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ABSTRACT
Cell-mediated immune response and release of cytokines after
the administration of 3,4-methylenedioxymethamphetamine
(MDMA, “ecstasy”) alone and in combination with ethanol were
assessed in a double blind, randomized, crossover, controlled
clinical trial. Six healthy male recreational users of MDMA par-
ticipated in four different experimental sessions, with a washout
interval between sessions of 1 week, in which single oral doses
of MDMA (100 mg), ethanol (0.8 g/kg), the combination of both
drugs, and placebo were tested. Acute MDMA administration
produced a time-dependent immune dysfunction in association
with serum concentrations of the drug as well as cortisol stim-
ulation kinetics. Although total leukocyte count remained un-
changed, there was a decrease in the CD4 T/CD8 T-cell ratio
due to a decrease in both the percentage and absolute number
of CD4 T-helper cells and simultaneous increase in natural killer

(NK) cells. Ethanol consumption produced a decrease in T-
helper cells and B lymphocytes. The combination of MDMA and
ethanol caused the highest suppressive effect on CD4 T cells
and increasing effect in NK cells. Drugs treatment produced a
high increase of immunosuppressive cytokines (transforming
growth factor-b and interleukin-10) and a switch from Th1-type
cytokines (interleukin-2 and interferon-g) to Th2-type cytokines
(interleukin-4 and interleukin-10). Disregulation in the produc-
tion of pro- and anti-inflammatory cytokines with an unbalance
toward anti-inflammatory response was also observed. The
immune function shows a trend toward baseline levels at 24 h
after MDMA kinetics. This transient defect in immunological
homeostasis, if temporarily repeated, might alter the immune
response with a risk for the general health status.

3,4-Methylenedioxymethamphetamine (MDMA, “ecstasy”)
is a widely abused psychomotor stimulant with behavioral
effects similar to those elicited by amphetamines and hallu-
cinogens (Peroutka et al., 1988; Wright and Pearl, 1995).
MDMA is consumed either alone or in combination with
other drugs, as ethanol and cannabis (Gamella and Roldan,
1997).

MDMA use has been associated with neurochemical, be-
havioral, and endocrine alterations similar to those produced
by exposure to acute stress (Mas et al., 1999). It has been
shown that stress can produce immune dysfunction and al-
teration of the distribution of immune cells (Breznitz et al.,
1998). In vitro exposure to MDMA resulted in a modulation

of several immune functional parameters such as T-cell reg-
ulatory function, cytotoxic T-lymphocyte activity, natural
killer (NK) cell activity, and macrophage function (House et
al., 1995). Administration of MDMA in rats caused a rapid
and sustained suppression of induced lymphocyte prolifera-
tion and a significant decrease in circulating lymphocytes,
which were accompanied by a significantly rapid increase in
plasma corticosterone concentrations. It was postulated that
the result of altered induced proliferation response of lym-
phocytes could have been due to a combined effect of direct
action of MDMA on lymphocytes and to the activation of the
hypothalamic-pituitary-adrenal (HPA) axis and/or the sym-
pathetic nervous system via central mechanisms (Connor et
al., 1998). In addition, a dose-related differential alteration
in T-helper cell function has been reported (Connor et al.,
1999). Acute MDMA administration was also found to en-
hance NK cell activity in mice (Pacifici et al., 1999a).
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The immunomodulating properties of MDMA in humans
were recently investigated in two studies. In the first study
(Pacifici et al., 2000), acute MDMA treatment was shown to
produce a time-dependent immune dysfunction associated
with MDMA plasma concentrations. Although total leuko-
cyte count remained unchanged, there was a decrease in CD4
T-helper cells and in CD4 T-helper/CD8 T-suppressor cell
ratio, whereas the percentage of NK cells significantly in-
creased. A rise in cortisol plasma concentrations similar to
that observed in the rat model supported the hypothesis of
MDMA-induced release of corticotrophin-releasing factor
from the median eminence of the hypothalamus and subse-
quent HPA axis and sympathetic nervous system activation.
In the second study (Pacifici et al., 1999b), cell-mediated
immune response was investigated after the administration
of MDMA alone and in combination with ethanol in a limited
number of subjects. The decrease in CD4 T-cell counts and
simultaneous increase in NK cell activity were confirmed and
a decrease in the functional responsiveness of lymphocytes to
mitogenic stimulation was also observed after MDMA admin-
istration. Ethanol consumption produced a decrease of T-
helper cells and B lymphocytes and in the phytohemaggluti-
nin (PHA)-induced lymphocyte proliferation. Combined
MDMA and ethanol produced the greatest suppressive effect
on CD4 T-cell count and PHA-stimulated lymphoprolifera-
tion.

Proliferation and differentiation of lymphocytes are gener-
ally controlled by cytokines. There are two different subsets
of helper T cells defined by their profile of cytokine produc-
tion and resulting activation of different immune responses
(Mosmann and Coffman, 1989). Th1-type cells predomi-
nantly produce interleukin-2 (IL-2), interferon-g (IFNg), and
tumor necrosis factor-b (TNFb) and are generally associated
with inducing cell-mediated immune responses. Conversely,
Th2-type cells produce IL-4, IL-5, IL-6, and IL-10, which are
generally associated with humoral immune response. In ad-
dition, IL-2 and IFNg share with IL-1b and TNFa proinflam-
matory properties and are known to play a role in the patho-
genesis of infections and autoimmune diseases (Schreurs,
1993). On the other hand, IL-4 and IL-10 together with
transforming growth factor-b1 (TGFb1) are pleiotropic anti-
inflammatory cytokines known to produce profound effects
on cells involved in the immune response (Whiteside, 1994).
Thus, cytokines appear to be required for almost all immu-
noregulatory activities, representing potential targets for
drug-related immunomodulation (Arai et al., 1990). For this
reason, measurement of the expression or secretion of vari-
ous cytokines was proposed as a strategy for early detection
of immunotoxicity (Pallardy et al., 1998).

Studies in rats have shown that administration with
MDMA increases the secretion of Th1-type cytokine IL-2
without altering the related Th1-type cytokine IFNg and
inhibited lipopolisaccharide-induced TNFa secretion from
stimulated blood cultures, suggesting an impairment of mac-
rophage activity (Connor et al., 2000). These data prompted
Connor et al. (2000) to consider their impact on susceptibility
to bacterial/viral infections.

The present investigation was designed to examine in
healthy volunteers acute immunological changes after ad-
ministration of MDMA alone and in combination with etha-
nol. Immune parameters were correlated with blood ethanol
and plasma MDMA and cortisol concentrations.

Materials and Methods
Subjects. Male subjects were recruited by “word of mouth”. Eli-

gibility criteria required the recreational use of MDMA on at least
five occasions. Exclusion criteria included consumption of more than
20 cigarettes per day and more than 50 g of ethanol/day (6 units/day).
Subjects who fulfilled the inclusion criteria were then interviewed by
a psychiatrist (structured clinical interview for DSM-IV) to exclude
individuals with a history of major psychiatric disorders, including
schizophrenia, psychosis, and major affective disorder. Each partic-
ipant underwent a general physical examination, routine laboratory
tests, urinalysis, and a 12-lead electrocardiogram.

A total of six volunteers was included in the study. The partici-
pants had a mean age of 23 years (range 19–36), mean weight of 67.0
kg (range 59–76), and mean height of 175.4 cm (range 169–187). All
the subjects declared to be MDMA consumers (times of consumption:
range 5–100, mean 24). All subjects but one were current smokers
with a range of 0 to 20 cigarettes/day. Their average consumption of
ethanol was 1.7 units/day (1 unit 5 8 g of ethanol), and all of them
were habitual users of cannabis with a previous experience with
cocaine and methamphetamine consumption. None had history of
abuse or drug dependence according to DSM-IV criteria (except for
nicotine dependence), nor any medical or psychiatric adverse reac-
tion after MDMA consumption. Subjects were phenotyped for
CYP2D6 activity using dextromethorphan as a drug probe. The
destromethorphan/dextrorphan ratio was used to classify subjects as
poor or extensive metabolizers (Schmid et al., 1985). All participants
were extensive metabolizers.

All volunteers gave their written informed consent before inclu-
sion in the study and were economically compensated for inconve-
niences caused by their participation in the study. The study was
conducted in accordance with the Declaration of Helsinki, approved
by the Ethical Committee of our institution (CEIC-IMAS), and au-
thorized by the “Dirección General de Farmacia y Productos Sani-
tarios” (number 98/112) of the Spanish Ministry of Health.

Study Design. Subjects participated as outpatients in four 10-h
experimental sessions, which were separated by a 1-week washout
period. The study design was double blind, double dummy, random-
ized, crossover, and controlled. Treatment conditions were randomly
assigned using a balanced 4 3 4 latin-square design. In the four
study sessions, subjects arrived at the laboratory at 8:00 AM after an
overnight fast and had an indwelling intravenous catheter inserted
into a subcutaneous vein in the forearm of the nondominant arm.
Thereafter, they remained seated in a quiet room throughout the
session. MDMA was administered around 9:30 AM and ethanol
around 10:00 AM. Volunteers were allowed to ingest the ethanolic
beverage in a time period of 15 min. At 3 and 6 h after drug
administration subjects had a light meal. Tobacco smoking was
permitted 6 h after drug administration. The room temperature
during the trial remained constant between 20 and 21°C. Volunteers
were requested to abstain from consumption of any drug of abuse
during the study period, and urine drug testing was performed
before each experimental session for opioids, cocaine, cannabis, and
amphetamines. For all four groups of substances tested, all volun-
teers were negative before each experimental session. Some vari-
ables not included in the present report such as physiological
changes as well as subjective effects and psychomotor performance
were also measured.

Drugs. The four drug conditions were as follows: 100 mg of d,l-
MDMA and placebo of ethanol; 0.8 mg/kg ethanol and placebo of
MDMA; 100 mg of d,l-MDMA and 0.8 mg/kg ethanol; and placebos of
MDMA and ethanol. The dose of MDMA was selected according to a
pilot study (Pacifici et al., 1999b)

MDMA was supplied by the Spanish Ministry of Health. MDMA
and MDMA-placebo were prepared by the Pharmacy Service of Hos-
pital del Mar (Barcelona, Spain) as identically appearing opaque,
white, soft-gelatin capsules, and administered in fasting state with
100 ml of tap water (two capsules each time). Ethanolic beverage was
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prepared combining vodka (Absolut, Åhus, Sweden) and tonic water
(Schweppes, Madrid, Spain) with a total ethanol dose of 0.8 mg/kg.
Several drops of aromatic bitters and lemon juice were also added to
mask ethanol placebo made with tonic water. Final volume was 350
ml.

Determination of MDMA and Ethanol Plasma Concentra-
tion. Blood samples for determination of MDMA and ethanol con-
centrations were drawn before treatment and at 1, 2, 4, 6, 8, 10, and
24 h after drug administration. MDMA was determined in plasma by
gas chromatography equipped with a nitrogen-phosphorus detector
(Ortuño et al., 1999). Blood ethanol concentrations were determined
by a headspace injection technique and gas chromatography
equipped with a flame ionization detector (Farré et al., 1997).

Determination of Plasma Cortisol. Plasma cortisol concentra-
tions were determined by fluorescence polarization immunoassay
(Abbott Laboratories, Chicago, IL) according to the manufacturer’s
instructions. The intra-assay coefficients of variation were 2.9 and
2.6 for low (4.0 mg/dl) and high (40.0 mg/dl) controls, respectively. The
assay sensitivity is reported to be 0.45 mg/dl.

Blood Cell Preparation for Immunological Tests. Blood sam-
ples for immunological tests were drawn before treatment and at 1,
1.5, 2, 6, and 24 h after drug administration. Peripheral blood was
collected in evacuated tubes containing ethylenediaminetetraacetic
acid (0.47 M). Complete blood profile and count were obtained for
each participant. Peripheral blood mononuclear cells were obtained
by centrifuging whole blood on a Ficoll-Hipaque density gradient.
Peripheral blood mononuclear cells were rinsed and suspended in
tissue culture (RPMI-1640) containing penicillin (100 U/ml), strep-
tomycin (100 mg/l), and 10% fetal bovine serum.

Peripheral Blood Mononuclear Cell Stimulation. Peripheral
blood mononuclear cells (1 3 107 cells/ml) were cultured on 96-well
tissue culture plates and stimulated with 2 mg/ml PHA for interleu-
kin induction. After 72-h incubation at 37°C, plates were centrifuged
at 800g for 10 min, and supernatants collected and stored at 280°C
(Pacifici et al., 1995). All samples of the same subject were assayed
in the same analytical batch.

Cytokine Assay in Culture Supernatant. For quantitative
measurement of IL-1b, IL-4, IL-6, IL-10, TNFa, and IFNg, six spe-
cific solid phase sandwich enzyme-linked immunosorbent assay per-
formed on monoclonal antibody-coated microtiter plate were used
(Biosource; Celbio, Milan, Italy). For quantitative measurement of
IL-2 and TGFb1 two specific solid phase enzyme-amplified sensitiv-
ity immunoassays performed on monoclonal antibody-coated micro-
titer plate were used (Biosource). Tests were performed according to
the manufacturer’s instructions. Samples and IL standards were
assayed simultaneously and in duplicate. The standard curves (as-
say sensitivity) were as follows: IL-1b, 0.31 to 20 (0.19) pg/ml; IL-2,
0.9 to 30 (0.1) U/ml; IL-4, 0.39 to 12.5 (0.27) pg/ml; IL-6, 0.16 to 5.0
(0.10) pg/ml; IL-10, 0.78 to 25 (0.21) pg/ml; TNFa, 0.5 to 16 (0.1)
pg/ml; IFNg, 15.6 to 500 (4) pg/ml; and TGFb1, 16 to 2000 (2) pg/ml.
Cell culture samples were appropriately diluted with the cell culture
medium to enter calibration curve ranges. Assay performance was
tested using two concentrations of cytokines in culture medium

throughout the procedure. Mean intra-assay and interassay coeffi-
cients of variation were ,6%.

Lymphocyte Immunophenotyping. A total of 100 ml of whole
blood was stained using 20 ml of monoclonal antibody reagent. Bec-
ton Dickinson (Becton Dickinson Italia S.p.A., Milan, Italy) fluores-
cence-activated cell-sorting analysis lysing solution was used to lyse
red cells after which stained cells were washed once with PBS and
fixed with 1% paraformaldehyde. Stained and fixed lymphocytes
were analyzed using an Ortho Cytoron Absolute 4 flow cytometer
(Ortho Instruments, Ortho-Clinical Diagnostic, Milan, Italy). The
LeucoGATE (CD45/CD14) fluorescent information, with forward and
side scatter, was used to set an electronic gate around the lymphoid
population. This gate included at least 95% lymphocytes and less
than 5% nonlymphocytes (granulocytes, monocytes, and debris). Du-
al-color immunophenotyping was performed using the following Bec-
ton Dickinson matched murine monoclonal antibody reagents di-
rectly conjugated to phycoerythrin (PE) or fluorescein isothiocyanate
(FITC): CD14/PE-CD45/FITC (leucogate reagent for electronic gat-
ing), CD8/FITC-HLA-DR/PE (cytotoxic/suppressor cells), CD4/FITC-
HLA-DR/PE (helper/inducer cells), CD3/PE-CD16-CD56/FITC (T
mature lymphocytes and natural killer cells), and CD3/PE-CD19/
FITC (T mature lymphocytes and B lymphocytes). The absolute
number of lymphocytes was calculated by multiplying the percent-
age of each lymphocyte subset in the flow cytometer by the absolute
lymphocyte count.

Statistical Analysis. Values from lymphocyte subsets, plasma
cortisol concentrations, and cytokines were transformed to differ-
ences from baseline. The peak effect in the first 6 h (maximum
absolute change from baseline values) and the 6-h area under the
curve (AUC) of effects versus time calculated by the trapezoidal rule
were determined for each variable. These transformations were an-
alyzed by a one-way repeated measures ANOVA with treatment
conditions as factor. When ANOVA results showed significant differ-
ences between treatment conditions, post hoc multiple comparisons
were performed using Tukey’s test. Additional comparison of time
course of the effects was conducted using repeated measures two-
way ANOVA with treatment condition (four) and time (0 to 6 h) as
factors. When treatment condition or the treatment condition 3 time
interaction was statistically significant, multiple Tukey’s post hoc
comparisons were performed at each point of time using the mean
square error term of the treatment condition 3 time interaction.
Differences associated with p values lower than 0.05 were considered
to be statistically significant.

Results
Data on immunological parameters (lymphocyte subsets

and cytokine production) before the first drug treatment are
shown in Table 1. A two-way ANOVA (immunological param-
eter versus experimental day) analysis did not show differ-
ences in basal values along study time in all parameters
tested for the six volunteers. Statistical analysis of results for

TABLE 1
Basal lymphocyte subpopulations and cytokine production in healthy volunteers (n 5 6)

Lymphocyte Subsets, Mean (S.D.)

CD4 CD4/CD8 NK CD19

cell/ml cell/ml

1,293.4 (221.9) 1.90 (0.27) 127.3 (105.1) 252.4 (125.4)

Cytokine Production, Mean (S.D.)

IL-1b IL-2 IL-4 IL-6 IL-10 TNFa IFNg TGFb1

pg/ml U/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml

230.3 (85.9) 12.6 (2.7) 4.2 (1.4) 13,365.6 (2,330.3) 908.0 (206.3) 4,930.2 (1,311.0) 10,615.3 (1,605.2) 563.0 (167.8)

CD4, CD4-positive T lymphocytes; CD8, CD8-positive T lymphocytes; CD4/CD8, CD4-CD8 ratio; CD19, B lymphocytes.
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treatment conditions and changes over the time in blood
lymphocyte subsets, plasma cortisol concentrations, and cy-
tokine production by stimulated peripheral blood mononu-
clear cells induced by the study drugs are presented in Tables
2 and 3 and in Figs. 1 and 2. Both acute MDMA and combined
MDMA and ethanol treatments produced an immune dys-
function. Immune dysfunction was time-dependent and par-
alleled MDMA plasma drug concentrations, MDMA induced
cortisol stimulation kinetics (Fig. 3), and blood ethanol con-
centrations (mean and S.D. of Cmax: 1280 6 170 mg/l for
ethanol administration and 1051 6 59 mg/l for MDMA-eth-
anol coadministration; mean and S.D. of Tmax: 2.0 6 0.5 h for
ethanol administration and 1.4 6 0.3 h for MDMA-ethanol
coadministration).

In case of MDMA administration, all alterations regarding
lymphocyte subsets tested peaked between 1 and 2 h from
start of the treatment. Particularly, although total leukocyte
count remained unchanged, there was a decrease in the CD4
T/CD8 T-cell ratio with a mean peak difference of 20.596
between MDMA and placebo because of decreased proportion
of circulating T-helper cells (CD4). No differences were found
in the amount of cytotoxic/suppressor lymphocytes (CD8) and
of B lymphocytes (CD19). In contrast, there was a high in-
crease of NK cells with a mean peak difference of 311 cells/ml.

Ethanol consumption produced a significant decrease in
the proportion of circulating T-helper cells and B lympho-
cytes (CD19) without altering values of NK cells. Combined
MDMA and ethanol produced the greatest suppressive effect
on CD4 T-cell count and CD4 T/CD8 T-cell ratio. In fact, the
mean peak difference between the combination and the pla-
cebo groups was 2497 cells/ml for CD4 T-cell count and 20.74
for CD4 T/CD8 T-cell ratio. Conversely, the effect of coadmin-
istration of MDMA and ethanol on the reduction of CD19 was

less potent than that of ethanol alone. This observation may
be related to calculated AUC 0 to 6 h (expressed in mg/l 3
h21) of ethanol for both treatment conditions (3769 6 213 for
the combination versus 4082 6 292 for the ethanol group). As
shown in Fig. 3, cortisol plasma concentrations were un-
changed in placebo and ethanol treatment conditions,
whereas MDMA and combination treatments produced a sta-
tistical rise in cortisol concentrations at 2 h after drug ad-
ministration. Peak drug effects of MDMA versus placebo
presented a mean difference of 19.1 mg/dl. When ethanol was
coadministered with MDMA, mean peak difference was 15.7
mg/dl.

MDMA treatment was associated with a decrease in the
production of the Th1-type cytokines IL-2 and IFNg (peak
effect of 210.53 U/ml and 24214.5 pg/ml, respectively) and
an increase in the production of the Th2-type cytokines IL-4
and IL-10 (peak effect of 4.5 pg/ml and 1209.5 pg/ml, respec-
tively). Ethanol treatment produced a decrease of IL-2 secre-
tion with a peak difference with placebo of 27.3 U/ml and a
peak IL-10 increase of 518.1 pg/ml.

The equilibrium between proinflammatory (IL-1b, TNFa,
and IL-6) and anti-inflammatory (IL-10, IL-4, TGFb1) cyto-
kines was disrupted by coadministration of MDMA and eth-
anol. A general trend of decrease in proinflammatory cyto-
kine secretion was observed between ethanol consumption
and placebo. Peak differences between treatments were
2117.1, 22170, and 25338.8 pg/ml, respectively. In contrast,
the anti-inflammatory cytokine TGFb1 presented a peak in-
crease difference induced by ethanol versus placebo of 477.3
pg/ml. MDMA treatment produced a decrease in TNFa and
IL-6 production by stimulated peripheral blood mononuclear
cells (peak difference with placebo 23445.2 and 25753.7
pg/ml, respectively) and a peak TGFb1 increase of 1362.1

TABLE 2
Statistical results of lymphocyte subsets and blood cortisol level (area under the curve and peak effects from 0 to 6 h, n 5 6)

Variable
ANOVA (df)a

Tukey Multiple Comparison Test

Placebo MDMA Alcohol

F p Value Alcohol MDMA MDMA-OH Alcohol MDMA-OH MDMA-OH

Lymphocyte subsets
CD4 AUC 48.090 ,0.001 ** ** ** * ** **

Peak 51.963 ,0.001 ** ** ** * * **
C*T 19.121 ,0.001 1, 1.5, 2 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6

CD8 AUC 0.908 0.460
Peak 0.691 0.572
C*T 0.633 0.839

CD4/CD8 AUC 21.756 ,0.001 ** ** * N.S. N.S. **
Peak 29.745 ,0.001 ** ** ** N.S. N.S. **
C*T 12.546 ,0.001 1, 1.5, 2 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2 1 1, 1.5, 2, 6

NK AUC 30.084 ,0.001 N.S. ** ** ** N.S. **
Peak 53.222 ,0.001 N.S. ** ** ** N.S. **
C*T 23.137 ,0.001 N.S. 1,1.5, 2, 6 1, 1.5, 2, 6, 24 1, 1.5, 2, 6 2 1, 1.5, 2, 6, 24

CD19 AUC 1.223 0.336
Peak 2.448 0.104
C*T 4.084 ,0.001 1, 1.5, 2 N.S. 1 1, 1.5, 2 N.S. 1.5, 24

Neuroendocrine variables
Cortisol AUC 4.250 0.023 N.S. N.S. N.S. N.S. N.S. N.S.

Peak 5.312 0.011 N.S. * N.S. N.S. N.S. N.S.
C*T 9.182 ,0.001 N.S. 2, 4 2 2 N.S. 2

MDMA-OH, MDMA and alcohol combination; CD4, CD4-positive T lymphocytes; CD8, CD8-positive T lymphocytes; CD4/CD8, ratio of CD4 and CD8 cells; CD19, B
lymphocytes; N.S., not significant; blank, not done (ANOVA not significant).

* p , 0.05.
** p , 0.01.
a df 3,15 for AUC and peak; df 15,75 for C*T.
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pg/ml. When MDMA was combined with ethanol there was
an additive phenomenon regarding cytokine production by
stimulated peripheral blood mononuclear cells. Immune
function was partially restored at 24 h for all treatment
conditions.

Discussion
The results show that MDMA administered at doses com-

patible with its recreational use cause pronounced changes in
certain immunological parameters and that these changes
occur very rapidly. Indeed, 1 h after the administration,
there was a significant reduction of CD4 T-cell count and an
increase of NK cell count. These changes in immune function
are linked to increased cortisol concentration, which is in
turn a consequence of the effects of MDMA administration on
central monoaminergic system with the release of corticotro-
phin-releasing factor and subsequent activation of the HPA
axis (Grob et al., 1996). These findings are consistent with
results of a pilot study where two different doses of MDMA
and 0.8 g/kg ethanol were tested (Pacifici et al., 1999b) and
with those of in vitro testing of several 4-substituted amphet-
amines (Gagnon et al., 1994). Cocaine has been associated
with immune alterations in NK cells and helper T cells sim-
ilar to those observed for MDMA and with activation of the
HPA axis, which led to elevation of cortisol levels in humans
(Van Dyke et al., 1986; Ruiz et al., 1994; Pellegrino and
Bayer, 1998).

Cytofluorimetric analysis revealed that reductions of lym-
phocyte subset counts were mainly due to T cells and not to

B cells. Because evidence suggested that CD4 T-cell function
might be suppressed after MDMA treatment, it was investi-
gated whether peripheral blood mononuclear cells exhibited
altered Th1-type Th2-type cytokine production, because it is
known that Th1/Th2 ratio exerts important effects on the
balance of cellular and humoral immunity (Romagniani,
1991). The present data show that MDMA treatment was
associated with a decrease in the production of Th1-type
cytokines IL-2 and IFNg and an increase in the production of
the Th2-type cytokines IL-4 and IL-10. These results sug-
gested that MDMA might be inducing an unbalanced differ-
entiation of the lymphocytes in peripheral blood as suggested
from decrease of CD4 T lymphocytes proportion observed,
explaining in part the immunodysfunction caused by MDMA
consumption. These findings are consistent with those of
Baldwin et al. (1998) and Stanulis et al. (1997) who found
disruption of Th1/Th2 balance with a shift toward Th2-type
cytokines after the use of cocaine.

Results from the pilot study (Pacifici et al., 1999b) showed
that MDMA also impaired lymphoproliferative response to
mitogenic stimulation. IL-2, one of key cytokines involved in
lymphocyte proliferation, behaves as a hormone-like growth
factor that stimulates proliferation of activated T lympho-
cytes. The decrease of IL-2 secretion, directly correlated with
decreasing numbers of CD4 cells in blood of treated subjects,
supports IL-2 contribution to the decrease of the lymphopro-
liferative response. Our results are not in agreement with
findings of Connor et al. (2000) in rats, who found that
individual Th1-type cytokines IL-2 and IFNg were differen-

TABLE 3
Statistical results of cytokines production (area under the curve and peak effects from 0 to 6 h, n 5 6)

Variable
ANOVA (df)a

Tukey Multiple Comparison Test

Placebo MDMA Alcohol

F p Value Alcohol MDMA MDMA-OH Alcohol MDMA-OH MDMA-OH

Cytokine production
IL-1b AUC 14.769 ,0.001 ** N.S. ** ** ** N.S.

Peak 19.226 ,0.001 ** N.S. ** ** ** N.S.
C*T 6.147 ,0.001 1, 1.5, 2, 6 N.S. 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6 N.S.

IL-2 AUC 99.040 ,0.001 ** ** ** ** N.S. **
Peak 115.102 ,0.001 ** ** ** ** N.S. **
C*T 13.658 ,0.001 1, 1.5, 2, 6 1, 1.5, 2, 6, 24 1, 1.5, 2, 6, 24 1, 1.5, 2 N.S. 1, 1.5, 2, 6, 24

IL-4 AUC 67.950 ,0.001 N.S. ** ** ** N.S. **
Peak 56.090 ,0.001 N.S. ** ** ** N.S. **
C*T 32.118 ,0.001 N.S. 2,6, 24 2, 6, 24 2, 6, 24 N.S. 2, 6, 24

IL-6 AUC 64.675 ,0.001 ** ** ** * * **
Peak 119.369 ,0.001 ** ** ** N.S. ** **
C*T 17.388 ,0.001 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2 2, 6 1, 1.5, 2, 6

IL-10 AUC 167.702 ,0.001 ** ** ** ** * **
Peak 76.985 ,0.001 ** ** ** ** N.S. **
C*T 28.713 ,0.001 1.5, 2 1, 1.5, 2, 6 1, 1.5, 2, 6 1, 1.5, 2, 6 N.S. 1, 1.5, 2, 6

TNFa AUC 53.297 ,0.001 ** ** ** ** N.S. **
Peak 67.511 ,0.001 ** ** ** ** N.S. **
C*T 15.290 ,0.001 2, 6 1.5, 2, 6 1.5, 2, 6 1.5, 2, 6 N.S. 1.5, 2, 6

IFNg AUC 71.976 ,0.001 N.S. ** ** ** N.S. **
Peak 75.818 ,0.001 N.S. ** ** ** N.S. **
C*T 19.467 ,0.001 N.S. 1, 1.5, 2, 6 1.5, 2, 6 1, 1.5, 2, 6 N.S. 1, 1.5, 2, 6

TGFb1 AUC 48.923 ,0.001 N.S. ** ** ** * **
Peak 38.696 ,0.001 N.S. ** ** ** N.S. **
C*T 14.732 ,0.001 2, 6 1.5, 2, 6 1.5, 2, 6 1.5, 2, 6 6 1.5, 2, 6

MDMA-OH, MDMA and alcohol combination; N.S., not significant; blank, not done (ANOVA not significant).
* p , 0.05.
** p , 0.01.
a df 3,15 for AUC and peak; df 15,75 for C*T.
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tially affected by the drugs with MDMA increasing IL-2
production and not IFNg secretion.

Both IFNg and IL-2 are cytokines produced by Th1 cells
and it is coherent that production pattern of the two Th1-
type-associated cytokines showed similar kinetic patterns in
our study. Decreased release of IL-2 and IFNg by activated T
cells may be another mechanism through which MDMA ex-
erts its immunomodulatory effect. In addition, the equilib-
rium between proinflammatory (such as IL-1b, TNFa, and
IL-6) and anti-inflammatory (IL-10, IL-4, TGFb1) cytokines,
known to play an important role in the inflammatory and
immune response (Arai et al., 1990), was altered by MDMA
administration. Stimulated peripheral blood mononuclear
cells of MDMA-treated subjects released a significantly
higher amount of anti-inflammatory cytokines (IL-10,
TGFb1, IL-4) and a significantly lower amount of proinflam-
matory cytokines (IL-6, TNFa) compared with baseline. In
particular, IL-10 concentration, one of the important anti-
inflammatory and immunoregulatory cytokines (Mosmann,
1994), was more than 2-fold just after 1 h from MDMA
administration. An increase of TGFb1 quantitatively similar
to that of IL-10 but with a more retarded kinetic profile (peak
concentration at 2 h) has been also observed, in agreement
with what was previously reported for cocaine (Mao et al.,
1997). TGFb1, a pleiotropic immunosuppressive and anti-

inflammatory cytokine, has been reported to be involved in
negative immunoregulatory functions, such as inhibition of
the proliferative response and cytokine production by
T-helper cells (Sosroseno and Herminajeng, 1995). TGFb1 is
also known to shift the Th1/Th2 balance toward Th2-type
cytokine. Therefore, it may be postulated that the dispropor-
tional increase in IL-10 and TGFb1 levels could compromise
the T-cell functions by the direct inhibitory effect on T-cell
proliferation and by promoting the expansion of T-helper
2-type immune response versus T-helper 1 cell activation.

Acute ethanol treatment produced a significant decrease in
the absolute number of T-helper cells and B lymphocytes,
and a decrease of proinflammatory cytokines TNFa and
IL-1b with a simultaneous increase of inhibitory cytokines
TGFb1 and IL-10. These results are consisted with those of
Sacanella et al. (1998) and Mandrekar et al. (1996). Ethanol-
induced elevation of the IL-10 and TGFb1 levels contributed
to the decreased TNFa production. Down-regulation of in-
flammatory cytokines TNFa and IL-1b in blood monocytes
and alveolar macrophages by acute ethanol treatment has
been reported (Verma et al., 1993) and decreased production
of TNFa and other inflammatory cytokines by alveolar mac-
rophages in chronically ethanol-fed animals has been impli-
cated as one of the pivotal mechanisms contributing to the

Fig. 1. Time course (0–24 h) of drug effects on lymphocyte subsets (differences from baseline). Data points represent means from six subjects. E, 100
mg of MDMA plus 0.8 mg/kg alcohol; ‚, 100 mg of MDMA; ƒ, 0.8 mg/kg alcohol; and M, placebo. At each time filled symbols indicate a significant
difference from placebo (p , 0.05). Differences between active conditions are detailed in Table 2.
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Fig. 2. Time course (0–24 h) of drug effects on cytokine production (differences from baseline). Data points represent means from six subjects. E, 100
mg of MDMA plus 0.8 mg/kg alcohol; ‚, 100 mg of MDMA; ƒ, 0.8 mg/kg alcohol; and M, placebo. At each time filled symbols indicate a significant
difference from placebo (p , 0.05). Differences between active conditions are detailed in Table 3.
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increased susceptibility to bacterial pneumonians (Nelson et
al., 1989).

Abnormalities of immune function were more pronounced
when combining MDMA and ethanol. In combination treat-
ment, more than an interaction between both drugs in syn-
ergistic terms, it seems that an additive phenomenon be-
tween activities of both drugs on immune function happened.
The only exception was represented by the reduction of B
lymphocytes, which was more pronounced when ethanol was
administered alone. Despite the current belief that nonalco-
holic beverages are consumed with MDMA, present findings
are clinically relevant because Gamella and Roldan (1997)
have reported ethanol consumption in association with
MDMA in up to 76% of the cases.

Moreover, if we consider the use of MDMA, alone and in
combination with ethanol as a stressing condition for the
central nervous system, rapid and intense effects on the
immune response observed in this clinical trial are not sur-

prising. In major stress and in major depression a shift has
been observed of the Th1/Th2 balance toward a Th2-type and
a Th1-type immune response, respectively. On the other
hand, under stressed conditions, the interaction between
cells of the immune and nervous system are augmented. It
has been recently proposed that there might be a balance
between microglia and astrocytes in regulating local immune
reaction, including Th1/Th2 responses and secretion of in-
flammatory mediators (Xiao and Link, 1999).

Acute administration of MDMA alone and in combination
with ethanol alters several parameters of immune function
in humans. MDMA impaired CD4 T-cell function, responsible
for cellular immunity, whereas ethanol consumption pro-
duced a decrease in B lymphocytes, known to be responsible
for humoral immunity. Hence, in case of MDMA and ethanol
coadministration, both cell-mediated and humoral immunity
are affected. Changes are transient and immune status
shows a trend toward baseline levels at 24 h. Nonetheless,
recovery of function at pre-exposure levels could require en-
ergetic consumption whose cost on health is difficult to eval-
uate. Indeed, if we examine basal values of lymphocyte sub-
sets in volunteers of this study, which are recreational
healthy consumers of designer drugs, they are within the
ranges obtained in a population of blood Spanish donors
having same age interval (Larrea et al., 1998). However, it
can be noted that volunteers of the study presented values of
CD4 (1293.4 6 221.9 cells/ml) skewed in the upper side of the
range of healthy donors (1004.6 6 443.8 cells/ml) and values
of NK (127.3 6 105.1 cells/ml) with a trend toward low values
of blood donors (246.6 6 180.3 cells/ml). Such observations
cannot be linked causally to MDMA consumption because
volunteers of the present experiment are concurrent misus-
ers of other substances. There are several reports on the
impact of substances such as nicotine, cannabinoids, or co-
caine on the immune system, suggesting that in acute con-
ditions they are able to induce profound alterations, whereas
in chronic consumers results are more contradictory (Pelle-
grino and Bayer, 1998). Nevertheless, even a transient defect
in immunological homeostasis such as inflammatory cell re-
cruitment and activation may alter immune function with
clinical consequences not immediately measurable. Recently,
it has been suggested that outcome of different conditions of
unknown cause, such as multiple sclerosis, chronic fatigue
syndrome, rheumatoid arthritis, or chronic hepatitis, can be
related to immune dysregulation (Koziel et al., 1992; La-
manca et al., 1999; Ohshima et al., 1999). In addition, results
of this study were obtained in the laboratory setting as op-
posed to usual MDMA consumption pattern, i.e., in associa-
tion with other drugs (ethanol, cannabis, cocaine, and tobac-
co), crowded conditions, stressed physical activity, without
control of food intake. This fact could lead to more pro-
nounced immunological changes with enhanced susceptibil-
ity to infectious diseases and immunocorrelated pathologies.
It has been suggested that cocaine, which displays a common
pattern of immune function alteration with MDMA, may be
linked of a higher risk of infectious diseases, including AIDS
(Pellegrino and Bayer, 1998). The follow-up of a cohort of
MDMA consumers and matched controls would be the most
powerful approach to assess long-term effects of MDMA on
immune system.

Fig. 3. Plasma concentration-time curve (0–6 h) for MDMA, and time
course (0–6 h) of drug effects on plasma cortisol concentrations (differ-
ences from baseline) (n 5 6). E, 100 mg of MDMA plus 0.8 mg/kg alcohol;
‚, 100 mg of MDMA; ƒ, 0.8 mg/kg alcohol; and M, placebo. At each time
filled symbols indicate a significant difference from placebo (p , 0.05).
Differences between active conditions are detailed in Table 2.
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