5mg/kg) significantly and dose-dependently
increased self-reports of playfulness, lovingness, elated and stimulated,
linear drug effect on playfulness B=2696.9, s.e. = 682.1, #(98) =3.95,
P<0.001, linear drug effect on loving B=3311.89, s.e.=572.75,
#(98) =5.78, P<0.001, linear drug effect on elated B=5125.84,
s.e.=301.00, t=8.22, P<0.001, linear drug effect on stimulated
B=7088.3, s.e.=575.9, t=12.31, P<0.001. Participants in Study 2
had overall higher loving and elated scores [B=1000.31, s.e. =492.5,
#98) =2.03, P=0.05, and B=1196.5, s.e.—604.9, #98)=1.98,
P=0.05, respectively], but effects of MDMA did not differ across
studies in the AUC analysis (which accounts for baseline levels of
loving and elated). Sex did not moderate the subjective effects of
MDMA. MDMA (0.75 and 1.5 mg/kg) also significantly and dose-de-
pendently increased MAP, B=3240.0, s.e.=230.3, #98)=14.07,
P<0.001. MDMA increased MAP to a greater extent in Study 2 vs
Study 1, linear drug effect x study interaction B=—1226.98,
s.e.=459.4, 1(98) =2.67, P=0.008. Sex did not moderate the effects
of MDMA on blood pressure.

Responses to pictures

MDMA differentially affected positivity ratings of the pictures, de-
pending on picture sociability and valence, linear drug x linear va-
lence x social content interaction B=0.35, s.e.=0.15, #98)=2.37,
P=0.02. Follow-up t-tests showed that 1.5 mg/kg MDMA significantly
increased the positivity of positive social pictures [#(98) = —2.46,
P=0.02], while 0.75mg/kg MDMA significantly [#(98) =2.66,
P=0.009], and 1.5mg/kg MDMA marginally [#98) =1.66, P=0.10]
decreased the positivity of positive non-social pictures. This effect of
MDMA on positivity ratings is shown in Figure 1. MDMA did not
significantly affect arousal or negativity for any type of picture. There
were no differences between studies in arousal, negativity or positivity,
or in the effect of drug on those scores, and there were no sex
differences.

Drug identifications

A majority of participants correctly identified MDMA as a stimulant.
At the placebo dose, 51% identified it as a placebo, 7% identified it as a
stimulant and 42% identified it as one of the other drugs listed. At the
0.75 mg/kg dose, 8% identified it as a placebo, 62% identified it as a
stimulant and 30% identified it as one of the other drugs listed. At the
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* significant (p < 0.05) difference from placebo
+ marginal (p < 0.10) difference from placebo

Fig. 1 MDMA (1.5mg/kg) significantly increased ratings of positivity for positive pictures with social content, while 0.75 mg/kg MDMA significantly, and 1.5 mg/kg MDMA marginally decreased ratings of

positivity for positive pictures without social content. *P < 0.05, significant, +P = 0.10, marginal.

1.5 mg/kg dose, 6% identified it as a placebo, 75% identified it as a
stimulant and 19% identified it as one of the other drugs listed.

DISCUSSION

MDMA increased positive responses to pleasant pictures with social
content, while decreasing positive responses to pleasant pictures with-
out social content. This suggests a ‘socially selective’ effect whereby the
drug enhances social rewards while devaluing non-social ones. The
MDMA doses used also produced typical changes in both subjective
and cardiovascular measures, including increased positive and proso-
cial feelings, and increased blood pressure, indicates our doses were
effective in producing the typically reported subjective effects of
MDMA. Unsurprisingly, given the strong and relatively identifiable
subjective effects of MDMA, most participants correctly identified it,
especially at the high dose, as a stimulant drug.

These findings of increased positive responses to pleasant pictures
with social content are consistent with the idea that MDMA increases
positive responses to social stimuli. In rats, MDMA increases social
behavior, particularly passive physical contact or ‘adjacent lying’
(Morley and McGregor, 2000; Morley et al., 2005; Thompson et al.,
2007, 2009; Ramos et al., 2013). The drug also appears to enhance the
incentive value of social experiences. MDMA treated rats in social
conditions show increased activation in reward-related brain areas
compared to either placebo treated rats in social conditions or
MDMA treated rats in isolated conditions (Thompson et al., 2009).
These findings in rats are consistent with the increased subjective
pleasure in positive social stimuli seen in this study. The present find-
ings are also consistent with previous human imaging findings, in
which MDMA increased activity in the ventral striatal area when par-
ticipants viewed happy facial expressions (Bedi et al., 2009). Although
subjective ratings were not obtained in the imaging study, the
increased activity in a reward-related brain area is consistent with
our present findings. Finally, they are somewhat consistent with pre-
vious results indicating that MDMA increased reported arousal in

response to pictures of individuals in positive social situations
(Hysek et al., 2013), although here we saw a change in positivity ratings
rather than arousal.

In contrast, there are few precedents for the observed decrease in
positive responses to non-social stimuli. Although this is the first study
explicitly comparing the effects of MDMA on social and non-social
stimuli, studies in laboratory animals suggest that MDMA may en-
hance the value of rewards regardless of their social nature. For ex-
ample, MDMA lowers the threshold for the rewarding effects of direct
brain stimulation in rats (Hubner et al, 1988; Lin et al.,, 1997). It is
difficult to speculate on the reason for this difference in the absence of
more studies comparing the effects of MDMA on social vs non-social
rewards in both humans and rats. However, this could represent a
species differences, given the greater importance of social contacts to
humans, and the concurrent differences in brain organization, and
particularly in distribution of oxytocin receptors, between species
with different types of social organization (Insel and Shapiro, 1992).
It would be particularly interesting for future studies in laboratory
animals to examine the effects of MDMA on the incentive value of
non-social vs social rewards.

Importantly, although it has been proposed that MDMA may con-
tribute to psychotherapy by decreasing emotional responses to negative
material (Johansen and Krebs, 2009), we did not see any evidence here
for ‘dampening’ of negative responses, despite having a well-powered
within-subject design. MDMA consistently reduces the ability to iden-
tify negative emotional expressions in others (Bedi et al., 2010; Hysek
et al., 2012a, 2013), but identifying an expression is somewhat different
than having an emotional response to that expression. In a previous
study, MDMA reduced neural responses to threatening faces in healthy
volunteers (Bedi ef al, 2009), but subjective responses to the faces were
not assessed. MDMA also did not alter arousal in response to pictures
of negative social situations (Hysek et al., 2013) in a previous study in
healthy volunteers. Thus, the effects of MDMA on emotional responses
to negative stimuli are less clear.
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The neuropharmacological mechanisms underlying the observed ef-
fects of MDMA on responses to social stimuli are not known.
However, it may be informative to compare the effects of related psy-
choactive drugs, specifically similar stimulants, other serotonergic
drugs and oxytocin. First, MDMA acts as a stimulant, but we did
not see a ‘socially selective’ pattern using a similar design with the
classic stimulant d-amphetamine. Instead, we found that amphetamine
enhanced positive responses to all types of pictures, regardless of
whether they contained social content (Wardle and de Wit, 2012).
One difference between these drugs is the comparatively greater ser-
otonergic effect of MDMA compared with a stronger dopaminergic
profile for amphetamine (Kankaanpii et al, 1998). Serotonin is also
thought to be critical to the social effects of MDMA (Thompson et al.,
2007; Hysek et al., 2012b). However, acute serotonin reuptake inhibi-
tor (SSRI) administration, which also enhances serotonin, albeit by a
different mechanism (Harmer, 2008), does not produce similar effects.
Rather than enhancing responses to positive stimuli only, SSRIs in-
crease emotional responses to both positive and negative stimuli
(Harmer, 2008). It is unknown whether SSRIs act more strongly on
social stimuli vs non-social stimuli. Finally, it has often been proposed
that the oxytocin release triggered by MDMA is responsible for its
prosocial effects (McGregor et al., 2008). Interestingly, intranasal oxy-
tocin is the only related drug that has produced a ‘socially selective’
pattern of results in previous studies (Norman et al., 2011). However,
rather than affecting positive social stimuli, 201U of oxytocin in
healthy adults reduced arousal responses to negative social pictures
without altering responses to non-social pictures (Norman et al.,
2011). In each of these comparisons, it should be noted that there
are potential dose equivalency issues. For example, it is unknown
whether acute SSRI administration produces an equivalent serotonin
increase to MDMA. Nevertheless, MDMA appears to have a unique
profile of effects on responses to emotional stimuli when compared to
related drugs at typically used doses. Future studies employing precur-
sor depletion or antagonist methods may help determine the exact
neuropharmacological basis of these effects, as would studies directly
comparing the effects of MDMA with those of other related drugs in
the same participants.

This study does have several limitations. First, the relatively homo-
geneous sample, which excluded DSM-1IV disorders and heavier drug
users, may limit our ability to detect reinforcing effects of the drug,
which may be more evident in ‘at risk’ populations. A second limita-
tion is the artificial nature of our stimuli. Pictures of social interaction
may not elicit the same responses as actual interaction opportunities.
For example, they do not include aspects such as physical touch, which
are thought to be important to the effects of MDMA on social behavior
in laboratory animals (Thompson et al., 2009). Further, despite our
efforts to match social and non-social stimuli on valence and arousal,
social stimuli were rated slightly more extremely (particularly the nega-
tive ones) by our sample than non-social ones, perhaps reflecting the
inherently more engaging nature of social objects to humans. Finally,
our participants, all of whom had some previous MDMA experience,
were relatively likely to be able to identify the drug as a stimulant.
Thus, it should be considered that the effects observed likely represent
a combination of pharmacological and expectancy effects. Use of mar-
ginal doses with less pronounced subjective effects may help disentan-
gle these components of MDMA response. However, it is important to
note that effects of MDMA in typical recreational use will likely also
reflect the combination of pharmacological and expectancy effects.

In conclusion, we observed for the first time that MDMA has a
‘socially selective’ effect in humans, whereby it increases the reward
value of positive social stimuli, while decreasing the value of non-social
positive stimuli. This phenomenon appears likely to contribute to the
unique ‘entactogenic’ effects of MDMA by increasing the comparative
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value of social contact and closeness with others. These effects may also
contribute to the abuse of this unusual stimulant drug, given that
MDMA users report that such prosocial effects motivate MDMA use.
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