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on Ecstasy and its absence when dancing off Ecstasy. The 
pedometer values and self-rated levels of dancing were sim-
ilar at both weekends. Hot and cold flushes and feeling hot 
increased significantly under MDMA. The mean body tem-
perature did not change significantly, although there was a 
borderline trend for increased values after MDMA. Feelings 
of happiness and excitement increased under MDMA, al-
though they were not significantly greater than when club-
bing during abstinence.  Conclusions:  Neurohormonal re-
lease may be an important part of the acute MDMA 
experience. The large cortisol increase provides further data 
on the bioenergetic stress model of recreational Ecstasy/
MDMA.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 MDMA (3,4-methylenedioxymethamphetamine) or 
‘Ecstasy’ is used as an illicit drug in many countries 
worldwide  [1–6] . MDMA is a powerful indirect agonist 
for serotonin (5-hydroxytryptamine), and it also stimu-
lates dopamine, noradrenaline and other neurotransmit-
ter activity  [7–9] . Further downstream effects of signal-
ling  cascades  and  gene  expression   processes   may   also   

be important  [10] . The acute monoaminergic boost is 
thought to underlie the positive mood effects of MDMA, 

 Key Words 

 3,4-Methylenedioxymethamphetamine (MDMA)  �  Ecstasy  �  
Cortisol  �  Testosterone  �  Neuroendocrine  �  Temperature  �  
Energy  �  Stress  �  Serotonin 

 Abstract 

  Background/Aims:  The present study is the first to prospec-
tively compare a group of recreational Ecstasy users when 
dance clubbing on 3,4-methylenedioxymethamphetamine 
(MDMA) and when clubbing during abstinence from Ecsta-
sy/MDMA.  Methods:  Twelve normal healthy volunteers 
(mean age = 23.2 years) were assessed at a Saturday night 
dance club under self-administered MDMA. On the other 
weekend they went to the same dance club without taking 
MDMA (order counterbalanced). Both conditions involved 5 
test sessions conducted at similar times: pre-drug baseline, 
1 h post-drug clubbing, 2.5 h post-drug clubbing, and 2 and 
4 days later. The assessments included body and ambient 
temperature, physical activity (pedometer), as well as self-
ratings for mood state, physical activity, thermal comfort 
and thirst. Saliva samples were analyzed for MDMA, cortisol 
and testosterone.  Results:  The cortisol levels increased sig-
nificantly by 800% when dance clubbing on MDMA, while 
testosterone increased significantly by 75%; neither neuro-
endocrine measure was altered during abstinence. Saliva 
analyses confirmed the presence of MDMA when dancing 
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with feelings of euphoria, elation, vigour and well-being 
 [7, 11, 12] ; hence its street names as ‘Ecstasy’ or the ‘love 
drug’  [5, 13–15] . The days following recreational Ecstasy/
MDMA are accompanied by a rebound period of neu-
rotransmitter depletion, when low moods such as leth-
argy and depression predominate  [16–18] . The wider psy-
chobiological changes during this recovery period can 
include reduced appetite, impaired sleep and aggressive-
ness  [5, 11, 17, 19–22] .

  Neuroendocrine functioning is also affected by acute 
and chronic MDMA, through the acute release of sero-
tonin  and  noradrenalin   and   the   resulting   stimulation   of 
hypothalamus-pituitary-adrenal (HPA) axis activity. Du-
mont and Verkes  [2]  noted that cortisol was the most 
widely studied of the neurohormones. Furthermore 11 of 
the 12 laboratory studies which had assessed cortisol 
found that MDMA led to a significant increase. Harris et 
al.  [23]  noted that 0.5 mg/kg of MDMA led to an increase 
over baseline of around 100%, whereas 1.5 mg/kg of 
MDMA caused a 150% percentage increase (i.e. from 11 
to 28 �g/dl at 2 h, with values partially derived from vi-
sual inspection of figure 2 in Harris et al.  [23] ). Several 
other studies have reported similar acute increases in cor-
tisol  [24–28] . In chronic terms, Gerra et al.  [29]  investi-
gated neuroendocrine functioning in drug-free recre-
ational Ecstasy/MDMA users. They were found to have 
significantly higher basal cortisol than non-users, togeth-
er with a blunted cortisol response to stress. This allowed 
the authors to conclude that regular MDMA usage had led 
to a ‘complex neuroendocrine dysfunction’. Cortisol 
changes were also evident in an investigation of tobacco 
smoking and abstinence in recreational Ecstasy/MDMA 
users and controls  [30] . The Ecstasy users demonstrated a 
stronger neuroendocrine response to nicotine depriva-
tion, which was consistent with the conclusion of Gerra et 
al.  [29]  that regular MDMA can disrupt neuroendocrine 
integrity. The theoretical importance of cortisol is that it 
is an energetic stress hormone and may therefore underlie 
some of MDMA’s actions as an acute metabolic stressor 
 [11] . Hence it was deemed important to generate further 
data on the cortisol levels in Ecstasy/MDMA users, espe-
cially in the physically demanding environment of dance 
clubs. Cortisol and testosterone have close physiological 
links via the HPA and hypothalamus-pituitary-gonadal 
axes  [50] . Yet testosterone does not seem to have been in-
vestigated in previous human or animal MDMA research, 
which is surprising given its common usage for sexual en-
hancement  [14, 52] . Any changes in testosterone may also 
be important for understanding its behavioural effects on 
sex and aggressiveness  [14, 17, 52] .

  The recreational use of MDMA is strongly associated 
with dance clubbing  [1, 4, 14, 31–35] . Clubs and raves tend 
to be noisy and crowded, with dancing often continuing 
over prolonged periods. Dance clubbing therefore places 
high levels of energetic demand on the human organism, 
and this may be exacerbated by the co-use of stimulant 
drugs. At a large Dutch rave, Suy et al.  [36]  reported that 
physical exhaustion was the most common reason for re-
ferral to the paramedic support team. Neuroendocrine 
alteration may be important here, since any changes in 
cortisol and testosterone caused by MDMA (see previous 
paragraph) may be further increased by the additional 
physical stress of dance clubbing. In the laboratory, 
MDMA leads to general sympathetic activation, with an 
increased metabolic rate, raised body temperature and 
subjective reports of hyperthermia  [37] . The temperature 
changes may be part of a wider pattern of acute metabol-
ic activation, which has elements of the serotonin syn-
drome  [31] . Feeling hot is therefore a typical experience 
for many Ecstasy/MDMA-using dance clubbers. Howev-
er it is not universally reported, and there may be impor-
tant variation in these body temperature changes and in 
their psychobiological consequences  [1, 4] . Some studies 
have found a significant increase in core body tempera-
ture following acute MDMA  [37, 38] , whereas others have 
observed an unchanged body temperature  [26, 39, 40] . 
There is also variation in the findings from dance club-
bers. Irvine et al.  [41]  noted a non-significant group trend 
for higher temperature, along with a borderline trend for 
a positive correlation between temperature increases and 
plasma MDMA levels, in Ecstasy users tested several 
hours after partying. Cole et al.  [42]  found no body tem-
perature effects in recreational stimulant (including Ec-
stasy) users at a dance club. Parrott and Young  [43]  found 
a significantly higher body temperature in current Ec-
stasy/MDMA users while dance clubbing, compared to 
the non-user controls, with former Ecstasy users showing 
intermediate values. So while a core aim of the current 
study was to investigate the acute neuroendocrine chang-
es in this physically stressful situation, another objective 
was to assess the thermal aspects of MDMA use in dance 
clubbers. Finally, the present study utilized the novel de-
sign of Ecstasy/MDMA users acting as their own con-
trols. Each volunteer agreed to be monitored whilst dance 
clubbing at the same club venue over 2 weekends and to 
abstain from taking Ecstasy/MDMA on one of these oc-
casions. The statistically powerful ‘within-group’ design 
is standard in many areas of psychopharmacology re-
search, although it has not been previously employed 
with recreational Ecstasy/MDMA users. The aim was to 
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generate further empirical data on the neuropsychobio-
logical effects of this CNS stimulant in the dance club 
environment. 

  Methods 

 Participants 
 The nature of this study meant that it was important to have 

thoroughly screened and well-motivated participants. None of 
the volunteers were paid, nor was there any advertising. Instead 
all of the participants were friends or acquaintances of the key 
research worker (J.L.). The 12 participants comprised 8 males and 
4 females. Most were university students, and the others were in 
paid employment. The non-inclusion criteria were diagnosis of a 
psychiatric disorder or a medical condition requiring medication. 
All were regular Ecstasy/MDMA-using dance clubbers from 2 
British towns, Swansea and Brighton. The age range was 18–48 
years, with an overall mean of 23.2, since all but one of the par-
ticipants were aged 18–25 years. The Swansea group consisted of 
4 males and 1 female, while the Brighton group comprised 4 males 
and 3 females. Each group was tested together with everyone be-
ing assessed under the same on-drug or off-drug condition; the 
order was counterbalanced between the groups. 

  Drug Conditions 
 All the participants reported that they normally used Ecstasy/

MDMA while dance clubbing at weekends. For this study they 
agreed to be tested while clubbing over 2 successive weekends. On 
1 weekend they would behave as they would do normally, while 
on the other they would refrain from self-administering any il-
licit stimulant drug such as Ecstasy/MDMA. Saliva samples were 
taken at the club and later tested for drug presence (see later). This 
report covers the 12 participants who gave positive MDMA re-
sults for the normal weekend and negative MDMA results for the 
abstinence weekend. The participants also agreed to limit their 
use of all other psychoactive drugs, both legal and illicit, during 
the 2 weekends and consented not to take any other stimulant 
drugs during the 2-week period of testing. They were asked to re-
frain from using ecstasy for a week prior to the study and to ab-
stain from all other drug use for at least 24 h before testing. Each 
participant also completed the University of East London drug 
use questionnaire for lifetime usage of recreational drugs  [44] , 
followed by a more detailed set of questions about Ecstasy/MDMA 
usage patterns  [45] .

  Temperature and Physical Activity 
 Body temperature was measured using a commercial TH-809 

infrared ear thermometer. Each participant was seated and in-
structed not to move until a constant temperature had been estab-
lished. Ambient temperature was recorded using a mercury ther-
mometer nearby. Physical activity was assessed by means of a pe-
dometer: the Yamax SW-200 Digi-Walker. Each participant set the 
pedometer to 0 after entering the club, and the cumulative activ-
ity reading was recorded at the end of the second test session.

  Subjective Self-Ratings 
 These were assessed using a 23-item self-rating questionnaire, 

covering 4 broad areas, with the questions derived from previous 

studies  [18, 43, 46] . The general activity questions included the 
extent of dancing, frequency of resting, and time spent drinking 
water and other fluids. The mood state questions covered normal 
feelings of excitement, happiness, relaxation, anxiety, depression, 
boredom, unpleasantness, clear-headedness, quick-wittedness, 
sociability and social withdrawal (note: the scales referred to nor-
mal moods and did not indicate the clinical/psychiatric status). 
The bodily symptom questions covered physical tiredness, im-
paired concentration, feeling energetic and memory problems. 
The temperature and thirst questions included feeling hot, feeling 
cold, hot and cold flushes, sweating and thirst. The responses 
were evaluated on a forced-choice scale with 5 alternatives: not at 
all, rarely, sometimes, frequently, all the time.

  Neuroendocrine and Drug Measures 
 These were assessed by saliva sampling. The samples were col-

lected using proprietary SaliCaps (IBL-Hamburg) made of ultra-
pure polypropylene which minimizes the absorption of analytes 
such as cortisol or testosterone. The samples were cooled in a re-
frigerator at 4   °   C within 4 h of collection and subsequently frozen 
for storage. The ortisol and testosterone levels were assessed using 
the commercial IBL-Hamburg test systems. The MDMA levels in 
saliva were quantified with a commercial kit based on ELISA 
technology (Cozart, UK). This competitive enzyme immunoas-
say is specific for MDMA/methamphetamine. Although it does 
not differentiate between methamphetamine and MDMA, none 
of our Ecstasy users reported that they had ever knowingly taken 
methamphetamine.

  Procedure 
 The participants were assessed in 2 groups, one in the order 

MDMA-abstinence and the other in the order abstinence-MDMA. 
This counterbalancing controlled for learning and fatigue effects. 
The normal clubbing (on-MDMA) and clubbing when abstinent 
(off-MDMA) sessions were held 1 week apart. Each week there 
were  5  test  sessions:  pre-drug,  1  h  after  drug  while  clubbing, 
2.5 h after drug while clubbing, 2 days later and 4 days later. The 
pre-drug baseline was at the experimenter’s house in the early 
evening, around 30–60 min before going to the dance club venue. 
The post-drug sessions at the dance club were conducted at a pre-
arranged  venue  in  the  club,  between  the  hours  of  11  p.m. and 
2 a.m. The last 2 sessions took place either at the experimenter’s 
or volunteer’s home. At the dance club, each participant was al-
located a specific time to be tested, with the data collection being 
undertaken by 2 experimenters. Each participant was assessed at 
approximately the same time both weekends, in order to control 
for potential circadian influences. The test sessions normally took 
around 5 min to complete, although this could take up to 15 min 
when saliva production was difficult. The order of testing was 
held constant at every session: ear temperature, ambient temper-
ature, self-rating questionnaire and saliva sampling. 

  Ethical Permission 
 The study protocol followed the principles of the Helsinki 

Agreement and was passed by the ethics committee. Each par-
ticipant was required to sign a written agreement before the study 
commenced. This noted that each volunteer was free to withdraw 
at any time without giving any reason and that they had the op-
tion of not answering a question if they so wished (1 participant 
withdrew after completing 3 sessions, and her incomplete data 
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were discarded; this reduced the original sample size of 13, to the 
12 reported here). The agreement form stated that neither the 
University nor the experimenter condoned the use of illicit drugs 
and that the study should not be seen as providing approval or 
encouragement for the use of Ecstasy/MDMA or any other illegal 
drugs. The form also provided the contact details of the research-
er. Website addresses and telephone numbers for drugs informa-
tion lines were provided: www.talktofrank.com, www.substance-
misuse.com and Frank telephone: 0800 77 66 00. These provided 
a useful source of advice for drug-related problems and general 
drug issues. Throughout each test session, the data collectors 
maintained close links with the participants, in order to infor-
mally monitor their general well-being. No incidents arose which 
required their intervention. Following the study completion, in-
formal feedback sessions were arranged.

  Statistical Analysis 
 Each dependent variable was analyzed using 2-way repeated 

measures ANOVA with drug (2 levels) and test session (5 levels) as 
the 2 factors. Violations of sphericity were automatically adjusted 
using Greenhouse-Geisser corrections. The 2-way ANOVA was 
followed by a series of paired comparisons between the on- and 
off-MDMA conditions for each time point; values for p  !  0.01 or 
above are highlighted in  table 1 , in order to account for Bonfer-

roni corrections (with 5 paired comparisons between the sessions). 
The on- and off-MDMA conditions were each analyzed separate-
ly by 1-way ANOVA, with test session or time as the repeated mea-
sures factor ( tables 1  and  2 ). They were followed by paired com-
parison tests for difference scores for each post-drug test session 
compared to baseline, which were automatically corrected for 
multiple comparisons. Spearman rank-order correlations were 
performed between MDMA levels, cortisol values and the other 
dependent variables, for each dance club session. Testosterone cor-
relations were not tested due to the mixed-gender sample. All the 
statistics were calculated using SPSS. All probability levels are 2-
tailed, with exact statistical significance levels being presented. 
The group data are shown as means and standard deviations.

  Results 

 Drug Usage 
 The self-reported mean lifetime usage of Ecstasy/

MDMA was 56 occasions, with a range of 6–150. The 
mean duration of Ecstasy/MDMA use was 2.3 years, with 
10 participants reporting 1–3 years, the other 2 durations 

Table 1. Neuroendocrine and thermal assessments for 12 recreational Ecstasy/MDMA users before, during and after dance clubbing

Assessed 
measure

MDMA 
status

Pre-drug 
(1)

1 h 
after drug 
(2)

2.5 h 
after drug 
(3)

2 days 
after drug 
(4)

4 days 
after drug 
(5)

p value 
ANOVA 
(session 
effects)

Paired comparison with baseline
p value

2 vs. 1 3 vs. 1 4 vs. 1 5 vs. 1

Cortisol on drug 0.2880.29 0.9180.53 2.1981.15 0.4880.66 0.3680.46 <0.001 <0.001 <0.001 0.112 0.254
off drug 0.2180.14 0.2580.18 0.3680.41 0.3880.37 0.2480.23 0.366 0.563 0.197 0.160 0.678

Testosterone on drug 43.08832.00 71.33847.66 66.08848.69 43.17822.57 55.00834.39 0.075 0.004 0.041 0.991 0.299
off drug 47.75843.40 42.92841.79 42.33834.23 51.75866.67 40.75828.50 0.758 0.531 0.501 0.746 0.636

Body 
temperature

on drug 36.7480.29 36.7580.32 36.8980.29 36.7380.18 36.6280.16 0.233 0.956 0.324 0.930 0.082
off drug 36.8380.25 36.6880.22 36.6480.32 36.4380.61 36.5080.68 0.194 0.109 0.010 0.072 0.161

Ambient 
temperature

on drug 21.4682.13 22.6781.67 23.5080.52 22.3381.23 20.1381.45 0.001 0.16 0.007 0.255 0.160
off drug 21.7582.68 23.1781.19 23.1781.03 20.8882.45 20.7581.77 0.029 0.103 0.015 0.502 0.351

Feeling 
hot

on drug 2.0881.17 2.4281.08 3.7580.87 1.8381.03 1.9281.00 <0.001 0.394 <0.001 0.515 0.615
off drug 2.5081.09 2.5081.17 3.0081.35 2.0080.85 2.2580.87 0.239 1.000 0.377 0.139 0.571

Feeling 
cold

on drug 2.6781.37 2.3381.23 2.3380.65 2.0881.31 2.5881.31 0.373 0.474 0.305 0.111 0.674
off drug 2.7581.42 1.9280.79 1.5880.67 2.3381.16 2.5081.38 0.058 0.085 0.012 0.269 0.389

Hot/cold 
flushes

on drug 1.5880.79 2.4281.08 3.1781.27 1.3380.89 1.1780.39 0.001 0.075 <0.001 0.515 0.096
off drug 1.5881.00 1.5880.67 1.2580.45 1.1780.39 1.0080.00 0.061 1.000 0.266 0.096 0.067

Feeling 
thirsty

on drug 3.0880.67 3.2581.14 3.6781.07 2.9280.90 3.1780.94 0.297 0.551 0.131 0.339 0.777
off drug 3.1780.84 3.0881.24 3.1781.19 2.9281.08 2.5880.79 0.295 0.674 1.000 0.389 0.089

Sweating on drug 1.5880.79 2.2581.14 3.5081.00 1.4280.52 1.2580.45 <0.001 0.071 <0.001 0.438 0.166
off drug 1.5080.52 1.8380.84 2.7581.22 1.4280.67 1.5880.79 0.005 0.339 0.003 0.723 0.754

Each participant was assessed on self-administered MDMA and off MDMA, over counterbalanced weekends at the same club venue. Figures are 
group means 8 standard deviations. ANOVA session effect (Greenhouse-Geisser) and paired comparisons with pre-drug baseline are shown. Values 
represent degrees Celsius (body and ambient temperature), microgrammes/decilitre (cortisol), picogrammes/millilitre (testosterone) and 1–5 self-ratings 
(mood scales).
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being 6 months and 10 years. The average number of tab-
lets usually taken per occasion was 2.3, with a range of 
1–3. The largest number of ecstasy tablets on 1 occasion 
ranged from 2 tablets for the most novice user to 10 for 

the   most   experienced   lifetime   user;   the   median   being   

5 tablets. In terms of other drug usage, 10 participants 
had previously taken cocaine (mean = 26.2 occasions for 
the users), 11 had used psilocybin ‘magic’ mushrooms 

Table 2. Self-rated activities and mood states for 12 recreational Ecstasy/MDMA users before, during and after dance clubbing

Assessed 
measure

MDMA 
status

Before drug 
(1)

1 h 
after drug 
(2)

2.5 h 
after drug 
(3)

2 days 
after drug 
(4)

4 days 
after drug 
(5)

p value 
ANOVA 
(session 
effects)

Paired comparison with baseline
p value

2 vs. 1 3 vs. 1 4 vs. 1 5 vs. 1

Time 
dancing

on drug 1.2580.62 3.4281.00 4.3380.49 1.0080.00 1.0880.29 <0.001 <0.001 <0.001 0.191 0.166
off drug 1.0080.00 2.8380.94 4.0081.35 1.0880.29 1.1780.58 <0.001 <0.001 <0.001 0.339 0.339

Time
resting

on drug 3.6781.07 2.5881.17 2.0080.85 4.0880.90 3.6781.07 0.001 0.059 0.006 0.175 1.000
off drug 3.4281.17 3.0081.04 2.0081.21 3.9281.00 3.5881.00 <0.001 0.137 0.003 0.111 0.504

Time 
drinking

on drug 3.0080.74 2.9280.90 3.2581.14 2.6781.07 2.7580.87 0.564 0.820 0.586 0.457 0.491
off drug 2.4280.79 3.0881.00 2.5081.17 3.1780.84 2.7581.06 0.205 0.087 0.851 0.056 0.417

Depressed on drug 1.6780.78 1.0880.29 1.2580.62 1.8380.84 1.6780.65 0.022 0.027 0.137 0.586 1.000
off drug 1.7580.87 1.7580.87 1.7581.06 1.5880.90 1.6780.78 0.885 1.000 1.000 0.504 0.674

Quick-
witted

on drug 2.9280.90 2.6780.99 2.6781.07 2.8380.58 2.5880.90 0.798 0.429 0.571 0.777 0.166
off drug 3.0081.13 3.0080.95 3.0080.85 3.1780.94 2.8380.72 0.742 1.000 1.000 0.586 0.504

Excited on drug 2.8380.94 3.7580.87 4.0080.74 2.2580.75 2.1780.84 <0.001 0.034 0.001 0.067 0.013
off drug 2.5080.67 3.0881.08 3.3381.16 3.0881.08 2.6781.16 0.160 0.189 0.085 0.111 0.586

Socially 
withdrawn

on drug 1.5080.67 1.3380.65 1.3380.65 1.8380.84 2.0080.95 0.076 0.615 0.586 0.220 0.139
off drug 1.2580.45 1.6780.65 1.5880.79 1.7580.97 1.5080.67 0.398 0.054 0.166 0.166 0.275

Anxiety on drug 1.9280.79 1.5880.67 1.4280.67 1.6780.89 1.5080.52 0.403 0.368 0.191 0.429 0.137
off drug 2.0081.21 1.9280.67 1.6780.49 1.8381.12 2.0881.17 0.624 0.809 0.339 0.504 0.723

Sociability on drug 3.6780.65 4.3380.65 4.4280.79 3.4280.79 3.0081.13 0.002 0.039 0.056 0.389 0.120
off drug 3.7581.06 3.8381.27 3.8381.27 3.8380.94 3.0080.74 0.121 0.809 0.809 0.838 0.021

Boredom on drug 2.3380.89 1.5080.67 1.2580.45 2.3380.89 2.2580.97 0.004 0.054 0.003 1.000 0.845
off drug 2.7581.06 2.2580.97 2.5081.09 2.3380.89 2.6781.30 0.551 0.166 0.555 0.054 0.820

Clear- 
headed

on drug 3.5881.08 3.1781.12 2.9281.00 3.4281.17 3.0081.28 0.371 0.269 0.120 0.615 0.189
off drug 3.2581.14 3.8381.03 4.0881.08 3.5081.17 3.6780.78 0.054 0.131 0.005 0.191 0.137

Relaxed on drug 3.9280.67 3.9281.17 4.1781.19 3.9280.90 3.5880.90 0.590 1.000 0.536 1.000 0.266
off drug 3.9280.79 3.6781.07 4.1780.72 3.8381.19 3.7581.22 0.610 0.586 0.463 0.754 0.658

Unpleasant on drug 1.3380.49 1.3380.65 1.1780.39 1.8380.58 1.7580.87 0.082 1.000 0.339 0.053 0.210
off drug 1.6780.65 1.6780.65 1.7581.14 1.6780.65 1.5880.79 0.946 1.000 0.838 1.000 0.674

Happiness on drug 3.6780.65 4.0081.04 4.4280.52 3.6780.65 3.1780.84 0.012 0.220 0.005 1.000 0.166
off drug 3.7580.87 3.9280.90 3.8380.94 3.6780.78 3.5880.67 0.710 0.658 0.838 0.754 0.438

Tired on drug 2.5080.52 1.5080.80 2.2581.14 3.1780.94 3.7580.75 <0.001 0.004 0.389 0.025 <0.001
off drug 2.8381.03 2.4281.00 3.0880.90 2.6780.89 2.7580.75 0.281 0.269 0.463 0.615 0.809

Impaired 
concentration

on drug 2.1780.94 2.6781.30 2.6781.30 2.8380.84 2.5881.31 0.501 0.256 0.256 0.136 0.318
off drug 2.6781.07 2.1781.27 2.0081.13 2.2581.06 2.5081.00 0.146 0.111 0.005 0.096 0.586

Energy on drug 2.5881.00 3.5881.08 4.0080.74 2.0880.67 2.0880.90 <0.001 0.053 0.002 0.139 0.053
off drug 2.3380.78 3.0881.00 3.2581.06 2.8381.03 2.3380.89 0.076 0.095 0.050 0.082 1.000

Memory on drug 1.9280.90 1.5080.80 2.0080.95 2.2581.22 2.4281.24 0.176 0.241 0.809 0.368 0.191
off drug 2.5881.08 2.3381.44 1.9281.31 2.1781.12 2.0880.79 0.260 0.389 0.013 0.175 0.053

Each participant was assessed on self-administered MDMA and off MDMA, over counterbalanced weekends at the same club venue. Figures are 
group means 8 standard deviations. ANOVA session effect (Greenhouse-Geisser) and paired comparisons with pre-drug baseline are shown. Values 
represent 1–5 self-ratings (mood scales).
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(mean = 8.3 occasions for users), 11 had utilized amyl ni-
trite inhalers or ‘poppers’ (mean = 18.1 occasions for us-
ers), and 7 had previously taken amphetamine (mean = 
6.6 occasions for users). None of the group reported hav-
ing ever used opiates,  � -hydroxybutyrate, solvents or an-
abolic steroids. Three participants reported having uti-
lized ketamine (on 1, 5 and  1 5 occasions); 3 had used 
benzodiazepines/barbiturates (on 3, 10 and  1 10 occa-
sions), and 2 had taken LSD (1 and  1 10 times). Eight of 
the sample were tobacco smokers (mean = 48 cigarettes/
week; range = 4–100). Cannabis was consumed by 11 of 
the participants, generally at moderate levels (i.e. occa-
sional/regular rather than heavy/dependent smoking). 

Every participant reported alcohol drinking, with the 4 
females indicating an average of 17 units of alcohol/week 
(range = 10–28), and the 8 males mentioned an average of 
46 units of alcohol/week (range = 10–70). 

  The saliva analyses showed that all 12 participants 
who signed up for the study were free from MDMA when 
dance clubbing during abstinence, since all values were 0 
at both the 1- and 2.5-hour (off-MDMA) sessions. The 
values were also zero 2 and 4 days later. The saliva tests 
confirmed that all 12 participants were positive for 
MDMA during the on-Ecstasy dance club sessions. At 
the 1-hour session, the group mean MDMA value was 
1,524 ng/ml (range = 74–7,025), while at the 2.5-hour ses-

Table 3. Summary of 2-way ANOVA findings (Greenhouse-Geisser corrections)

Measure 2-way ANOVA Paired t test comparison between MDMA and abstinence weekend

drug 
(d.f. = 1)

time 
(d.f. = 4)

drug ! time 
interaction 
(d.f. = 4)

before
drug 
(1)

1 h 
after drug 
(2)

2.5 h 
after drug 
(3)

2 days 
after drug
(4)

4 days 
after drug
(5)

Cortisol <0.001 <0.001 <0.001 0.341 <0.001 <0.001 0.619 0.130
Testosterone 0.075 0.543 0.083 0.537 0.008 0.066 0.608 0.069
Body temperature 0.170 0.198 0.202 0.408 0.588 0.088 0.085 0.505
Ambient temperature 0.682 0.001 0.287 0.758 0.410 0.104 0.110 0.394
Steps completed 0.619 n/a n/a n/a n/a n/a n/a n/a
Time dancing 0.118 <0.001 0.240 0.191 0.012 0.438 0.339 0.674
Time resting 0.923 <0.001 0.623 0.463 0.210 1.000 0.551 0.820
Time drinking 0.232 0.749 0.135 0.089 0.615 0.095 0.236 1.000
Depressed 0.397 0.384 0.099 0.754 0.025 0.214 0.536 1.000
Quick-witted 0.039 0.606 0.945 0.795 0.266 0.266 0.368 0.389
Excited 0.779 <0.001 0.011 0.305 0.136 0.120 0.010 0.214
Socially withdrawn 0.803 0.146 0.228 0.339 0.266 0.463 0.845 0.111
Anxiety 0.209 0.233 0.773 0.857 0.220 0.389 0.701 0.152
Sociability 0.610 0.002 0.202 0.845 0.166 0.171 0.295 1.000
Boredom 0.014 0.014 0.157 0.339 0.056 0.006 1.000 0.269
Clear headed 0.008 0.795 0.076 0.368 0.054 0.012 0.845 0.054
Relaxed 0.883 0.425 0.872 1.000 0.536 1.000 0.866 0.701
Unpleasant 0.144 0.541 0.209 0.039 0.220 0.111 0.586 0.504
Happiness 0.799 0.019 0.262 0.777 0.851 0.046 1.000 0.096
Tired 0.668 <0.001 0.002 0.417 0.020 0.117 0.275 0.020
Impaired concentration 0.235 0.837 0.099 0.166 0.214 0.071 0.152 0.820
Energy 0.555 0.002 0.006 0.191 0.053 0.069 0.043 0.463
Memory 0.362 0.448 0.088 0.025 0.107 0.862 0.674 0.305
Hotness 0.817 0.001 0.220 0.339 0.838 0.145 0.638 0.339
Coldness 0.308 0.115 0.168 0.809 0.210 0.021 0.491 0.777
Flushes 0.001 <0.001 0.003 1.000 0.044 0.001 0.438 0.166
Sweating 0.394 <0.001 0.182 0.777 0.339 0.169 1.000 0.166
Thirst 0.290 0.230 0.406 0.754 0.551 0.256 1.000 0.189

Drug (2) = On and off MDMA; time/session (5) = pre-drug baseline, 1 and 2.5 h after drug while dance clubbing, 2 and 4 days af-
ter drug. Significance of within-subject effects given as a p value (level of significance indicated in italics); for the paired comparison, 
<1% is considered significant to account for the Bonferroni correction. n = 12 in each case. The number of steps completed was over 
the total time using a pedometer and therefore, the significance was measured with a paired t test.
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sion, it was 3,447 ng/ml (range = 396–17,166). The pre-
MDMA baseline values were all 0, but 3 of the day 2 val-
ues were positive, although at very low levels (34, 55 and 
138  ng/ml), and 2 of the day 4 values were also positive, 
1 at a higher level (138 and 5,254 ng/ml). This latter value 
was similar to the one for that participant 4 days earlier 
2.5 h after taking MDMA (5,681 ng/ml), and suggests 
that Ecstasy/MDMA may have been taken on day 4. This 
particular participant also showed a residual value for the 
pre-abstinence baseline 3 days later (24 ng/ml), although 
all the other abstinence condition values were 0. Since 
this participant was free from MDMA when dance club-
bing during the abstinence condition, the data were re-
tained within the study. 

  Neuroendocrine Measures 
 The cortisol and testosterone findings are presented in 

 tables 1  and  3  and  figure 1 . The cortisol levels demon-
strated a significant 2-way ANOVA drug effect (p  !  
0.001), session effect (p  !  0.001) and drug by session in-
teraction (p  !  0.001;  table 3 ). Post-hoc comparison tests 
revealed that the cortisol levels differed significantly be-
tween the on- and off-MDMA conditions, at the 1- (p  !  
0.001) and the 2.5-hour post-drug sessions (p  !  0.001; 
 table     3 ).     These     differences     between     the    drug    condi-
tions reflected the very strong rise in cortisol following 
MDMA, with a significant increase 1 h after MDMA (p  !  

0.001) and 2.5 h after MDMA (p  !  0.001;  table 1 ). These 
values indicated increases over baseline of around 300% 
at 1 h and around 800% after 2.5 h on MDMA ( fig. 1 , 
 table 1 ). In the MDMA abstinence condition, the cortisol 
values did not change significantly over time, although 
the mean cortisol value increased by around 70%, ( ta-
ble 1 ;  fig. 1 ). The testosterone levels showed no significant 
2-way ANOVA effects, although drug (p  !  0.10) and time 
(p  !  0.10) were statistically borderline. Post-hoc compar-
ison tests revealed significantly higher testosterone 1 h 
after MDMA compared to MDMA abstinence (p = 0.008), 
while the difference in testosterone at the 2.5-hour ses-
sion was statistically borderline (p = 0.066;  table 3 ). The 
1-way ANOVA session effect for testosterone was border-
line for the MDMA condition (p = 0.075). In the paired 
comparisons with baseline, there were significant in-
creases in testosterone 1 h after MDMA (p = 0.004) and 
2.5 h after MDMA (p = 0.041); these values reflected per-
centage increases of around 80 and 60% respectively.

  Thermal Aspects 
 The objective and subjective thermal assessment mea-

sures are presented in  tables 1  and  3  and  figure 2 . Body 
temperature showed a slight tendency to rise after taking 
MDMA and to fall slightly in the abstinence condition 
( fig. 2 ,  table 1 ). The group mean temperature increase of 
0.15   °   C after 2.5 h on MDMA was non-significant, where-
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  Fig. 1.  Cortisol ( a ) and testosterone ( b ) levels for 12 recreational Ecstasy/MDMA users before, during and after 
dance clubbing. Each participant was assessed on self-administered MDMA and off MDMA over counterbal-
anced weekends at the same dance club. Significance levels are comparisons with pre-drug baseline. Means and 
standard error bars. Times are approximate with a 10% variability.  *  p ! 0.05;  *  *  p ! 0.01;  ** *  p ! 0.001.
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as the decrease of 0.19   °   C after 2.5 h of abstinence from 
MDMA was significant (p  !  0.010,  table 1 ). The paired 
comparison test between the on- and off-MDMA condi-
tions, at the 2.5-hour clubbing session, was statistically 
borderline (p = 0.088;  table 3 ). However these change 
scores partially reflect the higher baseline values for the 
abstinence condition ( fig. 2 ,  table 1 ). Ambient tempera-
ture showed a significant 2-way ANOVA session effect 
(p  !  0.001). This was also evident in the 1-way ANOVAs, 
where session was significant for both the on- (p  !  0.001) 
and the off-MDMA conditions (p = 0.029). These values 
reflected the significant increase in ambient temperature 
at the second dance club session, under both drug condi-
tions ( table 1 ,  fig. 2 ).

  Hot and cold flushes demonstrated a significant 2-way 
ANOVA drug (p  !  0.001), session (p  !  0.001) and drug by 
session interaction effect (p  !  0.003;  table 3 ). This reflected 
the significantly higher levels of hot and cold flushes 1 h 
after MDMA (p = 0.044) and 2.5 h after MDMA (p  !  0.001; 
 table 3 ).  Figure 2  shows that there were no changes in hot 
and cold flushes in the MDMA abstinence condition. The 
significant effect of acute MDMA on hot and cold flushes 
was confirmed in the paired comparisons with baseline. 
Here there was a borderline increase in hot and cold flush-
es 1 h after MDMA (p  !  0.075) and a significant increase 
2.5 h after MDMA (p  !  0.001) but no equivalent increases 
when off MDMA ( table 1 ). The self-rated levels of feeling 
hot showed a significant 2-way ANOVA session effect (p  !  
0.001;  table 3 ). The 1-way ANOVA for the on-MDMA con-
dition also revealed a significant session effect (p  !  0.001), 
with the paired comparisons indicating that this was due 
to a significant increase in feeling hot 2.5 h after MDMA 
self-administration (p  !  0.001;  fig. 2 ;  table 1 ). The self-rat-
ed levels of feeling cold showed no significant ANOVA ef-
fects. However post-hoc tests found that feeling cold was 
significantly reduced under MDMA abstinence at the 2.5-
hour clubbing session ( fig. 2 ;  table 1 ). Feeling thirsty dem-
onstrated no significant ANOVA effects ( tables 1  and  3 ). 
The self-rated levels of sweating showed significant session 
effects, in the 2-way (p  !  0.001;  table 3 ) and the 1-way 
ANOVAs for both the on- (p  !  0.001) and off-MDMA con-

ditions (p  !  0.005;  table 1 ). Post-hoc tests revealed that    

these    reflected    an     increase     in     sweating     at     the     2.5-hour 
clubbing session, when on (p  !  0.001) and off MDMA (p = 
0.003;  table 1 ).

  Physical Activity 
 The pedometer scores indicated that there was no dif-

ferences in physical activity between the on- and off-
MDMA dance club sessions (p = 0.619;  table 3 ). The self-
rated levels of dancing showed a significant 2-way ANO-
VA session effect (p  !  0.001;  table 3 ). A significant session 
effect was also evident in the 1-way ANOVAs, both for 
the on- (p  !  0.001) and the off-MDMA conditions (p  !  
0.001;  table 2 ). The paired comparison tests showed that 
this reflected a significant increase in dancing at the 1- 
and 2.5-hour dance clubbing sessions, for both the on- 
and off-MDMA conditions (all values p  !  0.001;  table 2 ). 
An opposite pattern was found for the self-rated levels of 
resting, with significant 1- and 2-way ANOVA session ef-
fects (all p  !  0.001) and significant reductions in the 
amount of time spent resting, at both of the dance club 
sessions, whether on or off MDMA ( tables 2  and  3 ).

  Mood States 
 The ANOVA mood state findings are presented in  ta-

bles 2  and  3 . Significant 2-way ANOVA session effects 
were present for feelings of excitement (p  !  0.001), energy 
(p  !  0.002), tiredness (p  !  0.001), boredom (p  !  0.014), 
sociability (p  !  0.002) and happiness (p  !  0.019;  table 3 ). 
Significant 2-way ANOVA drug effects were shown for 
feelings of clearheadedness (p  !  0.008), quick-wittedness 
(p  !  0.039) and boredom (p  !  0.014;  table 3 ). The drug by 
session interaction was significant for feelings of energy 
(p  !  0.006), tiredness (p  !  0.002) and excitement (p  !  
0.011;  table 3 ). The general pattern was for mood improve-
ments at the club after MDMA compared to baseline. 
Hence after MDMA there were significant increases in 
self-rated excitement (1 and 2.5 h), lessened feelings of de-
pression (1 h), reduced tiredness (1 h), greater socia bility 
(1 h), reduced boredom (2.5 h), greater happiness (2.5 h) 
and greater energy (2.5 h;  table 2 ). In the MDMA absti-
nence condition, there were 3 significant changes com-
pared to baseline, with greater clearheadedness and re-
duced levels of memory problems and concentration dif-
ficulties (all 2.5 h;  table 2 ). Turning to the mood state 
comparisons between the on- and off-MDMA conditions 
at the 2 clubbing sessions, most of these were non-signifi-
cant, with moods generally improving under both drug 
conditions ( table 3 ), although there were significant dif-
ferences in feelings of depression and boredom. Self-rated 

  Fig. 2.  Body temperature and thermal self-ratings for 12 recre-
ational Ecstasy/MDMA users before, during and after dance 
clubbing. Each participant was assessed on self-administered 
MDMA and off MDMA over counterbalanced weekends at the 
same dance club. Significance levels are comparisons with pre-
drug baseline. Means and standard error bars. Times are approx-
imate with a 10% variability.  *  p ! 0.05;  *  *  p ! 0.01; ** *  p ! 
0.001  . 
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depression was significantly lower 1 h after MDMA com-
pared to abstinence (p = 0.025), while self-rated boredom 
was significantly lower 2.5 h after MDMA compared to 
abstinence (p = 0.006;  table 3 ). Turning to the recovery 
period, the self-rated levels of tiredness were significantly 
higher 2 (p  !  0.025) and 4 days after MDMA (p  !  0.001). 
Feelings of excitement were significantly reduced 4 days 
after MDMA (p  !  0.013). Self-rated sociability was re-

Table 4. Psychobiological health changes attributed to recreation-
al MDMA: participants listed according to lifetime Ecstasy us-
age

Lifetime usage/gender Psychobiological/health changes attrib-
uted to Ecstasy/MDMA

6 6 occasions/female After a very heavy(ish) month, experi-
enced very heavy/strong pre-menstrual 
tension – depressed, moody and angry, 
much more than normal

6 8 occasions/male Mood fluctuations and anxiety 1–2 days 
after; tired for 1 week

615 occasions/female Short-term mild depression for 2–3 days 
after taking Ecstasy; worth it

615 occasions/male Do not feel 100% next day, quite tired, 
watched a lot of TV

615 occasions/male Twitches/brain flashes a few days after 
use

620 occasions/female Mood swings, memory problems, disor-
dered memory

620 occasions/male Slight depression next day

650 occasions/male Chapped lips; memory problems; mild 
hallucinations after sustained use

680 occasions/female Occasional – memory, depressed, mood 
fluctuations, loss of sleep, headache, loss 
of appetite, stomach ache – up to 4 days 
after event

0150 occasions/male No health problems; weight loss, detesta-
tion of food in the immediate period fol-
lowing (and in anticipation of) nights on 
Ecstasy; despite feeling mellow the day
after, can have depressed moods 2 days
or more after for 1–2 days; not sure,
but memory loss has been remarked by 
friends and workmates 

0150 occasions/male Major memory problems; feel pretty 
dosile (sic) on a come-down

0150 occasions/male Mood problems up to a week later – de-
pression; crap memory

duced 4 days after the abstinence session (p  !  0.021), al-
though it should be noted that the mean sociability score 
was identical to the equivalent post-MDMA value (the on-
MDMA value showed greater variance, and this will have 
contributed to its lower significance;  table 2 ).

  Spearman Correlations 
 The cortisol levels correlated significantly with self-

reported hot and cold flushes at the first dance club ses-
sion (r = +0.88, p = 0.001), while cortisol was also posi-
tively associated with the time spent drinking at this first 
session (r = +0.59, p = 0.044); the time spent drinking also 
correlated positively with hot and cold flushes (r = +0.57, 
p = 0.051) and with ‘feeling thirsty’ (r = +0.77, p = 0.003). 
This cluster of positive inter-correlations was however 
not repeated at the second dance club session, since none 
of the relationships between cortisol and the other depen-
dent variables was significant. The MDMA saliva levels 
at the first dance club session were positively associated 
with feeling thirsty (r = +0.63, p = 0.028). MDMA at the 
second dance club session correlated inversely with feel-
ing anxious (r = –0.72, p = 0.008) and hot and cold flush-
es (r = –0.68, p = 0.016). None of the other MDMA or 
cortisol associations was significant.

  Health and Psychobiological Changes 
  Table 4  lists the adverse health and other psychobio-

logical changes attributed to Ecstasy/MDMA. Every par-
ticipant noted at least 1 problem, although their nature 
tended to alter in parallel with lifetime usage. Those who 
had taken MDMA on less than 20 occasions complained 
of mood swings and tiredness in the post-MDMA recov-
ery period. One female noted that her premenstrual ten-
sion was exacerbated, whereas another of the novice users 
stated that the mild depression which followed MDMA 
was ‘worth it’. Poor memory was not noted by any of the 
5 novice users, whereas 6 of the 7 more experienced users 
(20 or more lifetime occasions) complained of memory 
problems ( table 4 ). Other psychobiological difficulties 
mentioned by these more experienced users included de-
pressed mood states, loss of sleep and food/appetite is-
sues.

  Discussion 

 Original Design Aspects 
 This is the first study to empirically compare dance 

clubbers when they have taken MDMA, with the same 
clubbers over a weekend of MDMA abstinence. The im-
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portance of this design is that it allowed the environmen-
tal aspects which surround recreational ecstasy use to be 
held constant, while varying the central factor of MDMA 
usage. Furthermore under the abstinence condition, each 
participant danced at their normal club venue, with the 
same group of friends. The levels of dancing each week 
were also very similar, as measured by both self-report 
and pedometer ( table 3 ). The aim of keeping social and 
environmental factors constant across conditions was 
therefore largely achieved. The biochemical analyses also 
confirmed that every participant was on MDMA during 
the on-drug weekend, and that they were free from 
MDMA while clubbing during abstinence. The ELISA 
saliva sample analysis procedures we used have been 
demonstrated to be highly sensitive. In a laboratory study, 
Laloup et al. (2005) reported a sensitivity of 98.6% for 
ELISA saliva analyses from human volunteers given acute 
doses of 75 and 100 mg of MDMA. 

  Neuroendocrine Changes 
 The cortisol levels showed a highly significant increase 

of 800% following Ecstasy/MDMA, compared to pre-
drug baseline values ( table 1 ; p  !  0.001,  fig. 1 ). This is the 
first study to investigate cortisol in dance using clubbers, 
and the extent of this cortisol increase was much greater 
than expected. Laboratory studies have found a signifi-
cant increase in cortisol following acute MDMA  [23–28, 
39] , but the maximal percentage increase they reported 
was around 150%. One possible reason for the far larger 
rise observed in the present study was that the drug was 
being taken by physically active dancers. The self-rated 
levels of dancing were significantly increased at both 
dance club sessions, when on and off MDMA ( table 1 ), 
and the non-significant increase in cortisol of 70% in our 
abstinent dance clubbers may reflect this physical activ-
ity ( fig. 1 ). One of the primary roles of the HPA axis is to 
prepare the body for physical action so that cortisol is of-
ten characterized as a ‘general activity’ hormone  [47] . 
Cortisol is thus released during sports and other physical 
activities, and the degree of increase correlates with the 
intensity and duration of exercise  [48, 49] , although we 
have not found any study reporting an acute cortisol in-
crease which approaches 800%. For instance, Davis et al. 
 [48]  monitored 12 experienced and 7 naïve young healthy 
males who cycled ‘to exhaustion’ on a laboratory ergom-
eter. After undergoing this extreme physical stressor the 
experienced subjects demonstrated a 59% increase in 
cortisol, whereas the naïve volunteers showed a 138% 
rise. In a unique study of students at a ‘pre-Ecstasy’ disco 
dance club, with loud music and bright psychedelic lights 

for around 5 h: ‘an increase in urinary excretion of corti-
sol … was observed in most of the subjects during their 
presence in the discotheque’  [84] ; this possibly suggests a 
similar magnitude of neuroendocrine change to the ab-
stinence condition here.

  The large 800% cortisol rise in our dance clubbers 
when on MDMA ( fig. 1 ) may therefore reflect the com-
bined or  interactive  effects of drug stimulation and phys-
ical activity. This hypothesis needs to be further investi-
gated. In particular, future studies should focus on the 
cortisol effects of MDMA in active dance clubbers versus 
more sedentary users. We have confirmed an 800% cor-
tisol increase in a more recent study of recreational Ec-
stasy/MDMA users  [85] , but although they were at a ‘cool’ 
house party, dancing was frequent, and a significant in-
crease in body temperature was also found. In the present 
study, the Spearman correlations for the first dance club 
session demonstrated a positive association between sa-
liva cortisol and hot and cold flushes (r = +0.88, p = 0.001), 
also with time spent drinking (r = +0.59, p = 0.044). This 
may indicate a common factor of thermal and fluid con-
trol, with HPA axis neuroendocrine activity. However 
the finding should be treated with caution, since it was 
not repeated at the second dance club session. In addition 
the sample size was very small, and a large number of cor-
relations were being performed. These and other poten-
tial individual difference factors need to be investigated 
more fully in future studies. Cortisol is influenced by cir-
cadian or time-of-day factors, with a strong peak 1–2 h 
after waking, followed by comparatively low levels over 
the rest of the day  [50] . In this study the circadian factor 
was well controlled, with times of testing very similar be-
tween the 2 drug conditions. Future studies could how-
ever investigate the complete 24-hour profiles of Ecstasy 
users. Finally, it may be noted that the current findings 
show that cortisol does not necessarily indicate negative 
psychological ‘stress’, since the marked rise in cortisol 
was accompanied by feelings of excitement, happiness 
and reduced anxiety ( table 2 ). This is consistent with cor-
tisol primarily being an energizing hormone  [47] . 

  The testosterone levels rose significantly following 
acute MDMA, whereas they were unchanged under 
MDMA abstinence ( table 1 ;  fig. 1 ). We believe that this is 
the first study to investigate testosterone changes under 
Ecstasy/MDMA, since a literature search revealed no 
previous empirical research involving either humans or 
laboratory animals. The acute increase in testosterone is 
consistent with Ecstasy’s street name as the ‘love drug’  [5, 
11, 13]  and ‘love pill’ attributed to the pharmacologically 
similar methylenedioxyamphetamine  [51] . Sexual inter-

D
ow

nloaded from
 http://w

w
w

.karger.com
/nps/article-pdf/57/4/165/3256815/000147470.pdf by guest on 19 April 2024



 Parrott   /Lock   /Conner   /Kissling   /Thome   

 

Neuropsychobiology 2008;57:165–180176

course tends to be prolonged by the ring-substituted am-
phetamine derivatives MDMA and methylenedioxyam-
phetamine, with orgasm and ejaculation being delayed. 
Hence many recreational users state that ecstasy/MDMA 
is beneficial for sex, although others described it more as 
a sensual than a sexual drug  [13, 14, 52] . Since MDMA 
increases cortisol ( fig. 1 ), an acute rise in other cortico-
trophic hormones such as testosterone might be expected 
( fig. 2 ), given the close inter-relationship between the 
HPA and hypothalamic-pituitary-gonadal axes  [50] . The 
present study showed a slight rebound for increased tes-
tosterone mid-week ( fig. 1 ). Although this was statistical-
ly non-significant, it may relate to the significant mid-
week aggression noted in  some  ecstasy users  [17, 18] . Fu-
ture studies should assess these hormonal and mood/
aggression changes in parallel. The current neuroendo-
crine findings were also analyzed with gender as an 
ANOVA factor, although they should be treated with cau-
tion given the small number of participants. Gender had 
minimal influence on the cortisol ANOVA results, which 
showed very similar patterns for males and females. With 
the testosterone data, there was a significant interaction 
between gender and time, although their different pat-
terns of change over the 5 time points did not fit any clear 
pattern, so that as with the cortisol findings, males and 
females both showed marked increases in testosterone af-
ter MDMA. Future studies should however investigate 
the influence of gender in larger representative samples. 
It would also be illuminating to clarify the effects of 
MDMA on ‘female’ sex hormones such as progesterone.

  Thermal Aspects 
 There was a slight (non-significant) increase in mean 

body temperature 2.5 h after MDMA of 0.15   °   C, whereas 
in the equivalent abstinence condition the mean body 
temperature  was  significantly reduced by 0.19   °   C ( ta-
ble 1 ). These difference scores may partially reflect the 
slightly higher (although non-significant) baseline tem-
perature value in the abstinence condition ( fig. 2 ). The 
trend for higher body temperatures after MDMA was 
similar to previous findings. Some laboratory studies 
have found that acute MDMA leads to a significant in-
crease in body temperature  [37, 38] , whereas other labo-
ratories have reported non-significant group differences, 
although with trends for higher temperatures following 
MDMA. For instance, Vollenweider et al.  [40]  reported 
that acute MDMA led to a: ‘discrete increase of body tem-
perature of about 0.2 to 0.5   °   C, which however did not 
reach statistical significance’. Grob et al.  [39]  and Mas et 
al.  [26]  similarly mentioned non-significant trends to-

wards an increase in body temperature. In one field study, 
Cole et al.  [42]  reported no temperature effects in a group 
of ‘psychostimulant’-using dance clubbers, which includ-
ed Ecstasy/MDMA polydrug users. Irvine et al.  [41]  found 
moderate increases in body temperature in those with the 
highest levels of plasma MDMA, several hours after a 
dance party. In other field studies, we have observed sig-
nificant temperature increases in Ecstasy using dance 
clubbers  [43]  and Ecstasy/MDMA users at a house party 
 [85] . Turning to the ambient temperature values, these 
rose significantly over time under both drug conditions 
( table 1 ), possibly due to the body heat generated within 
crowded dance clubs. This agrees with an earlier study of 
dance clubbers, where the ambient temperature increased 
significantly as the night progressed  [42] . 

  There was a highly significant rise in feeling hot when 
on Ecstasy/MDMA ( table 1 ). This agrees with previous 
findings, where the majority of Ecstasy users report feel-
ing hot on drug  [13, 54] . Hence in a recent Internet survey 
of more than 200 recreational Ecstasy users, 84% report-
ed that they felt hot when on MDMA, and a small minor-
ity mentioned feeling very hot  [32] . The present study also 
found a significant increase in the incidence of hot and 
cold flushes following MDMA, but no such trend was ap-
parent when clubbing during MDMA abstinence ( ta-
ble 1 ). This therefore seems to be a specific effect of 
MDMA, rather than being a consequence of prolonged 
dancing in the club environment. It is consistent with the 
extensive animal literature on MDMA interfering with 
homeostatic thermal control mechanisms  [7, 8, 55] . Fi-
nally, there does seem to be a degree of individual varia-
tion in the thermal experiences under MDMA. In the 
current study, 1 female participant reported feeling cold, 
was shivering, and wore scarves and extra clothing in at-
tempt to feel warmer; yet her body temperature following 
MDMA remained unchanged from baseline.

  Mood State Changes 
 There were significant mood gains under recreational 

MDMA, with significantly greater feelings of excitement, 
sociability and happiness compared to baseline ( table 2 ). 
These positive mood changes were similar to previous 
findings  [13, 16, 18, 56, 57] . There were no significant 
mood changes under MDMA abstinence, although sev-
eral of the trends were in a positive direction – for in-
stance with greater feelings of excitement ( table 2 ). This 
may help to explain why happiness and excitement did 
not differ significantly between the on-MDMA and ab-
stinence conditions, although there were significantly 
fewer feelings of depression and boredom at 1 and 2.5 h 
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after MDMA respectively ( table 3 ). This illustrates the 
importance of including an abstinence condition when 
evaluating the mood effects of MDMA. In a previous in-
vestigation of dance clubbers, we found positive mood 
profiles in both Ecstasy users and non-users, also noting 
that most people would expect to feel good on their Sat-
urday night out irrespective of any drug-taking  [18] . 
Hence part of the pleasant feelings attributed to MDMA 
may reflect the pro-social environment in dance clubs, 
along with general expectancy factors  [56–58] . Mid-week 
mood decrements were apparent, with significantly low-
er feelings of excitement on day 4 compared to baseline, 
and significant tiredness 2 and 4 days after MDMA ( ta-
bles 2  and  3 ). This agrees with previous findings of mood 
impairments and other psychobiological deficits mid-
week  [16–19, 32, 33, 54, 59, 60] .

  Problems Attributed to Ecstasy/MDMA 
 Each participant described at least 1 psychobiological 

or health problem which they attributed to Ecstasy/
MDMA ( table 4 ). The nature of these problems tended to 
alter with lifetime usage. Mood swings in the days after-
wards were the main focus of the novice users, although 
mid-week mood fluctuation and depression were also 
noted by the more experienced consumers ( table 4 ). Mid-
week recovery problems have been described in numer-
ous studies, with feelings of depression, tiredness and an-
ger, seen as a routine consequence of weekend Ecstasy use 
 [16–19] . Mood fluctuation was the most frequent subjec-
tive complaint in an Internet study of 282 ecstasy users 
 [60] , as it was in the follow-up trial involving 209 further 
consumers  [46] . Memory problems were not reported by 
any of the 5 novice users here, whereas they were noted 
by 6 of the 7 who had taken MDMA on 20 or more occa-
sions ( table 4 ). Memory and other cognitive deficits have 
been found on a wide variety of task measures  [61–70] , 
with the incidence and/or severity of these cognitive def-
icits being associated with lifetime Ecstasy usage  [71–73] . 
Prospectively the cognitive-memory deficits also worsen 
with continued usage, whereas the cognitive decline is 
halted by quitting MDMA  [74, 75] . Subjective complaints 
of memory problems are also associated with lifetime us-
age  [46, 60] . The other psychobiological problems noted 
here involved reduced food intake, as well as poorer ap-
petite and sleep ( table 4 ); again they are consistent with 
previous reports  [11, 14, 22, 76, 77] . Another complaint 
was an exacerbation of pre-menstrual tension ( table 4 ); 
this has been noted with other drugs such as nicotine  [78, 
79] , and it should be further investigated with MDMA.

  Ethical Aspects 
 Although MDMA is an illegal drug, its psychobiolog-

ical effects in humans have been investigated in many 
previous empirical studies, and their ethical practices 
provided a guideline for the current analysis. Oral doses 
of MDMA have been given to human volunteers in many 
medical and laboratory studies, in order to measure its 
effects on cortisol  [24–28] , body temperature  [37–39]  and 
other psychobiological functions [review:  2 ]. Some of 
these  studies have involved volunteers previously naïve 
to MDMA  [40] , although the majority administered 
MDMA to recreational Ecstasy users after they had 
agreed to undertake a brief period of abstinence  [24–28, 
37–39] . For our abstinence condition we similarly re-
quested our experienced Ecstasy users to abstain for a 
brief period. Other empirical studies have tested recre-
ational Ecstasy/MDMA in the real world environment of 
dance clubs and raves, comparing them to other illicit 
drug users and/or non-users as controls  [1, 16–19, 41–43] . 
We therefore followed the ethical procedures which have 
become established practice within this field of applied 
research. For instance, the signed agreement form stated 
that MDMA was an illegal drug, that it had potentially 
damaging properties and that taking part in this study 
should not be seen as providing any support or encour-
agement for its use (see ‘Methods’). The unpaid volun-
teers were interviewed and screened before acceptance 
into the study and informed that they were free to with-
draw at any time without giving any reasons. 

  Some of the ethical and safety considerations were 
novel for this study, following the recommendations of 
the ethics committee. In particular, all the participants 
were known to the experimenter beforehand, since this 
was deemed preferable to obtaining volunteers via adver-
tisements. The study was also fully discussed with each 
participant beforehand. Data collection was undertaken 
by 2 testers, so the ratio of testers-to-tested (in groups of 
5 or 7) was always high. This provided mutual support for 
the data collectors and allowed the close monitoring of all 
participants, so facilitating intervention had any medical 
concerns arisen. Post-study feedback sessions were also 
provided. These had potential benefits to the volunteers 
in terms of increased practical knowledge. Indeed sev-
eral of the participants were surprised at the cortisol 
findings in particular ( fig. 1 ), since they graphically illus-
trated the power of MDMA as a psychoactive drug. This 
type of information could be useful for health education 
packages, since drug users often report that they seek sci-
entific knowledge from ‘real-world’ studies such as this. 
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  Future Research 
 The present study illustrates the importance of con-

ducing research in the dance club environment  [16–19] . 
Future research could assess factors such as loud noise 
and overcrowding, since they may contribute to meta-
bolic stress, both acute and chronic  [4, 11, 31, 37, 80, 81] . 
Other potentially important non-drug factors include so-
cial interactions, setting and expectancy  [4, 13, 55, 56, 
58] . The effectiveness of protective strategies, such as the 
use of antioxidant drugs, limiting physical exertion, and 
frequent visits to the chill-out room could also be em-
pirically assessed at dance club venues  [32–34] . Future 
studies might also include more objective assessment 
measures, e.g. cognitive tests of memory and attention 
 [17, 18] . Although it is important not to overload the par-
ticipants with assessment measures, since that might dis-
rupt normal patterns of socialization and dancing. It 
would also be crucial to include a non-user control group, 
since they could indicate any differences in baseline neu-
roendocrine functioning, and psychobiological reactions 
to prolonged physical exertion and dance clubbing. 

  In conclusion, this field study has generated important 
new data on bioenergetic stress and recreational Ecstasy/
MDMA  [11] . The energetic stress model for humans was 
based on an animal model, which described how drug 
and non-drug factors modulated the psychobiological 
consequences of MDMA  [81] . MDMA is a powerful stim-
ulant, which increases metabolic activity in the pre-syn-
apses and heightens neurotransmitter release, but this 
acute metabolic stress in the serotonergic pre-synapse re-

gion can lead to oxidative stress and cellular damage  [6, 
80, 81] . This metabolic overstimulation can be further 
heightened by the concomitant use of other CNS stimu-
lants such as amphetamine. Many non-drug factors can 
also influence the equation, including thermal stress, 
prolonged exercise, inadequate rest, overcrowding, loud 
noise and other stimulatory events  [1, 4, 11, 82] . The core 
of the model is that acute metabolic stress will lead to 
more acute functional deficits  [11, 31]  and to more cumu-
lative psychobiological distress in the longer term  [32, 81] . 
The marked increase in cortisol in MDMA-using club-
bers here ( fig. 1 ) may therefore add an important new el-
ement to the metabolic stress model  [11, 83] . Testosterone 
is also acutely boosted by MDMA, and other neurohor-
monal changes may be important as well, through com-
mon or interactive HPA axis pathways. Cortisol in par-
ticular may provide a useful index of both energetic stress 
and of the integrity of metabolic energetic coping mecha-
nisms. It may also contribute to chronic effects of repeat-
ed MDMA, as noted by Gerra et al.  [29] . Hence future 
studies should measure cortisol, since this neurohor-
mone may be an important co-factor for the overall psy-
chobiology of MDMA. 
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