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Abstract

In Western societies, a considerable percentage of young people use
3,4-methylenedioxymethamphetamine (MDMA or ‘ecstasy’). The use of
alcohol (ethanol) in combination with ecstasy is common. The aim of the
present study was to assess the acute psychomotor and subjective effects
of (co-) administration of MDMA and ethanol over time and in relation to
the pharmacokinetics. We performed a four-way, double blind,
randomized, crossover, placebo-controlled study in 16 healthy volunteers
(nine men, seven women) between the ages of 18 and 29. MDMA (100 mg)
was given orally while blood alcohol concentration was maintained at
pseudo-steady state levels of approximately 0.6‰ for 3 h by a 10%
intravenous ethanol clamp. MDMA significantly increased psychomotor
speed but did not affect psychomotor accuracy and induced subjective
arousal. Ethanol impaired both psychomotor speed and accuracy and
induced sedation. Coadministration of ethanol and MDMA improved
psychomotor speed but impaired psychomotor accuracy compared with

placebo and reversed ethanol-induced sedation. Pharmacokinetics and
pharmacodynamics showed maximal effects at 90–150 min after MDMA
administration after which drug effects declined in spite of persisting
MDMA plasma concentration, with the exception of ethanol-induced
sedation, which manifested itself fully only after the infusion was stopped.
In conclusion, results show that subjects were more aroused when
intoxicated with both substances combined compared with placebo, but
psychomotor accuracy was significantly impaired. These findings may have
implications for general neuropsychological functioning as this may
provide a sense of adequate performance that does not agree with a
significant reduction in psychomotor accuracy.
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Introduction

In Western societies, a significant proportion of young people
expose themselves to 3,4-methylenedioxymethamphetamine
(MDMA or ‘ecstasy’) (Parrott, 2001). Ecstasy has gained wide-

spread use in the ‘club’ scene, typically at all-night parties with
loud, intense music and lights (Winstock, et al., 2001). The aver-
age dose of ecstasy used recreationally is reported to contain
around 80–90 mg of MDMA with considerable individual vari-
ation (Tanner-Smith, 2006). Ecstasy users are generally polydrug
users, having experience with different psychoactive substances
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and combining them with ecstasy (Gouzoulis-Mayfrank and
Daumann, 2006). Alcohol (ethanol) is frequently used with
ecstasy (Barrett, et al., 2005; Izco, et al., 2007).

MDMA releases serotonin (5-HT) from presynaptic 5-HT
terminals by reversal of the reuptake transporter and thus
increases 5-HT levels at the postsynaptic receptors (Liechti and
Vollenweider, 2000; Mlinar and Corradetti, 2003; Pifl, et al.,
1995). MDMA is also a potent releaser of dopamine and (nor)
adrenaline (Colado, et al., 2004; Liechti and Vollenweider, 2001;
Sprague, et al., 2004).

MDMA is rapidly absorbed following oral administration.
Within 30 min MDMA is detectable in the blood. Plasma
levels peak 1–2 h after drug intake. Maximal behavioural and
subjective effects also occur around 1–2 h and decline after 4 h
(de la Torre, et al., 2004; Green, et al., 2003). A moderate
increase of plasma MDMA levels when ethanol is coadminis-
tered with MDMA has been reported (Hernandez-Lopez,
et al., 2002) but also disputed (Kuypers, et al., 2006).

Ethanol depresses both excitatory and inhibitory postsynap-
tic potentials by allosterically potentiating the action of
Gamma Aminobutyric Acid (GABA) at its receptor-complex
(Suzdak, et al., 1988). Consequently, alcohol has both arousing
and sedating effects that are dose-dependent with high inter-
individual variability (Gulick and Gould, 2007).

Reports on the effects of coadministration of MDMA and
ethanol in humans are relatively sparse (Hernandez-Lopez,
et al., 2002; Kuypers, et al., 2006; Pacifici, et al., 2001;
Ramaekers and Kuypers, 2006). Of these, two studies reported
on psychomotor performance. Kuypers, et al. (2006) assessed
the effects of 75 and 100 mg MDMA in combination with orally
administered ethanol (mean peak blood alcohol concentration
[BAC] reached was 0.6‰). They reported that certain aspects
of psychomotor performance, assessed by actual driving tests
(mean BAC below the legal limit [0.5‰] during driving tests),
were impaired by ethanol (standard deviation of lateral position
[SDLP]) and improved by MDMA (SDLP and standard devia-
tion of speed [SD speed]). Coadministration of 100 but not
75 mg MDMA reversed ethanol-induced impairment of SDLP.
Ethanol also increased brake reaction time (RT). Psychomotor
performance assessed using the Critical Tracking Task (CTT)
was impaired by ethanol and unaffected by MDMA. Another
study assessed the effects of 100 mg MDMA and 0.8 g/kg etha-
nol (peak BAC of 1.25‰) coadministration on psychomotor
function over time (Hernandez-Lopez, et al., 2002). In this
study, ethanol impaired psychomotor performance using the
Digit Symbol Substitution Task (DSST), an effect which was
counteracted by MDMA co-administration. MDMA alone did
not affect psychomotor performance. MDMA showed stimulant
effects assessed with the Maddox wing test, an effect which was
counteracted by ethanol coadministration. Maximal effects
occurred 90 min after MDMA administration and declined
thereafter.

We recently reported on the peak effects of MDMA and
ethanol coadministration on neuropsychological function
(Dumont, et al., 2008). Only moderate effects were observed,
although the timing of tests relative to drug administration

remained an issue. Although the time when Cmax is reached
(Tmax) provides a guideline to assume peak effects, the
dynamic effects do not necessarily follow the kinetic time pro-
file of a compound. This study aimed to assess the acute psy-
chomotor and subjective effects of MDMA and ethanol (co-)
administration over time controlling for the pharmacokinetics.
This study extends previous studies by using an ethanol clamp,
effectively eliminating the variations in BAC of orally adminis-
tered alcohol. As previous studies showed a robust neuroendo-
crine response after MDMA administration (de la Torre, et al.,
2000b; Harris, et al., 2002; Mas, et al., 1999), the current study
also assessed neuroendocrine response to assess possible mod-
erating effects of ethanol coadministration on MDMA-induced
neuroendocrine response.

We hypothesise that the stimulating effects of MDMA will
moderate ethanol’s subjective as well as objective sedation. As
MDMA also induces mild hallucinogenic effects that are
expected to impair cognitive function, we hypothesize that
tests not reliant on psychomotor speed would not benefit
from MDMA coadministration compared with ethanol
(Dumont, et al., 2008). Peak drug effects were hypothesized to
coincide with MDMA Tmax, although effects were expected to
decline in spite of persisting plasma levels as previously
reported (Hernandez-Lopez, et al., 2002).

Materials and methods

Study design

This study used a four-way, double blind, randomized, cross-
over, placebo-controlled design and was conducted according
to the principles of the Declaration of Helsinki. Each volunteer
received a capsule containing either MDMA 100 mg or pla-
cebo and an ethanol/placebo infusion (target BAC of 0.6‰)
with a washout of 7 days between each treatment.

Study outline

Subjects were admitted to each study day after a urinary drug
check (opiates, cocaïne, benzodiazepines, amphetamines,
methamphetamines and delta-9-tetrahydrocannabinol, Accu-
Sign®, Princeton BioMeditech, Princeton, USA) (drug use
was not allowed 14 days prior to the first study day until
study completion) and the recording of possible signs and
symptoms of health problems. A light breakfast was offered
2 h before drug administration. Drug administration was
scheduled at 10:30 h, and the ethanol infusion was started at
11:00 h. Subjects received a standardized lunch at 14:00 h and
were sent home around 17:00 h.

Outcome measures were assessed repeatedly, that is, before
MDMA administration and at 30, 90, 150, 240, 300 and
360 min after drug administration and consisted of pharmaco-
kinetic samples of breath (for ethanol) or blood (for MDMA
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and 3,4-methylenedioxyamphetamine [MDA]) and pharmaco-
dynamic assessments as specified below. Parts of these data
were presented at a meeting of the Dutch Society for Clinical
Pharmacology, the abstract of which has been published
(Dumont, et al., 2007).

Subjects

A total of 16 healthy volunteers (nine men, seven women), regular
users of ecstasy (at least eight exposures in the last 2 years) and
alcohol (at least one exposure per week), 22.1 ± 2.9 (mean ± SD)
years of age (range 18–29) and within 80–130% of their ideal
body weight were recruited through advertisement on the internet
and at local drug testing services. Lifetime ecstasy exposure was
on average 95 doses (SD = 138; range 14–431). More detailed
demographic data have been reported elsewhere (Dumont,
et al., 2008). Exclusion criteria included pregnancy, (history of)
psychiatric illness assessed using the Structured Clinical Interview
for Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition axis 1 disorders, nonpatient version (First, et al.,
1994), Axis II disorders were excluded using the Temperament
and Character Inventory (Svrakic, et al., 1993), use of over-
the-counter medication within 2 months prior to the study start,
(history of) treatment for addiction problems, excessive smoking
(>10 cigarettes/day) and orthostatic dysregulation. Physical and
mental health was determined by assessment of medical history, a
physical and electrocardiogram examination as well as standard
haematological and chemical blood examinations. The local
Medical Ethics Committee approved the study. All subjects
gave their written informed consent before participating in the
study and were paid for their participation. Subjects were aware
that the active drug conditions would be ethanol, MDMA and
ethanol and MDMA coadministration, but that the order in
which they received the treatments was randomized.

One subject had a mild adverse reaction (local vascular
reaction) to the ethanol infusion and one subject did not refrain
from drug use, both (one men, one women) were excluded from
further participation, and results obtained from these subjects
were not included in the final data analysis.

Ethanol clamping

Ethanol (or glucose 5% as its placebo) was administered con-
tinuously by i.v. infusion of 10% ethanol in 5% glucose solu-
tion, aimed to maintain a blood ethanol concentration of 0.6‰
for 3 h. The infusion rate was calculated using frequent breath
alcohol concentration measurements, according to a previously
designed algorithm (Amatsaleh, et al., 2006a). Breath alcohol
concentration was assessed using a HONAC Alco Sensor IV®

Intoximeter, Apeldoorn, the Netherlands. The process was
semiautomated using a computer spreadsheet programme,
which used measured breath alcohol concentrations to calcu-
late the infusion rate needed to maintain the ethanol level at
0.6‰. The operator of the breath alcoholmeter and the ethanol
infusion pump was unblinded for alcohol-treatment but did not

communicate with the study team or the subjects about the
results at any stage of the trial. A sham procedure was used
during ethanol placebo occasions.

The alcohol clamp was targeted at 0.6‰ because in many
European countries, driving is prohibited at BACs at or around
this level. Consequently, the psychomotor effects of an ethanol
concentration equal to or exceeding 0.6‰ are likely to affect an
individual’s ability to drive a car. Recent studies showed that a
BAC of 0.6‰ induces significant effects on eye movements
(Amatsaleh, et al., 2006b; Nyberg, et al., 2004). Moreover,
despite significant CNS effects, this dose is considered to be a
safe and relatively moderate dose. A BAC of 0.6‰ is equiva-
lent to approximately 2–3 alcoholic beverages, reflecting nor-
mal social drinking.

MDMA

MDMA (or matched placebo) was given as a capsule in a sin-
gle oral dose of 100 mg. MDMA 100 mg orally is a relevant
dose in the range of normal single recreational dosages. Previ-
ous experiments in humans used doses up to 150 mg without
serious adverse events. MDMA was obtained from Lipomed
AG, Arlesheim, Switzerland and encapsulated according to
Good Manufacturing Practice by the Department of Clinical
Pharmacy of Radboud University Nijmegen Medical Centre.

Reagents

All reagents were of analytical grade.

Analytical methods

A high-performance liquid chromatography–diode array detec-
tion (HPLC-DAD) method was used to measure plasma
MDMA and MDA concentrations. In brief, 100 μL internal
standard solution (1.27 μg 3,4-methylenedioxy-N-ethylampheta-
mine [MDEA] in 1.0 mL water) was added to 1.0 mL plasma,
500 μL borate buffer (0.05 M, pH 9.3) was added, the solution
was mixed, and 5 mL dichloromethane added. The tube was
stoppered and shaken for 10 min. Thereafter, the tube was cen-
trifuged for 5 min at 2500 g. The organic layer was separated
from the water layer and transferred into a clean tube and
500 μL mobile phase (880 mL 0.015 M phosphate buffer, pH
3.3 plus 120 mL acetonitrile) was added. The tube was shaken
for 10 min and centrifuged for 5 min. An aliquot of 60 μL from
the upper layer was injected onto the HPLC-DAD system con-
sisting of a model 1100 solvent delivery system (Agilent Technol-
ogies, Amstelveen, the Netherlands), column oven (Agilent
Technologies) with a Symmetry C18 column (Waters, Middel-
burg, the Netherlands), model 1100 DAD (Agilent Technolo-
gies). Flow was 1 mL/min and separation took place at 50°C.
Peaks were recorded from 199–400 nm. Recovery was >90%
for MDMA, MDA and MDEA with a coefficient of variation
(CV) of <2%. The lower limit of detection for both MDMA
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and MDA was 3 μg/L with a CV of 20%. The upper limit of
detection was 500 μg/L for MDMA and 165 μg/L for MDA.
Peak purity was >0.995 for positive identification of MDMA,
MDA and MDEA. MDMA, MDA and MDEA were kindly
obtained from the Dutch Forensic laboratory. Dichloromethane
was obtained from Biosolve (Valkenswaard, the Netherlands),
and acetonitrile was obtained from Rathburn (Walkerburn,
United Kingdom).

Neuroendocrine assays

Cortisol and prolactin were determined as measures of neuroen-
docrine activity, as previous research has shown that the serum
concentrations of these neuropeptides increase after MDMA
administration (de la Torre, et al., 2000b; Harris, et al., 2002;
Mas, et al., 1999). Serum total cortisol was measured by fluores-
cence polarization immunoassay on a TDX batch analyzer
(Abbott, Hoofddorp, the Netherlands). Serum prolactin was
measured by fluorescence immunoenzymometric assay
(FIEMA) on an AxSym automated immunoanalyzer (Abbott).

Saccadic and smooth pursuit eye movements

Saccadic eye movements are a measure for psychomotor speed
and sedation. Eye movements were quantified by recordings of
field potential changes due to eye rotations. Similar to EEG
patterns and the architecture of evoked potentials in rats
(Meeren, et al., 1998), saccadic motion is dependent on the
state of alertness (van Steveninck, et al., 1999).

For the saccadic test, which lasted 1.5 min, the subject was
presented with sudden changes of target position at random
intervals. The target consisted of an array of light emitting
diodes on a bar fixed at 50 cm in front of the head support.
Each recording session consisted of 15 saccades of 15 degrees
stimulus amplitudes. The outcome measures are peak saccadic
velocity and RT.

For smooth pursuit eye movements, a measure for psycho-
motor accuracy, the target moved sinusoidal at frequencies
ranging from 0.3 to 1.1 Hz, by steps of 0.1 Hz during 60 s.
The amplitude of target displacement corresponded to
20 degrees eyeball rotation to both sides. The time in which
the eyes were in smooth pursuit of the target was calculated
for each frequency and expressed as a percentage.

Saccadic and smooth pursuit eye movements were recorded
using Nihon-Kohden® and Cambridge Electronics Design
(CED®) hardware and CED Spike2® software for sampling
and analysis of eye movements. Effects on the saccadic eye
movements, the Saccadic Eye Velocity (PV), were analysed
according to published rules (Meeren, et al., 1998; Sundstrom
and Backstrom, 1998). Head movements were restrained using
a fixed head support. Eye movements are used to locate objects
and predict the path of moving objects, and as such can be
expected to be relevant for driving related abilities (Orban de
Xivry and Lefevre, 2007). Moreover, they are sensitive to the
effects of serotonergic challenges (Gijsman, et al., 2002), as well

as to the effects of ethanol, at the currently used concentration
(Amatsaleh, et al., 2006a).

Body sway

Subjects were asked to close their eyes while in upright position
and were attached to the body sway apparatus that records
cumulative horizontal body movement (in mm) for 2 min.
The test is a measure for postural stability (Wright, 1971).

Subjective effects

Subjective effects were assessed using the short version of the
Addiction Research Centre Inventory (ARCI). The ARCI is a
49 item self-report questionnaire that consists of five subscales,
each representing the characteristics of a specific drug group,
that is, pentobarbital-chlorpromazine-alcohol group (PCAG, a
measure for sedation), morphine-benzedrine group (MBG, a mea-
sure for euphoria), amphetamine scale (A, an empirically derived
scale sensitive to D-amphetamine effects), benzedrine group (BG,
a measure for stimulant effects) and lysergic acid diethyl amide
scale (LSD, a measure for dysphoria and psychomimetic changes)
(Lamas, et al., 1994). The ARCI questionnaire was performed at
baseline and 90 and 300 min after drug administration.

Statistical analyses

The pharmacodynamic parameters were analysed by mixed
model analyses of variance (using SAS PROC MIXED) with
treatment, time and treatment by time as fixed effects, with
subject, subject by time and subject by treatment as random
effects, and with the baseline value as covariate, where baseline
was defined as the average of the available values obtained
prior to dosing. Treatment effects are reported as the contrasts
between the four treatments where the average of the measure-
ments up to the last time point was calculated within the statis-
tical model. Contrasts are reported along with 95% confidence
intervals (95% CIs), and analyses are two-sided with a signifi-
cance level of 0.05. Graphical representation shows mean and
standard error of the mean of data.

Statistical evaluation of the differences in MDMA kinetics
between MDMA only and MDMA and ethanol (co-) adminis-
tration (using SPSS 11.5 for Windows, Chicago, Illinois, USA)
was performed with general linear model repeated measures
analysis of variance.

Results

Pharmacokinetics

MDMA and MDA kinetics did not differ between MDMA
single and MDMA and ethanol conditions. The maximal
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plasma MDMA concentration (Cmax) was on average
202.5 μg/L (SD = 74.1 μg/L) 150 min after drug administration
(Figure 1). Plasma MDA concentration on average increased
to 9.4 μg/L (SD = 3.6 μg/L) 360 min after drug administration.

Ethanol kinetics are shown in Figure 2, during the pseudo-
steady state phase BAC was on average 0.56‰ (SD = 0.057‰).

Pharmacodynamics

Only significant results are mentioned in this section unless
noted otherwise. Statistically significant main effects of treat-
ment, time and treatment by time as well as drug condition
comparisons are summarized in Table 1. For the drug condi-
tion comparisons, mean change, 95% CI and corresponding
P values are reported.

Neuroendocrine measurements

Serum cortisol concentrations showed a pronounced increase
after MDMA as well as after MDMA and ethanol (co-) admin-
istration compared with the placebo and ethanol condition
(Figure 3A). The cortisol response did not differ between the
MDMA and the MDMA and ethanol condition. Serum cortisol
concentrations peaked 90 min after drug administration and

decreased to baseline levels 360 min after drug administration
in spite of persisting plasma MDMA levels.

Serum prolactin concentrations (Figure 3B) showed a pro-
file similar to that of cortisol. Peak prolactin concentrations
were observed 90 min after MDMA and MDMA and ethanol
(co-) administration. Prolactin levels after MDMA and after
MDMA and ethanol (co-) administration returned to baseline
levels 300 min after administration of the drug(s). There was no
significant difference between the MDMA and the MDMA
and ethanol condition.

Body sway

There was no significant treatment or treatment by time effects
for the body sway measurements.

Eye movements

Smooth pursuit eye movements (psychomotor accuracy) were
significantly impaired after ethanol and after ethanol and
MDMA (co-) administration compared with the placebo and
MDMA condition (Figure 4).

Psychomotor speed and sedation/arousal were assessed by
saccadic eye movements. Outcome measures are peak saccadic
velocity (PV, see Figure 5A) and RT (see Figure 5B), respec-
tively. Subjects showed increased PV after MDMA administra-
tion compared with the placebo, ethanol and MDMA-ethanol
condition. Ethanol decreased PV compared with the placebo
condition. Coadministration of MDMA with ethanol increased
PV compared with the ethanol and placebo condition.

A trend for a significant treatment by time interaction for
RT was observed (P = 0.0571). Drug comparisons showed that
RT of saccadic eye movements was significantly increased after
ethanol compared with placebo (P = 0.023), although the effect
was moderate.

Subjective effects

All ARCI subgroups showed comparable time profiles. Maxi-
mal effects were observed 90 min after drug administration and
effects had returned to baseline values 300 min after drug
administration. The exception to this time profile was the
ARCI PCAG and BG scores after ethanol administration,
which showed a linear relation in time (positive for PCAG,
negative for BG) with maximal effects 300 min after drug
administration, that is, subjects felt increasingly sedated after
ethanol compared with the placebo, MDMA and MDMA-
ethanol conditions.

Drug-induced euphoria (ARCI MBG scores) was reported
after MDMA and MDMA-ethanol (co-) administration com-
pared with the placebo and ethanol condition.

Subjects reported amphetamine-like effects (ARCI amphet-
amine [A] group) in the MDMA and MDMA-ethanol condi-
tion compared with the placebo and ethanol condition.

Figure 1 Plasma MDMA concentrations (mean, SEM) for the MDMA and
the MDMA and ethanol condition. ο, MDMA; ▲, MDMA + ethanol.

Figure 2 Blood alcohol concentrations (BAC, [mean, SEM]). □, ethanol.

Psychomotor effects of MDMA and ethanol 159



Ta
bl
e
1

Re
su
lt
s,

m
ai
n
ef
fe
ct
s
an
d
dr
ug

co
m
pa
ris
on

s
(r
ep
or
te
d
ar
e
m
ea
n
di
ff
er
en
ce
,
95
%

co
nf
id
en
ce

in
te
rv
al

an
d
P
va
lu
e)

Te
st

Tr
ea
tm

en
t

ef
fe
ct

Ti
m
e

ef
fe
ct

Tr
ea
tm

en
t
×

ti
m
e

in
te
ra
ct
io
n

Et
ha
no

l
ve
rs
us

pl
ac
eb
o

M
DM

A
ve
rs
us

pl
ac
eb
o

M
DM

A
+
et
ha
no

l
ve
rs
us

pl
ac
eb
o

M
DM

A
+
et
ha
no

l
ve
rs
us

M
DM

A
M
DM

A
+
et
ha
no

l
ve
rs
us

et
ha
no

l
M
DM

A
ve
rs
us

et
ha
no

l

Ne
ur
oe
nd

oc
ri
ne

Co
rt
is
ol

(μ
m
ol
/L
)

<0
.0
00

1
<0

.0
00

1
<0

.0
00

1
—

0.
32

(0
.2
5,
0.
39

)
P
≤
0.
00

01
0.
28
(0
.2
1,
0.
36

)
P
≤
0.
00

01
—

0.
28

(0
.2
1,
0.
35

)
P
≤
0.
00
01

0.
31

(0
.2
4,
0.
39

)
P
≤
0.
00

01
Pr
ol
ac
ti
n
(m

U/
L)

<0
.0
00

1
<0

.0
00

1
<0

.0
00

1
—

21
3
(1
05

,
32

2)
P
=
0.
00

03
19

6
(8
5,

30
7)

P
=
0.
00

09
—

22
3
(1
11
,
33

5)
P
=
0.
00
03

24
0
(1
30

,
35

1)
P
≤
0.
00

01
Ps
yc
ho

m
ot
or

Bo
dy

sw
ay

(m
m
)

NS
<0

.0
00

1
NS

—
—

—
—

—
—

Sm
oo

th
pu

rs
ui
t
(%

)
<0

.0
00

1
<0

.0
00

1
<0

.0
00

1
−
7.
6(
−
11

.0
,−
4.
1)

P
≤
0.
00

01
—

−
7.
5(
−
10
.8
,−
4.
2)

P
≤
0.
00
01

−
9.
2(
−
12

.6
,−
5.
9)

P
≤
0.
00

01
—

9.
3(
5.
9,
12

.7
)

P
≤
0.
00

01
Pe
ak

ve
lo
ci
ty
(d
eg
/s
)

<0
.0
00

1
0.
40

30
<0

.0
00

1
−
18

.0
(−
33

.8
,−
2.
2)

P
=
0.
02

69
35

.6
(1
9.
7,
51

.5
)

P
≤
0.
00

01
16

.7
(0
.9
,3
2.
5)

P
=
0.
03

93
−
18

.9
(−
34

.7
,−
3.
1)

P
=
0.
02

06
34

.7
(1
9.
0,
50

.5
)

P
=
0.
00
01

53
.7
(3
7.
9,
69

.4
)

P
≤
0.
00

01
Re
ac
ti
on

ti
m
e
(m

s)
NS

0.
00

01
NS

—
—

—
—

—
—

Su
bj
ec
ti
ve

AR
CI

PC
AG

0.
00

10
0.
00

75
NS

2.
29

(0
.8
0,
3.
77

)
P
=
0.
00

35
—

—
—

−
2.
90

(−
4.
37

,−
1.
42

)
P
=
0.
00
03

−
2.
64

(−
4.
11

,−
1.
16

)
P
=
0.
00

08
AR

CI
M
BG

<0
.0
00

1
<0

.0
00

1
<0

.0
00

1
—

2.
93

(1
.4
9,
4.
37

)
P
=
0.
00

02
3.
72
(2
.2
8,
5.
16

)
P
≤
0.
00

01
—

3.
19

(1
.7
5,
4.
63

)
P
≤
0.
00
01

2.
40

(0
.9
6,
3.
84

)
P
=
0.
00

17
AR

CI
A

<0
.0
00

1
0.
00

06
0.
00

09
—

1.
64

(0
.8
4,
2.
44

)
P
=
0.
00

02
2.
15
(1
.3
6,
2.
94

)
P
≤
0.
00

01
—

1.
69

(0
.8
9,
2.
48

)
P
=
0.
00
01

1.
18

(0
.3
6,
2.
00

)
P
=
0.
00

60
AR

CI
BG

<0
.0
00

1
0.
00

18
0.
01

89
−
1.
00

(−
1.
93

,−
0.
07

)
P
=
0.
03

51
—

1.
30
(0
.3
7,
2.
24

)
P
=
0.
00

73
—

2.
30

(1
.3
8,
3.
23

)
P
≤
0.
00
01

1.
86

(0
.9
3,
2.
79

)
P
=
0.
00

02
AR

CI
LS
D

0.
00

07
0.
00

85
0.
00

23
1.
32

(0
.3
0,
2.
34

)
P
=
0.
01

22
2.
00

(1
.0
0,
3.
00

)
P
=
0.
00

02
1.
93
(0
.9
2,
2.
94

)
P
=
0.
00

04
—

—
—

M
DM

A,
3,
4-
m
et
hy
le
ne
di
ox
ym

et
ha
m
ph

et
am

in
e;

M
DM

A
+
et
ha
no

l,
M
DM

A
an
d

et
ha
no

l
co
-a
dm

in
is
tr
at
io
n;

AR
CI
,

Ad
di
ct
io
n

Re
se
ar
ch

Ce
nt
re

In
ve
nt
or
y;

PC
AG

,
pe
nt
ob
ar
bi
ta
l-

ch
lo
rp
ro
m
az
in
e-
al
co
ho

l
gr
ou
p;

M
BG

,
m
or
ph

in
e-
be
nz
ed
rin

e
gr
ou
p;

AR
CI

A,
AR

CI
am

ph
et
am

in
e;

BG
,
be
nz
ed
rin

e
gr
ou
p;

LS
D,

ly
se
rg
ic

ac
id

di
et
hy
l
am

id
e
sc
al
e.

Psychomotor effects of MDMA and ethanol160



Arousal was assessed by the ARCI BG. MDMA adminis-
tration showed a trend for increased arousal compared with the
placebo condition (P = 0.069). MDMA and ethanol coadmin-
istration increased arousal significantly compared with the pla-
cebo condition. Ethanol decreased subjective arousal compared
with the placebo, MDMA and MDMA-ethanol condition.

Psychomimetic changes (ARCI lysergic acid [LSD] group)
were experienced during all active drug conditions compared
with placebo; these effects did not differ between drug
conditions.

Discussion

Here, we report the acute pharmacokinetic and pharmacody-
namic effects of MDMA and ethanol coadministration over
time. The results suggest distinct effects of MDMA and ethanol
on psychomotor function as well as on subjective experience.
Coadministration effects were either averages of or comparable
to single drug effects, but there was no reinforcement of the
effects. We hypothesised that 1) the stimulating effects of
MDMA would moderate ethanol’s sedating effects, 2) tests not
reliant on psychomotor speed would not benefit from MDMA
coadministration compared with ethanol and 3) peak drug
effects would coincide with MDMA Tmax, although effects
were expected to decline in spite of persisting plasma levels.

Our results support these hypotheses as 1) coadministration
of ethanol and MDMA reversed ethanol-induced subjective as
well as objective sedation and 2) coadministration of ethanol

Figure 5 Psychomotor speed measures. (A) Saccadic peak velocity
(mean, SEM). (B) Reaction time of saccadic eye movements (mean, SEM).
x, placebo; □, ethanol; ο, MDMA; ▲, MDMA + ethanol.

Figure 3 Neuroendocrine measures. (A) Serum cortisol concentration
(mean, SEM). (B) Serum prolactin concentration (mean, SEM). x, placebo;
□, ethanol; ο, MDMA; ▲, MDMA + ethanol.

Figure 4 Psychomotor accuracy; smooth pursuit eye movements (mean,
SEM). x, placebo; □, ethanol; ο, MDMA; ▲, MDMA + ethanol.
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and MDMA improved psychomotor speed but impaired psy-
chomotor accuracy compared with placebo. Third, MDMA’s
peak dynamic effects coincided with the time of maximal
plasma MDMA concentrations (Cmax), although effects
diminished thereafter in spite of persisting plasma MDMA
levels. The time profile of MDMA-induced subjective and per-
formance effects was congruent with neuroendocrine response,
and MDMA and ethanol coadministration did not affect the
neuroendocrine response compared with MDMA alone. The
time course of ethanol-induced effects also correlated with its
kinetic profile, with the exception of ethanol-induced sedation,
which had peak effects that were delayed compared with the
kinetic profile.

MDMA improved psychomotor speed but did not affect
psychomotor accuracy. Lamers, et al. (2003) also reported
increased psychomotor speed after 75 mg of MDMA in the
Motor Choice Reaction Task. Although MDMA’s most char-
acteristic effect is the release of serotonin, it also releases dopa-
mine (Colado, et al., 2004; Liechti and Vollenweider, 2001).
Psychomotor speed is likely to benefit from the increased dopa-
mine availability and the resulting increase in arousal (Mehta
and Riedel, 2006). However, tasks not solely depending on
speed, like psychomotor accuracy, are less likely to benefit
from the increase in arousal. Ethanol on the other hand gener-
ally impaired psychomotor function, in line with previous
reports (Hernandez-Lopez, et al., 2002; Kuypers, et al., 2006;
Dumont, et al., 2008).

Coadministration of MDMA and ethanol caused a signifi-
cant increase in psychomotor speed compared with placebo
(although slightly less than MDMA alone). Hernandez-
Lopez, et al. (2002) also reported that MDMA coadministra-
tion reduced ethanol-induced impairment of psychomotor
function as measured with the DSST, although this did not
reach the level of significance. This discrepancy may be due
to the fact that the DSST is not a pure psychomotor speed
task but also assesses other cognitive functions such as mem-
ory, which is impaired by MDMA (Dumont, et al., 2008).

However, psychomotor accuracy decreased after the combi-
nation (compared with the effects of ethanol alone). These find-
ings are similar to those of a previous study that reported that
ethanol administration decreased performance on the CTT (a
laboratory task) as well as measures of actual driving tests
(increase of SD speed and SDLP) (Kuypers, et al., 2006). In
line with our hypothesis that MDMA may overcome ethanol-
induced impairment of psychomotor speed but not accuracy,
MDMA did not affect CTT scores, that is, MDMA coadmin-
istration could not overcome ethanol-induced impairment.
Coadministration of 100 mg MDMA did however reverse
ethanol-induced impairment of driving performance (ethanol
increased SDLP, an effect which was counteracted by
MDMA). Our finding of reversal of ethanol-induced sedation
by MDMA coadministration (as measured by the RT of
saccadic eye movements) is congruent with these results and
supports our hypothesis that MDMA may overcome ethanol-
induced sedation.

Subjective effects were as expected; MDMA was experi-
enced as arousing and induced mild euphoria. Coadministra-
tion of ethanol with MDMA showed a profile similar to
MDMA-induced subjective effects. Subjective effects returned
to baseline values 5 h after drug administration, with the excep-
tion of ethanol-induced sedation, which increased with time
and showed maximal effects 5 h after drug administration.
Coadministration of MDMA with ethanol reversed ethanol-
induced subjective sedation. This may have important implica-
tions, for instance when a subject who has used both MDMA
and ethanol decides to drive. MDMA may cause him or her to
feel fit enough to drive, while actual performance may be pro-
foundly impaired by alcohol.

Remarkably, sedation as assessed by the RT of saccadic eye
movements was also delayed relative to ethanol kinetics. Seda-
tion was most pronounced 30 min after the ethanol infusion
was stopped and declined thereafter, in line with reports
which show that ethanol induces sedation mainly in the des-
cending limb of the kinetic profile of ethanol (Pohorecky and
Brick, 1988). As already mentioned, subjective assessments also
reflected delayed increase in sedation compared with ethanol
administration, whereas other subjective measures had a more
direct relationship with BAC. The results reported here show
that alcohol may increase sedation even after the intake has
stopped. This is particularly relevant if an ethanol-intoxicated
subject decides to drive home after a tiresome social event.

The Cmax after 100 mg orally administered MDMA
(202.5 μg/L) was comparable to data reported elsewhere (de la
Torre, et al., 2000a). MDMA kinetics did not differ between
MDMA single and MDMA-ethanol coadministration. Two
studies investigated the effects of MDMA and ethanol coad-
ministration on MDMA kinetics in humans, where ethanol
coadministration increased plasma MDMA concentration sig-
nificantly in one (Hernandez-Lopez, et al., 2002) but not the
other study (Kuypers, et al., 2006). A possible explanation for
this discrepancy might lie in the fact that the study by Hernan-
dez Lopez, et al. (2002) achieved a peak BAC of 1.25‰,
whereas Kuypers, et al. (2006) achieved a peak BAC of
0.59‰ comparable to our steady state BAC of 0.56‰. Future
studies should address this issue by assessing the effects of
coadministration of different doses of ethanol with MDMA.

Serum cortisol and prolactin concentrations increased sig-
nificantly after MDMA administration, although both concen-
trations returned to baseline values before a decrease in
MDMA levels was observed. In other words, the neuroendo-
crine response diminished in spite of persisting plasma
MDMA concentrations, a pattern observed in most other out-
come measures as well. As MDMA is a serotonin releaser,
both by reversing the direction of the reuptake transporter
and by releasing neurotransmitter from the vesicles (Mlinar
and Corradetti, 2003), it is likely that the available neurotrans-
mitter pool is rapidly depleted, and as a result, the neuroendo-
crine effects of MDMA diminish in spite of persisting plasma
MDMA concentration (Green, et al., 2003).

A short-term reduction of sensitivity to MDMA may also
explain why users often take multiple doses of this drug during
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the night, so-called ‘drug-binging’ (Gross, et al., 2002). Several
anecdotal reports and personal communication with subjects
indicate that the purpose of ‘binging’ is to prolong rather
than to increase the effects (de la Torre, et al., 2000a; Parrott,
2006; Riley, et al., 2001).

Several limitations of our study should be mentioned. First,
although eye movements play a significant role in everyday
psychomotor performance (Orban de Xivry and Lefevre,
2007), and the results of this measure are in agreement with
those of actual driving tests, the relevance of the effects mea-
sured using laboratory tests for actual driving performance
remains arguable. Second, subjective effects were assessed
only at baseline and 90 and 300 min after drug administration,
which limits the conclusions regarding the time profile of sub-
jective effects. However, Hernandez-Lopez, et al. (2002), who
assessed subjective effects more frequently over time, also
reported that peak effects occurred at 90 min after drug admin-
istration after which effects declined. Third, although the
ARCI measures several aspects of subjective performance, we
did not directly assess subjective driving performance. We
would recommend such a measure in future studies as it
would provide a simple yet effective method of relating objec-
tive driving abilities to subjective perception of driving perfor-
mance (Kuypers, et al., 2006). Last, our conclusions are based
on a BAC of 0.56‰. As suggested in the discussion of the
effects of ethanol on MDMA kinetics, ethanol effects might be
dose-dependent, an issue which warrants further research.

In conclusion, we have shown that MDMA significantly
increased psychomotor speed but not accuracy and induced
significant subjective arousal, effects which were maximal
around MDMA Cmax and declined thereafter. In contrast,
Ethanol impaired both psychomotor speed and accuracy and
induced sedation. Only the latter effect did not correspond
with ethanol kinetics, and sedation was observed during the
descending limb of the BAC profile only. Coadministration of
MDMA with ethanol reversed ethanol-induced sedation and
improved psychomotor speed to above placebo levels, although
psychomotor accuracy remained impaired. These findings may
have implications for general functioning and when driving.
Individuals will be more aroused when intoxicated with both
substances, which may provide a false sense of better perfor-
mance, although the accuracy of their performance is actually
significantly impaired.
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