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Abstract

Ž . Ž ." -3,4-methylenedioxymethamphetamine MDMA;‘Ecstasy’ is a ring substituted phenylisopropylamine that is struc-
turally related to both amphetamines and hallucinogens. The unique behavioural activating properties of MDMA have led to
its widespread abuse. MDMA induces many neurochemical, behavioural and endocrine alterations which closely resemble
those elicited by exposure to acute stress, suggesting that MDMA could be regarded as a ‘chemical stressor’. In addition to
the neurochemical, behavioural and endocrine effects of stressor exposure, it has been reported that stress produces
alterations in immune function. However, to date the effects of MDMA on immune function have been restricted to in vitro

Ž .investigations. In this study we report, for the first time, that acute in vivo administration of MDMA 20 mgrkg, i.p.
Ž .produced a rapid within 30 min suppression of Con A-induced lymphocyte proliferation and a profound reduction in the

total leucocyte count in rats that persisted for at least 6 h following injection. These alterations in immune function were
accompanied by a significant increase in plasma corticosterone concentrations 30 min post MDMA administration which had
returned to baseline values within 6 h of drug administration. In addition, there was a significant depletion in cortical 5-HT
concentrations both 30 min and 6 h after MDMA administration. The results of this study provide evidence that in addition
to the well established toxic effects of MDMA on the central serotonergic system, a single administration of this widely
abused drug induces a rapid and sustained suppression of immune function. q 1998
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1. Introduction

Ž ." -3,4-methylenedioxymethamphetamine
Ž .MDMA; ‘Ecstasy’ is a ring substituted phenyliso-
propylamine that is structurally related to both am-
phetamines and hallucinogens. The unique be-
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havioural activating properties of MDMA have led
to its widespread abuse in humans. In laboratory
animals, acute MDMA administration causes an in-
crease in the release of serotonin, increased locomo-
tor activity, changes in body temperature and activa-

Ž .tion of both the hypothalamic pituitary adrenal HPA
Ž . Žaxis and sympathetic nervous system SNS Stone

et al., 1986; McNamara et al., 1995a,b; Gudelsky
.and Nash, 1996; Grob et al., 1996 . Many of these
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MDMA-induced neurochemical, behavioural and en-
docrine alterations closely resemble those elicited by
exposure to acute stress, suggesting that MDMA
could be regarded as a ‘chemical stressor’.

In addition to the neurochemical, behavioural and
endocrine effects of stressor exposure, it has been
reported that stress produces a suppression of im-

Žmune function Shavit et al., 1984; Connor et al.,
. Ž1997 and alters immune cell distribution Dhabhar

.et al., 1995; Millan et al., 1996; Connor et al., 1997 .
However, to date the effects of MDMA on immune
function have been restricted to in vitro investiga-

Ž .tions House et al., 1995 ; in these studies MDMA
produced a suppression of IL-2 production at high
doses, but an enhancement at lower doses, with
intermediate doses failing to significantly alter this
response. In addition, in vitro MDMA also produced
a suppression of cytotoxic T-lymphocyte induction
Ž .House et al., 1995 . B-lymphocyte function was not
significantly altered by any of the MDMA concentra-

Ž .tions used House et al., 1995 . With regard to the in
vitro effects of MDMA on immune function, it is
noteworthy that lymphocytes carry a high affinity

Žserotonin transporter on their membrane Faraj et al.,
.1994 , which may facilitate the uptake of MDMA

into these cells and permit MDMA to exert a direct
effect on lymphocyte function.

Although in vitro data can be very valuable in
assessing whether or not a substance such as MDMA
has a direct effect on immune cells, such data also
has its limitations for a number of reasons. Firstly, it
is now well established that a dynamic equilibrium
exists between the neuroendocrine and immune sys-

Ž .tems. Altered central nervous system CNS function
can affect peripheral immunocompetence via the
neuroendocrine and sympathetic nervous systems
Ž .Dantzer and Kelley, 1989; Black, 1994a . In addi-
tion, products of the immune system such as cy-

Ž .tokines can modulate CNS function Black, 1994b .
MDMA produces profound effects on central sero-
tonergic, and to a lesser extent noradrenergic, and

Ždopaminergic neurotransmission Commins et al.,
.1987; Piercey et al., 1990 . One consequence of the

effects of MDMA on central monoaminergic systems
Ž .is the release of corticotropin-releasing factor CRF

from the median eminence in the hypothalamus and
consequently HPA-axis and SNS activation. It is
well established that both increased HPA-axis and

SNS activity can alter both leucocyte distribution
Žand function Bateman et al., 1989; Irwin, 1993;

.Ottaway and Husband, 1994; Dhabhar et al., 1995 .
Secondly, peripheral metabolism of MDMA may

yield active metabolites which may have direct or
indirect effects on the immune system. However, in
vitro studies do not account for the effect of metabo-
lites of MDMA on immune function.

To date, there is a lack of in vivo data on the
immunological effects of MDMA. However, some
data has been generated on the immunological ef-
fects of another serotonin releaser namely, D-fenf-

Ž .luramine. Clancy and Lorens 1996 reported that
subchronic treatment with D-fenfluramine in rats
caused an enhancement of cellular immune function

Ž .when administered at low doses 0.6–1.8 mgrkg . In
contrast, a suppression of immune function was evi-

Ž .dent after treatment with high doses 3.0–9.0 mgrkg
of D-fenfluramine. However, previous work from
this laboratory demonstrated that although both
MDMA and D-fenfluramine cause serotonin release
after acute administration, D-fenfluramine lacks the

Žbehavioural activating properties of MDMA Mc-
.Garvey et al., 1995 . In addition, previous research

which examined the effect of MDMA’s parent com-
pound, D-amphetamine, on HPA-axis activity and
immune function reported that systemic D-
amphetamine administration produced a potent acti-

Ž .vation of the HPA-axis McGarvey, 1995 , provoked
a suppression of natural killer cell activity, inhibited

Žcytotoxic T-lymphocyte responses Nunez-Iglesias et
.al., 1996 and increased lethality due to influenza

Ž .virus infection in mice Nunez et al., 1993 .
As stressor exposure has been previously associ-

ated with alterations in circulating leucocyte counts
Žand lymphocyte proliferation responses Shavit et al.,

1984; Dhabhar et al., 1995; Millan et al., 1996;
.Connor et al., 1997 , the aim of the present study

was to examine the effect of acute MDMA adminis-
tration on both circulating leucocyte number and the
functional responsiveness of lymphocytes to mito-

Ž .genic stimulation with Concanavalin A Con A . In
Ž .addition, cortical serotonin 5-HT and 5-hydroxyin-

Ž .dole acetic acid 5-HIAA concentrations and serum
corticosterone concentrations were evaluated after
MDMA administration. As MDMA-induced neuro-
chemical, endocrine and immune changes may
demonstrate differential times of onset, and differen-
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tial response duration, in the present study these
parameters were examined at two different time-

Ž .points 30 min and 6 h following acute MDMA
administration. Previous research in this laboratory
has shown that the dose of MDMA used in the

Ž .present study 20 mgrkg; i.p. produces optimal
behavioural, neurochemical and endocrine alterations

Ž .in rats McNamara et al., 1995a,b , and was there-
fore used to assess the effects of MDMA on the
immune system.

2. Methods

2.1. Subjects and procedures

ŽFemale Sprague–Dawley rats Harlan Olac,
.Bicester weighing approximately 220–250 g were

housed five per cage and maintained on a 12 h:12 h
Ž .light:dark cycle lights on at 08.00 h in a tempera-

Ž .ture controlled room 22–248C . Food and water
were available ad libitum at all times.

2.2. Drug administration

Ž .MDMA Plaistow, Cork, Ireland was dissolved
in 0.89% NaCl to give a concentration of 20 mgrml.
0.89% saline was administered alone as a vehicle to
the control group. Both MDMA and vehicle were
administered in an injection volume of 1 mlrkg

Ž .using the intraperitoneal i.p. route, and consisted of
three treatment groups:

Group 1: Control
Ž .Group 2: MDMA 20 mgrkg sacrificed 30 min

post administration
Ž .Group 3: MDMA 20 mgrkg sacrificed 6 h post

administration.
To eliminate any confounding effect of injection

stress, all animals used in the study received two
injections. Animals in Group 1 received a saline
injection both 6 h and 30 min prior to sacrifice,
animals in Group 2 received a saline injection 6 h
prior to sacrifice and an MDMA injection 30 min
prior to sacrifice and animals in Group 3 received an
MDMA injection 6 h prior to sacrifice and a saline
injection 30 min prior to sacrifice. Animals in the
control group were sacrificed intermittently between
the MDMA treated animals.

2.3. Determination of brain biogenic amine concen-
trations

The rats were sacrificed by decapitation while
under ether anaesthesia. After sacrifice, the brain
was rapidly removed and the left frontal cortex was

Ž .dissected on an ice cold plate Popov et al., 1967 .
Concentrations of 5-HT and its metabolite 5-HIAA
were measured by high performance liquid chro-

Ž .matography HPLC coupled with electrochemical
Ž .detection Seyfried et al., 1986 . The frontal cortex

was homogenised by sonication in 1.0 ml of mobile
Ž .phase pH 2.8 that was spiked with 20 ngr50 ml of

ŽN-methyl dopamine Sigma Chemical, Poole, Dorset,
.U.K. as an internal standard. The mobile phase

Žcontained 0.1 M citric acid BDH Chemicals, Poole,
.Dorset, U.K. , 0.1 M sodium dihydrogen phosphate

Ž .BDH Chemicals, Poole, Dorset, U.K. , 1.4 mM
Žoctane-1-sulphonic acid Sigma Chemical, Poole,

. ŽDorset, U.K. , 0.1 mM EDTA BDH Chemicals,
. Ž .Poole, Dorset, U.K. and 10% vrv methanol

Ž .Lab-Scan, Dublin, Ireland . The mobile phase was
Žadjusted to pH 2.8 using 4 N NaOH BDH Chemi-

.cals, Poole, Dorset, U.K. . Homogenates were cen-
trifuged at 12,000 rpm in a Hettich MikrorK refrig-
erated centrifuge for 15 min. A 20 ml sample of the
supernatant was injected directly into a reverse phase

Žcolumn LI Chrosorb RP-18, 25 cm=4 mm internal
.diameter, particle size 5 mm for separation of in-

Ž .doles and catecholamines Flow rate 1 mlrmin . An
Ž .electrochemical detector Shimadzu was coupled to

the HPLC system and was set at a potential of q0.8
V for the detection of monoamine neurotransmitters
and metabolites. The neurotransmitters were quanti-
fied using a Merck-Hitachi D-2000 integrator. Neu-
rotransmitter concentrations were expressed as ng of
neurotransmitter per g fresh weight of brain tissue.

2.4. Serum corticosterone concentrations

Prior to sacrifice the animals were anaesthetised
Ž .with diethyl ether Lab Scan, Dublin, Ireland and a

blood sample was obtained by cardiac puncture into
an anticoagulant free syringe. The blood was allowed
to clot at room temperature. Serum corticosterone
concentrations were measured using a modified

Žmethod to that described previously Glick et al.,
. Ž1964 . A corticosterone Sigma Chemical, Poole,
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. Ž .Dorset, U.K. stock solution 100 mgrdl was pre-
pared and diluted to produce a range of concentra-

Ž .tions 10–80 mgrdl . Serum samples and cortico-
sterone standards were then mixed in 600 ml

Ž .dichloromethane Lab Scan, Dublin, Ireland for 15
s. 500 ml of the resulting dichloromethane extract
phase was then transferred into a tube containing 400

Žml of concentrated sulphuric acid BDH Chemicals,
. ŽPoole, Dorset, U.K. : absolute ethanol Lab Scan,

. Ž .Dublin, Ireland 65:35 and the tubes were mixed
for 15 s using a vortex mixer. Samples were then
placed in the dark for 45 min and a 300 ml aliquot of
the lower phase was removed and the fluorescence
measured at excitation 474 nm and emission 518 nm
Ž .Perkin Elmer LS-5 spectrophotofluorimeter . The
results were expressed as mg corticosterone per dl of
serum.

2.5. Total leucocyte counts

Prior to sacrifice the animals were anaesthetised
Ž .with diethyl ether Lab Scan, Dublin, Ireland and a

blood sample for the immune assays was obtained by
cardiac puncture into a heparinized syringe. The total
leucocyte counts were performed on heparinized
whole blood samples using a haematology counter
Ž .Baker Diagnostics, Serono 9000 .

2.6. Con A-induced lymphocyte proliferation

Heparinized blood was mixed with RPMI 1640
Ž . Žmedium Gibco Life Technologies, Scotland 1:1

.dilution and layered onto 4 ml of Nycoprep
Ž .Nycomed AS, Olso, Norway gradient. Following

Žcentrifugation Beckman refrigerated benchtop cen-
.trifuge at 600g for 25 min at 208C, the lymphocyte

layer was removed and washed three times in RPMI
1640 medium. The cells were finally resuspended in

Žcomplete RPMI 1640 medium RPMI 1640q10%
Ž . Žvrv heat inactivated fetal calf serum Gibco Life

. Ž .T echno log ie s , S co tland q 2% vr v
Žpenicillinrstreptomycin Gibco Life Technologies,

.Scotland and the number of lymphocytes was ad-
justed to 2=106rml.

Lymphocyte proliferation was performed in tripli-
Žcate as previously described Mosmann, 1983; Luo

.et al., 1993 . Briefly, 100 ml aliquots of the lympho-
cyte preparation were pipetted into wells of a 96 well

microtiter plate. To each well was added either no
mitogen for background transformation or concana-

Ž . Žvalin A Con A Sigma Chemical, Poole, Dorset,
.U.K. at a working concentration of 2.5 or 5.0

mgrml. Cultures were incubated for 64 h at 378C in
a 5% CO atmosphere prior to addition of 15 ml2

Ž .MTT Promega, UK per well, the cultures were then
incubated for a further 8 h to allow the dye to be
metabolized by actively proliferating cells. At the
end of the culture period 100 ml of the solubilization

Ž .reagent Promega, UK was added to each well of
the 96 well microtitre plate and the plates were
incubated overnight at 378C in a 5% CO atmo-2
sphere to facilitate complete solubilization of the
MTT-formazan product. Microtitre plates were then

Žread using an ELISA plate reader Dynatech
.MR5000 , at a wavelength of 550 nm, with a refer-

ence wavelength of 650 nm. The plates were shaken
for 10 s prior to reading to ensure uniform colour
distribution within the wells. Mean absorbance read-
ings were calculated for each concentration of Con A
and the background absorbance of unstimulated lym-
phocytes was subtracted from the mean absorbance
of stimulated lymphocytes.

2.7. Statistical analysis of data

All data with the exception of the lymphocyte
proliferation were analysed using a one-way analysis
of variance. Lymphocyte proliferation data were
analysed using a two-way analysis of variance. If
any statistically significant change was found, post
hoc comparisons were performed using Student
Newman–Keuls multiple range test. Results were
deemed significant when P-0.05. Results are ex-
pressed as group mean"standard error of the mean.

3. Results

3.1. Biogenic amine concentrations in the frontal
cortex

There was a significant effect of MDMA adminis-
Ž .tration on 5-HT F s56.49, P-0.001 and 5-Ž2.27.

Ž .HIAA F s7.09, P-0.01 concentrations inŽ2,27.
the frontal cortex. Post hoc analysis revealed a sig-

Ž .nificant P-0.05 reduction in cortical 5-HT con-
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Table 1
Effect of acute MDMA administration on 5-HT and 5-HIAA
concentrations in the frontal cortex

Group 5-HT 5-HIAA

Control 448"26 192"8
)Ž .MDMA q30 min 312"31 234"54

) )Ž .MDMA q6 h 93"6 72"1

Data expressed as means"SEM. Neurotransmitter concentrations
are expressed as ngrg fresh weight of tissue. 5-MT: Serotonin;

) Ž5-HIAA: 5-hydroxyindoleacetic acid. P -0.05 vs. Control Stu-
. Ž .dent Newman–Keuls multiple range test ns10 .

centrations both 30 min and 6 h post MDMA admin-
istration. In addition, cortical 5-HIAA concentrations

Ž .were significantly P-0.05 reduced 6 h post
Ž .MDMA administration Table 1 .

3.2. Serum corticosterone concentrations

There was a significant effect of MDMA adminis-
tration on serum corticosterone concentrations
Ž .F s19.33, P-0.05 . Post hoc analysis re-Ž2,27.

Ž .vealed a significant P-0.05 increase in serum
corticosterone 30 min post MDMA administration.
However, by 6 h post administration the concentra-
tions were no longer significantly different from the

Ž .control value Fig. 1 .

3.3. Total leucocyte counts

There was a significant effect of MDMA adminis-
Žtration on total WBC counts F s9.72, P-Ž2,27.

Fig. 1. Effect of acute MDMA administration on serum cortico-
sterone concentrations. Data expressed as means"SEM. ) P -

Ž .0.05 vs. Control Student Newman–Keuls multiple range test
Ž .ns10 .

Fig. 2. Effect of acute MDMA administration on total leucocyte
counts. Data expressed as means"SEM. ) P -0.05 vs. Control
Ž . Ž .Student Newman–Keuls multiple range test ns10 .

. Ž0.001 . Post hoc analysis revealed a significant P-
.0.05 reduction in the total WBC count 30 min and 6

Ž .h after MDMA administration Fig. 2 .

3.4. Con A-induced lymphocyte proliferation

The two-way ANOVA revealed a significant ef-
Žfect of MDMA administration F s14.05, P-Ž2,54.

.0.001 on Con A-induced lymphocyte proliferation.
However, no significant effect of Con A concentra-
tion was observed. Post hoc analysis showed that

Ž .there was a significant P-0.05 reduction in Con
A-induced lymphocyte proliferation both 30 min and
6 h after MDMA administration at both concentra-

Ž .tions of Con A Fig. 3 .

Fig. 3. Effect of acute MDMA administration on Con A-induced
lymphocyte proliferation. Data expressed as means"SEM. ) P -

Ž .0.05 vs. Control Student Newman–Keuls multiple range test
Ž .ns10 .
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4. Discussion

These results demonstrate that acute administra-
tion of the substituted amphetamine MDMA pro-
duces a rapid and sustained suppression of mitogen
stimulated lymphocyte proliferation and total leuco-
cyte count in the female rat. In addition, 5-HT
depletion in the frontal cortex was observed as a
result of MDMA administration. The reduction in
cortical 5-HT concentrations seen 30 min post
MDMA administration was accompanied by a mod-
est, but non-significant, increase in the 5-HIAA con-
centration. These alterations in cortical indoleamine
concentrations reflect an increased release of 5-HT
accompanied by increased synaptic metabolism of
the amine. However, 6 h following MDMA adminis-
tration there was a significant decrease in both 5-HT
and 5-HIAA, which reflects a depletion of 5-HT
stores and decreased 5-HT synthesis due to the in-
hibitory action of MDMA on tryptophan hydroxylase

Ž .activity Stone et al., 1987 . These findings are
consistent with previous reports which examined the
effects of MDMA on 5-HT concentrations in rat

Žbrain Stone et al., 1986; McGarvey et al., 1995;
.McNamara et al., 1995b .

Acute MDMA administration elicited a robust
corticosterone response which was evident within 30
min and returned to baseline values within 6 h
following administration. This result is consistent

Žwith previous findings McGarvey et al., 1995; Mc-
.Namara et al., 1995b . It is possible that this

MDMA-induced increase in serum corticosterone
concentrations could be responsible for the reduction
in the total leucocyte count noted in this study. In
support of this hypothesis it has been reported that
adrenalectomy significantly attenuated stress-induced

Žreductions in the total leucocyte count Dhabhar et
.al., 1995 . In addition, administration of exogenous

corticosterone to non-adrenalectomized, non-stressed
animals produced changes in leucocyte numbers that
were similar in magnitude and duration to the changes

Žinduced by various stressors Dhabhar et al., 1995;
.Connor et al., 1997 . This suggests that it is the

release of corticosterone from the adrenal cortex, and
not adrenal catecholamines from the adrenal medulla,
that mediate stressor-induced reductions in leucocyte
numbers and possibly the MDMA-induced reduction
in circulating leucocytes observed in the present

study. It is well established that immune cell traffick-
ing is central to the performance of the surveillance
as well as effector functions of the immune system
Ž .Dhabhar et al., 1995 . Therefore, such a reduction in
the total blood leucocyte count in response to MDMA
administration could potentially impair immune cell
recruitment in vivo. From the results of the present
study it is not clear how long it would take for the
MDMA-induced reduction in circulating leucocyte
numbers to return to control values, nor which sub-

Ž .set s of leucocytes leave the peripheral blood in
response to MDMA administration. However, it has
been previously reported that corticosterone infusion
causes lymphocytes to leave the peripheral blood
without any significant alteration in neutrophil num-

Ž .bers Dhabhar et al., 1995 . Since MDMA adminis-
tration causes a profound increase in circulating
serum corticosterone, it is not unreasonable to sug-
gest that the MDMA-induced reduction in leucocyte
number seen in the present study may be due to a
reduction in circulating lymphocytes.

In addition to the changes observed in leucocyte
numbers in the present study, altered functional re-
sponsiveness of lymphocytes to a mitogenic stimulus

Ž .was also apparent. There was a rapid within 30 min
Ž .and sustained for up to 6 h suppression of Con

A-induced lymphocyte proliferation as a result of
acute MDMA administration. Con A is a T-lympho-

Ž .cyte mitogen Woods and Greally, 1976 suggesting
that the observed alterations in lymphocyte function
were as a result of suppressed T-lymphocyte respon-
siveness. It is well established that glucocorticoids,
including corticosterone, have immunosuppressive

Ž .properties Bateman et al., 1989 , and many previous
studies have implicated corticosterone to be a key
mediator in stress-induced suppression of cell medi-

Ž . Žated immunity CMI Shu et al., 1993; Song et al.,
.1994 . However, others have demonstrated that

stress-induced suppression of CMI occurs even in
the absence of corticosterone secretion, suggesting
that corticosterone secretion is not responsible for

Žthe impaired CMI after stress Jaing et al., 1990; Jain
.et al., 1991 . MDMA, through its action on the

serotonergic system, causes the release of CRF from
the nerve terminals in the median eminence. In
addition to the role of CRF in HPA-axis activation,
CRF also activates the sympathetic nervous system
Ž .SNS ; it has been recently suggested that SNS
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activation is an important contributory factor in
Ž .stress-induced suppression of CMI Irwin, 1993 .

However, from the results of the present study we
cannot say whether the suppressive effect of MDMA
on Con A-induced lymphocyte proliferation is medi-
ated by increased SNS activity, or by elevated serum
corticosterone concentrations. Further studies using
treatment with adrenoceptor antagonists and gluco-
corticoid receptor antagonistsrsynthesis inhibitors
prior to MDMA administration, should help to delin-
eate the exact roles that increased SNS activity and
increased HPA-axis activity play in MDMA-induced
alterations in the lymphocyte function. The impaired
lymphocyte proliferation response to Con A can not
be attributed to a reduced number of circulating
lymphocytes in the peripheral blood, as the lympho-
cytes were adjusted to a standard cell concentration
Ž 6 .2=10 cellsrml prior to mitogenic stimulation.
However, the reduced responsiveness may be due to
an alteration in lymphocyte subpopulations, such as a
reduction in T-lymphocytes.

Apart from the hypothesis that reduced lympho-
cyte responsiveness may be due to a reduced number
of T-lymphocytes, even in the absence of any signifi-
cant alteration in T-lymphocyte numbers, there may
be decreased functional responsiveness of lympho-
cytes to mitogenic stimulation. Such a decrease may
occur in response to lymphocyte b-adrenoceptor ac-
tivation by circulating catecholamines and a conse-
quent increase in intracellular cyclic adenosine

Ž .monophosphate cAMP , as it is well established that
increased intracellular cAMP concentrations produce

Ža suppression of lymphocyte proliferation Watson,
.1975 . It is noteworthy to mention that another stim-

ulant drug of abuse, cocaine, produces a rapid and
sustained suppression of Con A-induced lymphocyte

Ž .proliferation in rats Bayer et al., 1995 . Cocaine
administration in vivo, activates the HPA-axis and
SNS and both of these mechanisms have been impli-
cated to mediate the suppressive effects of this drug
on the ex vivo lymphocyte proliferation response
Ž .Bayer et al., 1995 .

In conclusion, acute MDMA administration pro-
duced a variety of time-dependent neurochemical,
endocrine and immune alterations in the rat. The
results of this study provide evidence that in addition
to the well established toxic effects of MDMA on
the central nervous system, a single administration of

this widely abused drug induces a rapid and sus-
tained suppression of immune function. These results
add another dimension to the toxic effects of MDMA,
implicating that abusers of this drug may have re-
duced immunocompetence and therefore display in-
creased susceptibility to both infectious and neoplas-
tic disease. In this regard it is of interest that there
have been cases where abuse of MDMA closely
preceded the development of meningococcal menin-

Ž .gitis in humans Prasad et al., 1994 . However, to
date there are no clinical studies available which
examine ex vivo immunological parameters in
MDMA abusers, and consequently it is not known if
the doses of MDMA taken by recreational users have
the ability to produce impairments in immune func-
tion like those observed in the present study.
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