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Background: The purpose of this study was to investi-
gate neuroendocrine function in ecstasy (3,4-methyl-
enedioxymethamphetamine = MDMA) users and controls.

Methods: Prolactin response to d-fenfluramine was as-
sessed in abstinent ecstasy users with concomitant use of
cannabis only (n = 24, male/female 13/11) and in two
control groups. healthy nonusers (n = 13, female) and
exclusive cannabis users (n = 7, male).

Results: Prolactin response to d-fenfluramine was slightly
blunted in female ecstasy users. Both male user samples
exhibited a weak prolactin response to d-fenfluramine, but
this was weaker in the group of cannabis users. Baseline
prolactin and prolactin response to d-fenfluramine were
associated with the extent of previous cannabis use.
Conclusions: Endocrinological abnormalities of ecstasy
users may be closely related to their coincident cannabis
use. Cannabis use may be an important confound in
endocrinological studies of ecstasy users and should be
looked for more systematically in future studies. Biol
Psychiatry 2002;51:766—769 © 2002 Society of Biologi-
cal Psychiatry
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I ntroduction

cstasy (3,4-methylenedioxymethamphetamine=MDMA

d related congerers: MDA, MDEA) is a group of
popular recreational drugs with neurotoxic effects upon
central serotonergic systems in experimental animals and
probably also in humans (Ricaurte et al 2000; McCann et
al 2000). Neuroendocrine challenge studies with seroto-
nergic agonists reported blunted or dightly blunted hor-
monal responses in ecstasy users, suggesting alow central
serotonergic tone (Price et al 1989; Gerra et al 1998, 2000;
Verkes et a 2001); however, others did not find any
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abnormalities or their results were even opposite than
expected (McCann et al 1994, 1999). An important meth-
odological problem of most studies is related to the
frequent polydrug use pattern of ecstasy users and the poor
paralleling of control samplesin respect to the use of other
drugs (Curran 2000). Particularly, cannabis is known to
influence prolactin secretion, and almost every ecstasy
user smokes cannabis regularly (Fernandez-Ruiz et al
1997; Rodriguez et a 1999). In the present study, we
examined ecstasy users with concomitant use of cannabis
only and we enrolled control groups of nonusers and
exclusive cannabis users. This design was chosen to
disentangle the possible effects of cannabis from the
effects of ecstasy on neuroendocrine secretion.

Methods and M aterials

The study was originally designed to examine 30 regular users of
ecstasy and cannabis, 30 exclusive cannabis users, and 30
healthy nonusers with a d-fenfluramine (FEN) challenge. Be-
cause of the withdrawal of FEN (Isomeride®) from the market,
we were able to examine only 13 male and 11 female users of
ecstasy and cannabis (E + C), 7 male and 2 female exclusive
users of cannabis (C), and 3 male and 13 female nonusers. The
data of the two femae cannabis users and the three male
nonusers were excluded from further analysis.

TheE + C usersreported regular ecstasy use over 6 months or
longer (at least twice per month) or ecstasy use on at least 25
occasions during the last 2 years. Exclusion criteria were: a)
regular use of other drugs (at least once per month over 6 months
or longer within the last 2 years) except for cannabis, and b)
regular heavy use of acohol (drunkenness at least twice per
month). The C users were matched for the extent of cannabis use
with the E + C users, but they had no history of heavy alcohol
or other drug use. The nonusers had never taken ecstasy and had
no history of regular drug or heavy alcohol use. Exclusion
criteria for all participants were any current or previous Axis |
psychiatric disorder except for drug abuse in the two user groups,
any organic brain disorder, any relevant general medical condi-
tion, any medication on the study day, and pregnancy.

The study was carried out in accordance with the Declaration
of Helsinki and was approved by the local ethics committee. All
subjects gave written informed consent. Procedures included a
Structured Interview according to DSM-1V, an additional de-
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Table 1. Patterns of Ecstasy and Cannabis Use in the Two User Groups

Patterns of Use Ecstasy Use Cannabis Use
mE + C fE+C mE+ C mC fE+C
Estimated total dose (tablets) 782 + 88.6 81.4 + 105.2 - - -
Average frequency of use 24+12 24+21 212+ 131 20.6 = 12.0 9.6 = 11.7
(days per month)
Average estimated daily 146 + 0.85 1.27 + 1.03 769.2 + 793.6 707.1 * 474.7 250 + 224.7
dose (tablets or mg)
Duration of regular use 293 + 184 20.2 = 17.6 64.6 + 37.8% 248 +88 453+ 525
(months)
Age at onset of use (years) 204 + 3.2 182+ 34 16.7 = 3.7 169+ 23 154+ 11
Time since last dose (days) 309 + 46.8 58.3 + 102.3 57*69 14+ 8 189+ 411
THC-screen in urine sample positive 9/negative 4 positive 6/negative 1 positive 6/negative 5

on study day

C, cannabis users; E + C, users of ecstasy and cannabis; f, female; m, mae; THC, tetrahydrocannabinol.
aSignificant difference to the group of male cannabis users (unpaired t test, 2-tailed, p < .05).

tailed interview on history of drug use, medical history, aclinical
examination and an electrocardiogram. Users agreed to abstain
from ecstasy use for at least 7 days before the study, but they
agreed to abstain from cannabis use only on the study day.
Immunoassay drug screens were performed on the study day
with urine samples for the following substance groups: amphet-
amines and methamphetamines (including methylenedioxyam-
phetamines = ecstasy), cocaine, marihuana, benzodiazepines,
barbiturates, and opiates (RIDA ToxiQuick, r-Biopharm, Darm-
stadt). A positive screen except for cannabis was an exclusion
criterion.

A d-fenfluramine challenge was performed using standard
procedures (30 mg FEN orally at 10:00 AM). Baseline prolactin
(PRL) was determined 15 and 5 min before and PRL responses
were determined 1 to 5 hours after administration of FEN.
Prolactin was measured by heterogeneous sandwich magnetic
separation assay (MSA Bayer; coefficients of variation within
run: 1.6—2.0%, between run: 2.6-3.0%). Serum concentrations
of FEN and its metabolite nor-FEN were measured by high-
pressure liquid chromatography (HPLC, threshold for detection:
.1 pg/L). Due to difficulties to agree upon dates for the
investigation five female E + C users were examined during the
luteal phase of their menstrual cycle. All other female subjects
were examined during the early follicular phase.

Results

The two male samples were similar for age (24.2 = 2.4 vs.
22.3 + 3.3 years), whereas the female E + C users were
slightly younger than the nonusers (22.6 = 2.7 vs. 28.3 +
5.5 years, t test, p < .05). The male E + C users smoked
cannabis for a longer period of time compared with the C
users, otherwise the extent of previous use of cannabiswas
similar in both male samples (see Table 1).

All individual baseline PRL values were within normal
range. d-fenfluramine plasma concentrations ranged from
45 to 455 pg/lL and were not associated with PRL
responses (see Figure 1). Regarding the female samples,
repeated measures ANOVA reveded a significant effect

of time (F = 45.3, p < .001) and an interaction time X
group (F = 9.57, p < .01), but no effect of group (F = 9.2,
p = .325). Differences in PRL A peak and A AUC
between the female samples did not reach statistical
significance (unpaired t test, p = .147). Regarding the
male samples, repeated measures ANOVA reveadled sig-
nificant effects of time and group (F = 19.63, p < .001,
and F = 4.98, p < .05, respectively) without interaction
time x group (F = 9.3, p = .348). Differences in PRL A
peak and A AUC between the mae user samples were
significant (unpaired t tests, p < .05).

In the group of male E + C users, we found an
association of aweak PRL response (A AUC) with along
period of regular ecstasy use (r = — .599, p < .05) and a
high estimated total ecstasy dose (r = — .658, p < .05),
but with alow average frequency of ecstasy use (r = .614,
p < .05). The significant correlations between endocrino-
logical parameters and the extent of previous cannabis use
are summarized in Table 2.
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Figure 1. Time course of prolactin response to 30 mg d-
fenfluramine in ecstasy users and controls (means and SE). C,
cannabis users; E + C, users of ecstasy and cannabis; f, female;
m, mae, min, minutes after oral administration of FEN; *,
significant main effect of group (p < .05, repeated measures
ANOVA).
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Table 2. Pearson Correlations between Aspects of Previous Cannabis Use and Endocrinological Parameters (PRL baseline values

and PRL response to FEN)

Cannabis Use fE+C mC
A AUC A Peak baseline A AUC A Peak baseline
Estimated daily dose (mg) r=.6917 r = —.680% r=.891° r = .885° r=-—.7317
Average frequency of use r = .656% r=.822°
(days per month)
Duration of regular use r=.773 r=.781% r=—.709%

(months)

Only statistically significant coefficients are presented (p < .05, no correction for multiple testing).
PRL, prolactin; FEN, d-fenfluramine; f E + C, female users of ecstasy and cannabis; m C, male cannabis users.

3p < .05, °< .01.

Discussion

The PRL response to a FEN challenge was assessed in
ecstasy users and controls. Male users of ecstasy and
cannabis had a more robust response than male users of
cannabis only; however, both male user samples exhibited
a relatively weak PRL response compared with literature
data from healthy subjects (Coccaro et al 1996; Gerraet al
2000; Verkes et a 2001). The female ecstasy and cannabis
users had a dlight, though insignificant blunting of hor-
monal response compared to the female nonusers. We
found consistent associations between endocrinological
parameters and the extent of previous cannabis use,
whereas evidence for an association of ecstasy use and
endocrinological parameters was weak and inconsistent.
Heavier and longer regular cannabis use was associated
with a relatively low baseline PRL value and a stronger
PRL response to FEN. This suggests that complex neu-
roendocrine adaptation processes may follow chronic can-
nabis use and may account for group differencesin studies
with drug users.

The literature on neuroendocrine abnormalities in ec-
stasy usersisinconsistent and confounded by methodolog-
ical problems such as the polydrug use pattern of most
study populations (Price et a 1989; McCann et a 1994,
1999; Gerra et al 1998, 2000; Verkes et al 2001). So far,
the strongest evidence for an association of lasting neu-
roendocrine abnormalities with ecstasy use is provided by
a longitudinal study by Gerra et al (2000). The authors
reported blunting of PRL responsesto FEN persisting after
1 year of abstinence and being associated with a longer
duration of previousregular ecstasy use (Gerraet a 2000).
Yet, athough the Gerra et a studies (1998; 2000) are
carefully designed and methodologically sound, episodic
use of cannabis or alcohol was not an exclusion criterion
in the longitudinal study and may have contributed to its
results (Gerra et a 2000).

In animal studies, acute peripheral administration of
cannabinoids induces a brief rise in plasma PRL levels
followed by a prolonged suppression of PRL secretion
(Fernandez-Ruiz et a 1997; Rodriguez et a 1999). Indi-

rect dopaminergic and direct cannabinoid receptor mech-
anisms are believed to mediate this biphasic response.
Human studies yielded inconsistent results regarding both
the acute and long-term effects of cannabinoids on hor-
monal secretion (Lemberger et a 1975; Mendelson et al
1984, 1985; Cone et a 1986; Dax et al 1989; Kolodny et
al 1974; Olus 1980). In regular cannabis users, PRL
plasma levelsincreased gradually during short-term depri-
vation and returned to predeprivation levels again after
smoking (Markianos and Stefanis 1982). In summary,
cannabis influences neuroendocrine regulation and com-
plex adaptation processes take place in states of drug
deprivation.

Needless to say, our study has important methodol ogi-
cal limitations resulting from the fact that we were unable
to complete it properly. Nevertheless, our results indicate
that cannabis use may be an important confound in
endocrinological studies of ecstasy users. In conseguence,
future studies with ecstasy users should look for the aspect
of concomitant cannabis use more systematically.
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