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Posttraumatic stress disorder (PTSD) is a debilitating psychiatric 
illness associated with significant distress and difficulties in 
functioning (Kessler, 2000). Effective treatments for PTSD exist 
including trauma-focused psychotherapy and pharmacological 
treatments (American Psychological Association [APA], 2017; 
US Department of Veterans Affairs Department of Defense [VA/
DoD], 2017). However, a subset of patients fails to benefit, and 
alternative treatment approaches are needed. Accumulating evi-
dence provides support that 3,4-methylenedioxymethampheta-
mine (MDMA) in combination with psychotherapy is effective. 
MDMA is a phenethylamine derivative associated with subjec-
tive effects including experiences of euphoria, increased feelings 
of closeness and love for others, and better access to emotionally 
intense material (Bedi et al., 2010; Harris et al., 2002). MDMA 
enhances the release and inhibits the reuptake of serotonin, nor-
epinephrine, and dopamine, resulting in increased neurotrans-
mission of these monoamines; serotonergic effects are likely 
responsible for most of the subjective effects in humans (Farré 
et al., 2007; Young et al., 2015).

Across six randomized trials, after two blinded experimental 
sessions, the active MDMA dose groups (75–125 mg) demon-
strated a greater reduction in PTSD symptoms compared to pla-
cebo or control dose groups (0–40 mg) (d = 0.8) (Mithoefer et al., 

2019). In this research, participants engaged in three non-drug 
therapy preparatory sessions, two to three 8-hour MDMA or pla-
cebo sessions, and three to four integration therapy sessions fol-
lowing experimental sessions, using a non-directive therapeutic 
approach (Mithoefer et al., 2019). PTSD symptoms continued to 
decrease across follow-up assessments (Jerome et al., 2020), and 
pooled data indicate a favorable safety profile (Feduccia et al., 
2019). Fear extinction learning and retention represent one of the 
theoretical foundations of prolonged exposure (PE) therapy, a 
first-line treatment for PTSD (APA, 2017; Institute of Medicine, 
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2007; VA/DoD, 2017), in which patients therapeutically confront 
trauma reminders and trauma memories (Rothbaum and Davis, 
2003). PE demonstrates large treatment effect sizes (Cusack 
et al., 2016), but a subset of patients do not attain clinically 
meaningful symptom improvement in trauma-focused therapies 
for PTSD, and dropout rates are often significant (Bradley et al., 
2005). Identifying potential mechanisms of MDMA’s impact on 
PTSD symptoms is vital to inform ongoing intervention research 
and enhancement of treatment efficacy, efficiency, and response 
rates. This study investigated MDMA’s impact on fear extinction 
learning and retention which could better determine MDMA’s 
potential to enhance outcomes of PE for PTSD through its action 
on fear circuitry and resulting behavior.

The administration of fear conditioning and subsequent 
extinction training is a well-characterized translational model for 
the study of fear-related PTSD symptoms (Briscione et al., 2014; 
Jovanovic et al., 2009; Norrholm et al., 2006), and improved 
extinction learning has been proposed as one of the mechanisms 
underlying the success of MDMA-assisted psychotherapy 
(Feduccia and Mithoefer, 2018). The fear-related symptoms of 
PTSD can occur following exposure to an extremely aversive 
event (unconditioned stimulus (US)) that can lead to an associa-
tive (conditioned) fear to cues associated with the US (condi-
tioned stimuli (CS)) which can result in sustained behavioral 
expressions of fear (conditioned responses (CR)). According to 
the principles of associative fear learning (Rothbaum and Davis, 
2003), fear-related PTSD symptoms (e.g. re-experiencing and 
hyperarousal) can involve conditioned fear responses such as 
physiological and psychological distress upon trauma reminders, 
avoidance of trauma-related cues, and exaggerated fear responses 
that do not diminish over time due in part to a failure of fear 
extinction (Rothbaum et al., 1992).

In the laboratory, fear extinction training (also termed within-
session extinction) involves repeated presentation of the CS 
without the US, resulting in a decreased conditioned fear response 
(Myers and Davis, 2002). Fear extinction retention (also termed 
between-session extinction or extinction recall) is the retrieval 
and expression of the learned extinction memory following a 
delay. PTSD has been associated with extinction training and 
retention deficits (Jovanovic et al., 2012; Milad and Quirk, 2012; 
Norrholm et al., 2008, 2011). The fear memory is not erased dur-
ing extinction, but new learning about the likelihood of further 
threat develops, inhibiting previously formed fear memories 
(Bouton et al., 2008; Briscione et al., 2014; Myers and Davis, 
2002). Extinction retention, and the ability to appropriately main-
tain this inhibition of fear, is relevant to PTSD treatment 
outcome.

In rodent models, MDMA robustly enhanced long-term 
extinction when administered prior to extinction training (Young 
et al., 2015). MDMA’s extinction enhancement was associated 
with increased neuronal activity in the amygdala and medial pre-
frontal cortex and increased brain-derived neurotrophic factor 
(BDNF) expression in the amygdala (Young et al., 2015). A 
recent preclinical study replicated the finding that MDMA 
enhanced extinction retention as measured via fear-potentiated 
startle and found that acute and chronic treatment with a 5-HT 
transporter inhibitor blocked this effect (Young et al., 2017). 
Others have found that MDMA did not enhance extinction train-
ing but rather reduced conditioned fear when administered dur-
ing the consolidation phase, suggesting MDMA may act to 

disrupt reconsolidation of fear memories (Hake et al., 2019). 
These rodent studies provide support for the promise of MDMA 
in enhancing fear extinction retention in PTSD patients.

This study investigated the impact of MDMA on fear extinc-
tion training and retention in a sample of healthy humans who 
completed a translational experimental fear acquisition and 
extinction startle paradigm (e.g. Norrholm et al., 2011) based 
largely on the rodent paradigms employed in the previously men-
tioned studies. In humans, the startle response is a phylogeneti-
cally well-preserved and sensitive indicator of conditioned fear 
that can be reliably measured and manipulated (Jovanovic et al., 
2009) and has shown to be associated with effectiveness of PE 
therapy for PTSD (Glover et al., 2015; Maples-Keller et al., 
2019; Norrholm et al., 2016; Robison-Andrew et al., 2014). We 
hypothesized that participants who received MDMA during 
extinction training would demonstrate a decreased startle 
response to aversive stimuli during extinction retention com-
pared to participants who received placebo.

Materials and methods

Study design

The study was a parallel-group, randomized, placebo-controlled 
trial consisting of three visits conducted at Emory University in 
Atlanta, Georgia, from March 2018 to July 2020 when target 
enrollment was reached (N = 34). Adverse events were collected 
for duration of study participation. The protocol was approved by 
the Emory University IRB and conducted in accordance with the 
Declaration of Helsinki of 1975 and its amendments and was reg-
istered at ClinicalTrials.gov (NCT03181763) on 9 June 2017.

Randomization

Randomization to MDMA or placebo was 1:1 from a list using 
permuted blocks generated by an independent biostatistician 
retained by MAPS Public Benefit Corporation (MAPS PBC), 
study sponsor designee, prior to the start of the study and sent 
directly to unblinded study physician, who maintained the list 
and the study drug supply. MDMA was manufactured by Zeeh 
Pharmaceutical Experimental Station within the University of 
Wisconsin in Madison, Wisconsin. No other study personnel 
were given access to the randomization list. At Visit 2, after all 
eligibility criteria had been confirmed, the study physician 
assigned the patient to the treatment arm indicated according to 
the randomization list and dispensed the study medication. 
Participant and all research staff other than study physician were 
blinded to group assignment. The unblinded study physician’s 
only other roles on the study included interpretation of laboratory 
and electrocardiogram data and availability for any medical 
issues arising after dosing.

Participants

Participants were recruited through community advertising and 
provided written informed consent. Inclusion criteria included 
(1) 21–55 years of age, (2) ability to read and understand the 
English language, (3) having previously used MDMA in recrea-
tional setting with no reported adverse experiences, (4) a 
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negative pregnancy test in females of childbearing potential, and 
participants had to agree to use birth control through 10 days after 
study completion. Exclusion criteria included (1) lifetime diag-
nosis of bipolar disorder, primary psychotic disorder, dementia, 
or intellectual disorder, (2) lifetime diagnosis of moderate or 
severe substance use disorder, except caffeine or nicotine, (3) any 
psychiatric disorder in the 6 months prior to screening, (4) use of 
psychoactive medications during the 2 weeks prior to Visit 1, (5) 
use of MDMA more than 10 times in 10 years, (6) any use of 
MDMA in the past 6 months, (7) first-degree relative with diag-
nosis of schizophrenia or bipolar I disorder, (8) the presence of 
unstable or central nervous system-related medical illness that 
would interfere with study participation, (9) uncontrolled hyper-
tension or clinically significant arrythmia as detected by electro-
cardiogram, (10) currently pregnant or breast feeding, (11) 
history of acute angle glaucoma, and (12) hearing impairment as 
detected by audiometer (i.e. unable to detect tones below 40 dB in 
right or left ear), and/or (13) positive urine drug screen at Visit 1 
or 2. Participants were compensated $100 USD for Visits 1 and 2 
and $150 for Visit 3.

Procedure

Prescreening, screening, and baseline evaluation (Visit 1).  
Prospective participants were prescreened by telephone for basic 
eligibility criteria. Lifetime and current psychiatric diagnoses 
were assessed by a PhD-level assessor using the MINI-Interna-
tional Neuropsychiatric Interview, v.7.0.2 for DSM-5 (Sheehan 
et al., 1998). Medication and drug use history, a medical history 
and physical exam, electrocardiogram and screening laboratory 
test, including urine drug screen and pregnancy test (if applica-
ble), were completed to confirm study eligibility. After comple-
tion of all eligibility procedures and confirmation that participant 
met all enrollment criteria (except for the pending laboratory 
results), the fear acquisition session was completed. At the end of 
the visit, participants were instructed to (1) ingest only alcohol-
free liquids after midnight on the evening before experimental 
session, (2) refrain from use of psychoactive drugs with excep-
tion of caffeine or nicotine within 24 hours of the experimental 

session, (3) not use caffeine or nicotine 2 hours before or 6 hours 
after ingesting study drug, and (4) not use herbal supplementals 
after midnight.

Experimental session (Visit 2). At the start of Visit 2, partici-
pants completed a urine drug screen and pregnancy test if appli-
cable. The study physician administered the study medication 
which consisted of a white capsule containing either 100 mg 
MDMA or matching placebo. The visit occurred in a decorated 
office setting with patients sitting in a recumbent chair except 
when walked to and from the startle testing booth. Vital signs 
were assessed prior to study drug administration and 0.75, 1.25, 
1.75, 3, 4, 5, and 6 hours following drug dosing. Vitals in the 
MDMA and placebo groups across Visit 2 timepoints are pre-
sented in the supplementary materials (Supplementary Figures 
S3–S6). The study physician was on site for the entirety of Visit 
2 in case of medical complications. The extinction training ses-
sion was implemented 2 hours after study drug administration 
(around Tmax for MDMA; de la Harris et al., 2002; De la Torre 
et al., 2000); other than this session, participants remained in the 
treatment room for 6 hours after dosing.

Extinction retention (Visit 3). Visit 3 occurred 48 hours fol-
lowing Visit 2 and involved a urine drug screen and extinction 
retention phase of startle testing (described below).

Startle paradigm

The study used a well-validated fear conditioning, extinction 
training, and extinction retention fear-potentiated startle para-
digm (Jovanovic et al., 2009; Norrholm et al., 2006, 2008, 2011). 
A diagram of this paradigm is presented in Figure 1. Acoustic 
startle response was measured using electromyography (EMG) 
of the right orbicularis oculi muscle. EMG activity was acquired 
at a sampling rate of 1 kHz and was amplified and digitized via 
the Biopac MP150 EMG module (Biopac Systems Inc, Aero 
Camino, California). Two 5-mm silver/silver chloride (Ag/AgCl) 
pre-gelled disposable electrodes were positioned approximately 
1 cm under the pupil and 1 cm under the lateral canthus. The star-
tle probe was a 108-dB sound pressure level, 40-ms burst of 

Figure 1. Schematic illustration of the experimental design for assessing CS habituation, fear acquisition, extinction training, and extinction 
retention (also termed recall).
NA = noise alone; CS = conditioned stimulus
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broadband noise with near instantaneous rise time per previously 
published methods (e.g. Norrholm et al., 2006).

Visit 1 (fear acquisition). CS was presented visually as col-
ored shapes on a computer monitor. The aversive US was a 250-
ms airblast with intensity of 140 pounds per square inch directed 
to the larynx. Airblasts were emitted by compressed airtank con-
nected to polyethylene tubing and controlled by a solenoid 
switch. The conditioning session began with a CS habituation 
block, followed by three acquisition blocks. Across the acquisi-
tion blocks, there were a total of 12 CSs (colored shapes) rein-
forced with an airblast US (CS+) and 12 non-reinforced CSs 
(CS−), as well as 12 trials of the sound probe presented without a 
CS (noise alone (NA)). Trial order for each session was randomly 
determined during experimental design and all stimuli were pre-
sented in the same order for each participant. Stimuli were pre-
sented using SuperLab 4.5 for Windows (Cedrus, Inc., San Pedro, 
CA) and synchronized with psychophysiological data acquisition 
using DIO card (Measurements Computing, Inc). The inter-trial 
interval (ITI) ranged from 9 to 22 seconds.

Visit 2 (extinction training). During the extinction session, 
the same CSs from the fear acquisition session were presented on 
a computer monitor, but this time, none were followed by an air-
blast US (Norrholm et al., 2011). Sixteen trials of each type 
(CS+, CS−, NA) were administered with same ITI range (9–
22 seconds) as the prior session.

Visit 3 (extinction retention). During extinction retention, the 
same CSs as previous sessions were repeatedly presented on the 
computer monitor without being followed by an airblast US 
(Norrholm et al., 2011). There were four trials of each type and 
same ITI range (9–22 seconds) as previously noted.

Statistical analysis

Consistent with previous studies that employed this paradigm (e.g. 
Norrholm et al., 2011), the primary outcome measure was fear-
potentiated startle during extinction retention as defined as the 
increase in startle magnitude (in microVolts) when a conditioned 
stimulus was presented to the participant as compared to partici-
pant’s baseline acoustic startle response. In short, Repeated 
Measures Analysis of Variance (RM-ANOVA) was used to probe 
for fear acquisition, extinction training, and extinction retention 
effects. Acquisition of conditioned fear was tested with RM-ANOVA 
with Block (four levels—Habituation and three acquisition blocks) 
and Trial Type (two levels—NA and reinforced CS+) included as 
within-subjects variables and group (placebo vs MDMA) included 
as a between-subjects variable. The dependent variable in these 
analyses was startle magnitude on each trial type. Discrimination 
between reinforced CS+ and non-reinforced CS− was tested with 
RM-ANOVA with Block (four levels—habituation and three acqui-
sition blocks) and trial type (2 levels—CS+ and CS−) included as 
within-subjects variables and group (placebo vs MDMA) included 
as a between-subjects variable. Therefore, the dependent variable in 
these analyses was fear-potentiated startle magnitude in the pres-
ence of each CS type expressed as a difference score from NA.

Extinction training was tested with RM-ANOVA with block 
(four extinction blocks) as within-subjects variables and group 

(placebo vs MDMA) as a between-subjects variable. Extinction 
retention was tested with RM-ANOVA with session (two lev-
els—last block of extinction training and one block of extinction 
retention) as within-subjects variables and group (placebo vs 
MDMA) as a between-subjects variable. Extinction training and 
retention analyses were specific to the previously reinforced 
CS+; therefore, the dependent variable in those analyses was 
fear-potentiated startle to the CS+. Significant higher-order 
interaction effects were followed up by lower-order analyses and 
simple comparisons.

Given individual differences in fear extinction processes, best 
analytical practice for contemporary extinction models highlight 
the importance of investigating the proportion of individuals 
within a group that shows a specific response using clear bench-
marks in addition to examining group-level mean differences 
(Shumake et al., 2018). As such, we conducted post hoc explora-
tory analyses to classify participants in each group according to 
the degree to which they showed a return of fear or retention of 
extinction learning and conducted chi-square analyses to com-
pare the amount of extinction retainers in MDMA and placebo 
groups.

Results

Participants

Fifty-one people consented for the study. Thirty-four were rand-
omized, all of whom completed Visits 2 and 3. Demographic 
information is presented in Supplementary Table S1, and 
CONSORT diagram is presented in Supplementary Figure S1. 
MDMA and placebo groups were compared across all demo-
graphic variables, and no significant differences were identified 
(Supplementary Table S1).

Fear acquisition

Acquisition of fear-potentiated startle was quantified and ana-
lyzed according to the methods reported in previous studies 
(Myers and Davis, 2002; Norrholm et al., 2006, 2011; Rothbaum 
et al., 2014). Across the four blocks of conditioning (one CS 
habituation + three acquisition), there was a significant three-
way interaction of block × trial type × group (F(3, 93) = 3.34, 
p = 0.02) as well as a significant block × trial type interaction 
(F(3, 93) = 3.82, p = 0.012). In addition, there were main effects of 
block and trial type (See Figure 2; see Supplemental Table S2). 
The block × trial type interaction indicated greater acoustic star-
tle responses in the presence of the reinforced CS+ as compared 
to NA with increasing trial type differences from CS habituation 
to the end of acquisition block 3, thus showing successful 
acquisition of fear-potentiated startle. We followed up the three-
way interaction by analyzing a two-way RM-ANOVA with 
block × trial type in each group separately to ensure that both 
groups acquired fear to the CS+. Both groups showed higher 
startle magnitude to CS+ versus NA (Placebo: F(1, 45) = 25.56, 
p < 0.001; MDMA: F(1, 48) = 23.24, p < 0.001). We also con-
ducted a univariate ANOVA comparing the groups on both trial 
types and found no significant differences between MDMA and 
placebo groups on any of the blocks of the acquisition phase. The 
fear acquisition data are shown in Figure 2 with the groups col-
lapsed due to the lack of significant differences.
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startle to the previously reinforced CS+ at the end of extinction 
training versus the beginning of the extinction retention session 
(F(1, 32) = 26.87, p < 0.001), no significant session × group 
interaction or main effect of group (Figure 4; see Supplemental 
Table S2). A return of fear-potentiated startle suggests a lack of 
extinction retention.

In our previous work, we have classified individuals based on 
the degree to which they learn to extinguish fear during extinc-
tion learning sessions (i.e. within-session extinction; Norrholm 
et al., 2006, 2008) In this study, there were no differences 
between the groups based on degree of within-session extinction 
learning. However, in the current analyses, we further explored 
this examination by classifying participants in each group accord-
ing to the degree to which they showed a return of fear or reten-
tion of extinction learning. A participant that displayed an 

Figure 2. All participants, prior to any drug administration, displayed 
significant acquisition of fear-potentiated startle to the reinforced CS+ 
as compared to the noise probe alone.
CSH = conditioned stimuli habituation; ACQ = acquisition; NA = noise alone; 
CS+ = reinforced conditioned stimuli; µV = microvolts; ** = significant block × trial 
type interaction, p = 0.012

Figure 3. All participants, prior to any drug administration, showed 
successful discrimination between the reinforced CS+ and non-
reinforced CS−.
CSH = conditioned stimuli habituation; ACQ = acquisition; CS+ = reinforced 
conditioned stimuli; CS− = non-reinforced conditioned stimuli; fear-potentiated 
startle = [mean startle magnitude to CS] – [mean startle magnitude to noise 
alone]; µV = microvolts; ** = significant block × CS type interaction, p = 0.008.

CS+/CS− discrimination

The discrimination between the CS+ and CS− cues was quanti-
fied and analyzed per previously reported methods (Norrholm 
et al., 2006, 2008, 2011; Rothbaum et al., 2014). Across the four 
blocks of Acquisition (one CS habituation + three acquisition), 
there was an interaction of block × CS type (F(3, 93) = 4.23, 
p = 0.008) as well as a main effect of CS type and block (See 
Figure 3 and Supplemental Table S2). We followed the two-way 
interaction by comparing CS type within each block and found 
that fear-potentiated startle responses in the presence of the CS+ 
were greater as compared to the CS− during the last two blocks 
of acquisition (both p values < 0.05). This demonstrates success-
ful discrimination between the CS cues as is typically observed 
with this paradigm in healthy controls (Briscione et al., 2014). 
There were no significant main or interaction effects with Group, 
indicating no differences between MDMA and placebo groups 
during the acquisition session with regard to discriminative 
learning (F(1, 31) = 0.62, p = 0.44). The discrimination data are 
shown in Figure 3 with the groups collapsed due to the lack of 
significant differences.

Extinction training

Given that study drug was administered prior to extinction train-
ing, we examined whether baseline startle was affected with drug 
on board. Importantly, we observed no effect of MDMA versus 
placebo on baseline startle (i.e. NA across four blocks) during the 
extinction session (F(1, 32) = 0.17, p = 0.68). The study sample 
demonstrated significant reduction of fear-potentiated startle 
responses to the CS+ across extinction blocks (expressed as a 
difference score from NA; F(3, 96) = 21.50, p < 0.001) with no 
significant difference between the MDMA and placebo groups 
(F(1,32) = 1.31, p = 0.26; Figure 4; see Supplemental Table S2).

Extinction retention

As a whole, the participants showed a significant return of fear 
through spontaneous recovery when comparing fear-potentiated 

Figure 4. Participants assigned to either the placebo or drug 
administration exhibited a significant reduction in fear-potentiated 
startle to the CS+ across the blocks of extinction training to the 
previously reinforced CS+. In addition, both groups showed a 
significant return of fear at the extinction retention test.
PBO = placebo; MDMA = 3,4-methylenedioxymethamphetamine; EXT = extinction; 
RET = extinction retention; fear-potentiated startle = [mean startle magnitude to 
CS] – [mean startle magnitude to noise alone]; µV = microvolts; *** = significant 
effect of block, p < 0.001.
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increase in fear-potentiated startle of <0 (i.e. no increase) when 
comparing fear-potentiated startle at the end of extinction train-
ing versus the beginning of extinction retention was defined as a 
“retainer.” Conversely, a participant that showed increased fear-
potentiated startle from the end of extinction training to the 
beginning of extinction retention was defined as a “non-retainer.” 
A chi-square analysis revealed that there were significantly more 
retainers in the MDMA group (6/17) as compared to the placebo 
group (0/17; χ2 = 7.29, p = 0.007; see Figure 5 and Supplementary 
Figure S2). Within the MDMA group, the retainers demonstrated 
a full retention of extinction training across the retention session 
with no return of fear/spontaneous recovery, whereas the non-
retainers demonstrated spontaneous recovery (repeated measures 
ANOVA, significant block × group interaction, F(1,15) = 9.34, 
p = 0.008; Figure 5(a)). A scatterplot of the distribution of reten-
tion scores is provided in Figure 5(b).

Tolerability and safety of MDMA

Adverse events were collected for the duration of study protocol 
including severity and relationship to study treatment. Study 
medication was well tolerated. There were no cardiovascular 
adverse events and no participants withdrew due to harms. The 
most common adverse events were elevated blood pressure (i.e. 
SBP ⩾ 160 or DBP ⩾ 110; 3/17 in MDMA group, 0/17 in placebo 
group), headache (2/17 in MDMA group, 1/17 in placebo group), 
anxiety (3/17 in MDMA group, 0/17 in placebo group), and tach-
ycardia (i.e. HR ⩾ 110; 2/17 in MDMA group, 0/17 in placebo 
group). All adverse events ranged from mild to moderate severity 
and were transient in nature and did not require medication or 
intervention. There were no serious adverse events.

Physiological indices including pulse rate, blood pressure, and 
body temperature were assessed during the drug/placebo session 
(Visit 2) at eight timepoints (0 (pre-drug), 0.75, 1.25, 1.75, 3, 4, 5, 
and 6 hours post-drug administration). We observed a significant 
time × group interaction across the eight pulse assessment time-
points during Visit 2 (Repeated Measures ANOVA, F(1,31) = 51.37, 
p < 0.001). The MDMA group displayed significantly higher 
pulse rate over the course of the session (Supplementary Figure 
S3). We found a significant time × group interaction on both 
blood pressure indices (SBP: F(1,31) = 78.73, p < 0.001; DBP: 
F(1,31) = 18.69, p < 0.001; Supplementary Figures S4 and S5). 
The MDMA group higher SBP and DBP compared to the placebo 
group. On measures of body temperature, there was a significant 
time × group interaction across the eight timepoints during Visit 2 
(repeated measures ANOVA, F(1,30) = 14.62, p = 0.001) with 
body temperature steadily increasing in the MDMA group over 
the course of the test session; however, temperature in both groups 
remained within normal range throughout the Visit 2 session 
(Supplementary Figure S6).

Discussion
MDMA-assisted psychotherapy has shown potential as a PTSD 
treatment (Feduccia et al., 2019; Jerome et al., 2020; Mitchell 
et al., 2021; Mithoefer et al., 2018; Oehen et al., 2013) and mech-
anistic research is needed to inform understanding of treatment 
efficacy, efficiency, and response rates. Clinical investigators 
have suggested enhanced extinction retention as a primary 

mechanism by which MDMA may produce positive treatment 
outcomes in PTSD (Feduccia and Mithoefer, 2018). Early evi-
dence from rodent models supported this proposed mechanism of 
action by showing that MDMA enhanced retention of extinction 
when administered prior to extinction training (Young et al., 
2015, 2017) This study sought to translate these pre-clinical 
rodent trials to human fear learning paradigms and hypothesized 
that MDMA would be associated with enhanced extinction reten-
tion in healthy humans.

The results of this study are summarized as follows: (1) all 
participants successfully acquired and then extinguished condi-
tioned fear in this established paradigm, (2) pre-extinction train-
ing administration of MDMA, and its associated experiential and 
physiological effects, did not interfere with participants’ ability 
to learn to extinguish recently acquired conditioned fear such that 
both groups demonstrated extinction learning, (3) acute MDMA 
administration did not overall enhance within-session extinction 
learning nor enhance extinction retention and (4) there was a sig-
nificantly greater number of participants who retained extinction 
learning in the MDMA versus placebo group.

Recently MDMA research has significantly increased with 
growing evidence for the safety and efficacy of MDMA-assisted 
therapy (Feduccia et al., 2019; Jerome et al., 2020; Mitchell 
et al., 2021; Mithoefer et al., 2018; Oehen et al., 2013; Reiff 
et al., 2020; Warren et al., 2014). As previously shown in a large 
analysis (Vizeli and Liechti, 2017), in this study, MDMA was 
safe and well tolerated; pulse rate, systolic and diastolic blood 
pressure, and body temperature demonstrated transient increases 
that normalized over the 6-hour session. This study provides sup-
port for the feasibility of implementing experimental procedures 
in MDMA clinical research. No previously published study has 
investigated the effects of acute MDMA administration on 
extinction learning in healthy human adults, thus it was previ-
ously unknown whether conditioned fear could be extinguished 
while participants were under acute effects of MDMA. During 
extinction training, the entire group demonstrated a decrease in 
fear-potentiated startle responses, providing evidence that under 
MDMA administration participants were able to successfully 
attend to and engage in this experimental paradigm. Notably, 
there was not a significant group difference across the blocks of 
extinction training. This provides support for the use of extinc-
tion experimental research under MDMA administration, as the 
MDMA group demonstrated comparable acoustic startle 
responses (i.e. baseline startle to NA) and extinction learning to 
placebo group despite acute subjective effects and increase in 
physiological arousal. This may represent a potential floor effect 
in startle responding, as the total sample demonstrated virtually 
complete extinction of fear-potentiated startle by the end of the 
four extinction blocks. Extinction retention was the primary out-
come for this study based on previous research in rodent models 
indicate that MDMA enhances retention of extinction learning 
when administered prior to extinction training (Young et al., 
2015, 2017). We did not replicate this effect in this study as a 
significant difference in extinction retention was not identified 
when directly comparing groups. Nearly all participants showed 
a return of fear through spontaneous recovery when comparing 
fear-potentiated startle at the end of extinction training versus 
extinction retention. Return of fear is the normative response in 
this paradigm (Jovanovic and Norrholm, 2011; Norrholm et al., 
2006, 2008) for a number of reasons, including context, occasion 
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setting, configural learning, and demand characteristics. For a 
clinical treatment, a higher dose of extinction training (e.g. more 
trials (exposures) and/or more sessions) may be required to see 
higher rates of extinction retention.

While the primary hypothesis was not supported, the results 
of this study provide valuable new insight into the mechanisms 
by which MDMA may or may not elicit clinical gains in PTSD 
treatment. Our extinction retainer analyses, based on our group’s 
previous work with extinction learning in humans, provides a 
compelling rationale to continue this avenue of translational 
research. This rationale coupled with increasing calls to investi-
gate the proportion of individuals who demonstrate a specific 
response in fear extinction studies in addition to examining 
group-level mean differences (Shumake et al., 2018) led us to 
consider the proportion of extinction retainers across the treat-
ment groups via exploratory analyses. The MDMA group dem-
onstrated significantly more participants who retained extinction 
learning (χ2 = 7.29, p = 0.007) with 6/17 participants classified as 
retainers compared to 0/17 in the placebo group. It should also be 
noted that our definition of retention of extinction was strictly 
defined as any return of fear as compared to terminal levels of 
extinction during extinction training (i.e. any response greater 
than 0). This restricted definition does not rely on nuanced data 
transformations and removes the potential for setting a relatively 
arbitrary degree of fear return (e.g. % of fear observed at 
acquisition).

This indicates that it is possible that MDMA facilitates 
extinction retention in a subset of individuals, and future 
research should investigate potential individual differences that 
may interact with MDMA in facilitating fear extinction pro-
cesses. These differences may be hormonal, genomic, experien-
tial, or a combination of these factors (Briscione et al., 2014). 
While promising, given that this was not a primary objective of 
this study, it will be beneficial for future research to investigate 
return of fear mechanisms specific to MDMA in larger sample 

sizes or in samples elected specifically for deficits in fear extinc-
tion learning. The potential relevance of MDMA to fear extinc-
tion learning is supported by research indicating that the effects 
of MDMA and the mediation of fear extinction processes are 
associated with overlapping neural circuity. Neuroimaging 
research in healthy adults indicates that MDMA results in 
decreased cerebral blood flow to the right amygdala and hip-
pocampus, which correlated with self-reported intensity of sub-
jective effects of MDMA, and increased resting state functional 
connectivity between the amygdala and hippocampus (Carhart-
Harris et al., 2015). Neuroimaging research using fear extinction 
training and retention experimental paradigms suggest involve-
ment of the amygdala, hippocampus, and ventromedial prefron-
tal cortex (Milad et al., 2007). Future research may benefit from 
using fewer extinction trials or from investigating extinction 
learning in PTSD samples in which there is a pre-existing 
impairment (Sessa, 2017) that may be “rescued.”

In a recent rodent study, MDMA administration prior to fear 
extinction training did not enhance the fear extinction memory, 
but MDMA administered during reconsolidation phase resulted 
in a reduction in conditioned fear (Hake et al., 2019); as such, 
future research may also benefit from investigating MDMA’s 
potential role in disrupting reconsolidation of fear memories in 
human samples. Imaging studies testing MDMA’s impact on 
fear extinction and reconsolidation neurocircuitry may be ben-
eficial in further elucidating how MDMA might impact these 
distinct processes (Feduccia and Mithoefer, 2018). In addition 
to the hypothesized effects of MDMA on fear extinction, 
MDMA has been shown to have emotional effects that could be 
useful in MDMA-assisted therapy including reduced recogni-
tion of negative emotions including fear, enhanced emotional 
empathy, and increased feelings of well-being, trust, and open-
ness (Bedi et al., 2010; Bershad et al., 2016; Holze et al., 2020; 
Hysek et al., 2014a, 2014b; Schmid et al., 2014); future 
research can investigate how these factors and other factors 

Figure 5. Extinction training and retention in MDMA group by retainers and non-retainers: (a) within the MDMA group, retainers (Ret) demonstrated 
full retention of extinction training from the end of extinction training (EXT4) to the extinction retention test (RET) with no return of fear via 
spontaneous recovery. The non-retainers (Non-Ret) demonstrated spontaneous recovery from EXT4 to RET (significant block × group interaction, 
F(1,15) = 9.34, p = 0.008). (b) Scatterplot demonstrating that there were no retainers (Ret) in the placebo (PBO) group but there were significantly 
more retainers (n = 6) in the MDMA group (χ2 = 7.29, p = 0.007).
PBO = Placebo; MDMA = 3,4-methylenedioxymethamphetamine; EXT = extinction; RET = extinction retention; fear-potentiated startle = [mean startle magnitude to 
CS] – [mean startle magnitude to noise alone]; µV = microvolts.
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that they may impact emotional processing of a traumatic 
memory (e.g. autobiographical memory recall and therapeutic 
alliance) may be associated with its therapeutic benefit within 
PTSD therapy.

MDMA-assisted psychotherapy shows promise as a novel 
intervention for PTSD (Feduccia et al., 2019; Jerome et al., 
2020; Mithoefer et al., 2019). PE is an established first-line 
treatment for PTSD (APA, 2017; VA/DoD, 2017) and is based 
on extinction principles. Recent work suggests that one of the 
most consistent predictors of long-term fear was fear at the out-
set of extinction training (Brown et al., 2017); while not signifi-
cant in this study, the placebo group showed elevated fear 
responding during extinction Block 1 compared to the MDMA 
group. The present results suggest that MDMA does not impair 
the extinction of learned fear nor does it directly improve 
extinction learning in human subjects in this paradigm. This 
report is the first investigation of acute administration of 
MDMA on fear learning in humans. Further research may 
reveal that, if present, the most beneficial use of MDMA may be 
as a “rescue” drug for impaired extinction learning and reten-
tion in PTSD samples receiving PE; however, this is speculative 
and requires empirical investigation.

Limitations and future directions

This study used stringent inclusion and exclusion criteria as such 
may not be generalizable to the general public. MDMA was safe 
and well tolerated consistent with previous research (Vizeli and 
Liechti, 2017) providing support for future research investigating 
MDMA in more representative samples. Another limitation was 
the difficulty in maintaining blinding with MDMA compared to 
an inert placebo; however, the study outcomes were objective 
psychophysiological measures. The small sample size was a limi-
tation. In this study, MDMA was administered 2 hours prior to 
extinction training to align around Tmax for MDMA (de la Harris 
et al., 2002; De la Torre et al., 2000); animal studies of MDMA 
and extinction administered MDMA 30 minutes prior to extinc-
tion training (Young et al., 2017); as such, future research may 
also investigate how different timing of drug administration may 
impact extinction processes. Future research would benefit from 
investigating the pharmacological specificity of MDMA’s impact 
on fear extinction; for instance, given shared features with stimu-
lant drugs such as amphetamines, future research could compare 
MDMA and amphetamines and their impact on facilitation of 
fear extinction learning versus general effects on memory. Given 
that PTSD is associated with fear extinction deficits (Young 
et al., 2017), it will be beneficial to investigate fear extinction 
retention in more deeply phenotyped and genotyped PTSD 
patients to investigate to whom MDMA may hold the greatest 
potential to rescue deficits.
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