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ABSTRACT

The racemic mixture of 3,4-methylenedioxymethamphetamine
(MDMA), which has been reported to produce selective destruc-
tion of serotonergic neurons in the central nervous system, was
studied to determine its neuroendocrine and temperature effects
and mechanism of action. MDMA elevated serum concentrations
of corticosterone in doses ranging from 3 to 20 mg/kg adminis-
tered i.p. Serum corticosterone concentrations were elevated 30
min after the administration of MDMA (10 mg/kg i.p.) and re-
mained elevated 4 hr later. Serum prolactin (PRL) concentrations
were elevated by administration of MDMA in doses ranging from
1 to 20 mg/kg i.p., and were maximal 60 min after the injection
of 10 mg/kg i.p., declining rapidly over the next 4 hr. MDMA also
significantly elevated the body temperature of rats maintained at
ambient (23°C) temperature. MDMA-induced corticosterone se-
cretion and hyperthermia were blocked by the 5-hydroxytrypta-
mine (5-HT) antagonists, ketanserin and mianserin, which have
a high affinity for 5-HT, binding sites. Conversely, neither (—)-
pindolol, a beta antagonist that also blocks 5-HT,,-mediated

responses, nor the nonspecific 5-HT antagonists, cyprohepta-
dine and metergoline, had an effect on MDMA-induced corticos-
terone secretion. None of the 5-HT antagonists blocked MDMA-
induced PRL secretion. Pretreatment with fluoxetine (10 mg/kg
i.p.) 16 hr before MDMA administration significantly blunted the
effect of MDMA on corticosterone but not PRL secretion. Pre-
treatment with p-chlorophenylalanine (150 mg/kg i.p.) for 3 days
depleted cortical and hypothalamic 5-HT and 5-hydroxyindole-
acetic acid by approximately 80% and significantly attenuated
MDMA-induced corticosterone and PRL secretion. The effects
of p-chlorophenylalanine and fluoxetine on MDMA-induced neu-
roendocrine responses were found to be identical to the effects
of these drugs on p-chloroamphetanine-mediated responses.
These data suggest that MDMA is taken up into axon terminals
via a fluoxetine-sensitive 5-HT reuptake system and requires
endogenous 5-HT to stimulate corticosterone secretion and pro-
duce hyperthermia, which are mediated via 5-HT, receptor mech-
anisms. The mechanisms of the MDMA-induced increase in
serum PRL levels require further investigation.

The emergence of MDMA as a popular drug of abuse coupled
with anecdotal reports of its potential antidepressant effect has
made the examination of its biological effects of considerable
interest. It has recently been reported that single or multiple
doses of MDMA depletes 5-HT in several brain areas (Schmidt
et al., 1986; Stone et al., 1986; Mokler et al., 1987; Schmidt
1987a,b), and selectively destroys 5-HT nerve terminals (Com-
mins et al., 1987). To date, few if any studies have examined
the mechanism of action of MDMA.

The majority of studies in which the neurotoxic effects of
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chronic MDMA administration have been examined have re-
ported depletion of 5-HT and 5-HIAA as well as a reduction in
tryptophan hydroxylase activity (Schmidt et al., 1986; Stone et
al., 1986; Commins et al., 1987). Schmidt (1987b) found that
coadministration of fluoxetine, a selective 5-HT uptake inhib-
itor (Fuller et al., 1974), completely blocked the long-term, but
not the short-term, depletion of cortical 5-HT induced by
MDMA. Commins et al. (1987) reported morphological evi-
dence in which degenerating axon terminals and cell bodies
were observed in the striatum and somatosensory cortex after
MDMA treatment. Collectively, these data suggest that MDMA
is taken up into serotonergic axon terminals and that it then
selectively destroys these neurons. These actions of MDMA
have been suggested to resemble the 5-HT-depleting effects of
PCA (Schmidt, 1987b).

The administration of MDMA to laboratory animals has
been reported to produce hyperthermia (Anderson et al., 1978)

ABBREVIATIONS: MDMA, 3,4-methyienedioxymethamphetamine; 5-HT, 5-hydroxytryptamine; 5-HIAA, 5-hydroxyindoleacetic acid; PCA, p-chlo-
roamphetamine; DA, dopamine; PRL, prolactin; PCPA, p-chiorophenylalanine; 5-HICA, 5-hydroxyindole carboxilic acid; RIA, radioimmunoassay.
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and analgesia (Braun et al., 1980), responses in which 5-HT is
believed to play a role. The most extensively investigated
behavioral effect of MDMA is its discriminative stimulus prop-
erties. For the most part, MDMA will partially substitute for
amphetamine in an animal trained to discriminate ampheta-
mine from saline in a two-lever paradigm (Evans and Johanson,
1986; Glennon, 1986). However, MDMA does not substitute in
animals trained to discriminate the hallucinogens, 1-(2,5-di-
methoxy-4-methyl-phenyl)-2-aminopropane or lysergic acid
diethylamide, from saline (Glennon et al., 1982; Kamien et al.,
1986; Nichols et al., 1986). Interestingly, like amphetamine, the
most active enantiomer of MDMA is the S(+) configuration,
whereas the R(—) configuration of potent hallucinogens, such
as lysergic acid diethylamide and 1-(2,5-dimethoxy-4-methyl-
phenyl)-2-aminopropane, is the most biologically active and
has the greatest affinity for 5-HT, receptors (Glennon et al.,
1984). The discriminative stimulus studies suggest that MDMA
lacks hallucinogenic effects and that amphetamine-like effects
predominate, which is consistent with the effects reported in
human subjects (Nichols et al., 1986).

MDMA was reported by Nichols et al. (1982) to stimulate
the release of [°H]5-HT from rat whole brain synaptosomes.
More detailed studies measuring the release of 5-HT as well as
DA from rat hippocampal slices suggest that MDMA has a
more potent effect on 5-HT release as compared to DA release.
Although the most potent effect of MDMA is on the release of
5-HT in vitro, it has also been reported to affect other brain
amine systems, e.g., norepinephrine and DA both in vitro and
in vivo (Stone et al., 1986; Steele et al., 1987), as well as
peptidergic systems such as neurotensin (Merchant et al., 1987).
Further support for the hypothesis that MDMA exerts its
pharmacological effects by an indirect mechanism is the obser-
vation that the binding affinities of both enantiomers of
MDMA, as well as the racemic mixture for 5-HT; and 5-HT,
binding sites are relatively weak (Lyon et al., 1986).

Abundant evidence exists demonstrating that 5-HT has stim-
ulatory effects in rodents on the hypothalamic neurons that
regulate pituitary-adrenocortical function (Fuller, 1981;
Holmes et al., 1982). Similarly, the secretion of PRL from the
anterior pituitary has been studied extensively and is known
to be regulated by tuberoinfundibular dopaminergic neurons,
which inhibit PRL secretion, and by a 5-HT-dependent stim-
ulatory mechanism (Gudelsky, 1981; Meltzer et al., 1982). The
neuronal mechanisms involved in PRL and corticosterone se-
cretion have been reported to be different, and for the latter
largely undetermined (Van de Kar et al., 1985a). Regardless,
numerous pharmacological studies demonstrate that drugs
which enhance serotonergic activity elevate serum corticoster-
one and/or PRL concentrations, making these sensitive indi-
cators of 5-HT receptor stimulation (Fuller and Snoddy, 1980;
Fuller, 1981).

Multiple binding sites for 5-HT in the rat brain have been
identified and classified into two major types: 5-HT; and 5-
HT; (Peroutka and Snyder, 1979). The 5-HT; binding site has
been subdivided further into 5-HT.a, 5-HT.s (Pedigo et al.,
1981) and 5-HT.c (Pazos et al., 1984) subtypes. For the most
part, attempts to determine the physiological role of these
binding sites have been limited due to the lack of selective
agonists and antagonists. However, the development of selec-
tive 5-HT, antagonists, such as ketanserin and ritanserin, have
lead to the identification of specific responses believed to be
mediated by 5-HT, receptors. Similarly, the ability of (—)-
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pindolol to bind to 5-HT, sites (Nahorski and Willcocks, 1983)
and antagonize 8-hydroxy-2-(di-n-propylamino)tetralin-in-
duced behaviors (Tricklebank et al., 1985) has facilitated the
characterization of putative agonists. For example, stimulation
of 5-HT, sites has been reported to induce hyperthermia in
heat-adapted rats (Gudelsky et al, 1986; Pawlowski, 1984),
whereas activation of 5-HT. sites produces hypothermia in
rats (Hjorth, 1985; Goodwin and Green, 1985; Gudelsky et al.,
1986). Activation of either 5-HT, or 5-HT,, receptors results
in an elevation in serum corticosterone concentration (Koenig
et al., 1987).

Based on the lack of pharmacological data coupled with the
current interest in MDMA, a systematic investigation was
undertaken to determine the mechanism of action of MDMA.
Given the abundant evidence on the neurotoxic effects of
MDMA to 5-HT neurons and the role of 5-HT in neuroendo-
crine regulation, characterization of MDMA’s neuroendocrine
effects was initiated.

Materials and Methods

Animals. Male Sprague-Dawley rats weighing 170 to 200 g upon
delivery were purchased from Zivic Miller Laboratory (Hillson, PA)
and used in all experiments. The animals were housed six per cage in
a temperature-controlled room (22-24°C) with a light/dark cycle of 12/
12 hr (lights on at 6:00 A.M.). Food (Wayne Lab Blox) and tap water
were available ad libitum.

Drugs. The racemic mixture of MDMA was generously provided by
Dr. David E. Nichols of Purdue University. PCPA hydrochloride and
DL-PCA hydrochloride were purchased from Sigma Chemical Co. (St.
Louis, MO) and Regis Chemical Co. (Morton Grove, IL), respectively.
The other drugs were generously provided by the manufacturers: ke-
tanserin tartrate (Janssen Pharmaceutica, Beerse, Belgium) and fluox-
etine hydrochloride (Eli Lilly and Co., Indianapolis IN). All drugs were
dissolved in distilled water and injected i.p.

Experimental procedure. On the day before an experiment in
which serum corticosterone and prolactin concentrations were deter-
mined, the animals were housed six per cage and transferred to the
experimental room. Between 8:00 A.M. and 9:00 A.M.,, MDMA in a
volume of 1 ml/kg was administered at the doses indicated under
“Results.” All solutions of drugs were administered i.p. with the excep-
tion of (—)-pindolol, which was injected s.c. Serotonin antagonists were
given 1 hr before the administration of MDMA, with the exception of
(—)-pindolol, which was injected 30 min before MDMA administration.
At designated times after MDMA administration, the animals were
sacrificed by decapitation and trunk blood was collected in glass tubes.
The blood was allowed to clot, and the serum was obtained after
centrifugation, transferred to glass tubes and stored at —20°C until the
time of assay.

In the 5-HT depletion studies, either saline or PCPA (150 mg/kg
i.p.) was administered for 3 consecutive days. Twenty-four hours after
the last injection, the animals were challenged with either vehicle,
MDMA (3 mg/kg) or PCA (3 mg/kg) and sacrificed 30 min later. Trunk
blood was obtained for hormone determinations. The hypothalamus
and a section of the frontal cortex were dissected from the brains of
saline- and PCPA-treated animals administered vehicle, and homoge-
nized immediately in ice-cold 0.2 N perchloric acid containing 2 ng/ml
of 5-HICA, the internal standard. The concentration of 5-HT and 5-
HIAA was determined as detailed below.

Fluozetine (10 mg/kg i.p.) was administered 16 hr before challenge
with either vehicle, MDMA (3 mg/kg) or PCA (3 mg/kg). The animals
were sacrificed 30 min later, and trunk blood was obtained for the
analysis of serum corticosterone and PRL concentrations.

Body temperature measurements. On the day in which body
temperatures were to be determined, rats were transferred to a temper-
ature-controlled room (23°C) and allowed to acclimate for 2 hr. Body
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temperatures were recorded at 30 min, 15 min and immediately before
the administration of ketanserin (3 mg/kg i.p.) or vehicle. One hour
later body temperatures were measured and MDMA (3 mg/kg i.p.) was
administered. A final measurement of body temperature was performed
30 min after the injection of MDMA. Rectal temperature measurements
were made using a telethermometer (model 44 TA, Yellow Springs
Instrument Co., Yellow Springs, OH) and a thermistor probe. The
probe was lubricated with a small amount of petroleum jelly and
inserted 5 cm into the rectum of each rat for at least 30 sec, until a
stable temperature was obtained.

Assays. Serum concentration of corticosterone was determined by
RIA. [*H]Corticosterone was purchased from Dupont New England
Nuclear (Boston, MA), and the antiserum was purchased from Radioas-
say Systems Laboratories, Inc. (Carson, CA). The unlabeled corticos-
terone used in preparing the RIA standard was obtained from Stera-
loids, Inc. (Whiliter, NH).

PRL was determined by RIA using reagents and antiserum that were
generously provided by the NIDDK. Rat PRL antiserum (S-9) was
used at a final dilution of 1:12,500. Rat PRL RP-3 served as the
reference preparation. Iodinated rat PRL was purchased from Dupont
New England Nuclear (Boston, MA).

The concentration of 5-HT and 5-HIAA in the hypothalamus and a
section of the frontal cortex were determined by high pressure liquid
chromatography with electrochemical detection. Chromatographic
analyses were performed on an Ultrasphere C,3 reverse phase column
(Beckman Instruments, Berkeley, CA) connected to an electrochemical
detector (model 5100 A, ESA, Inc., Bedford, MA). The mobile phase
consisted of 0.1 M sodium acetate (pH 4.5), 5% methanol and 0.02%
w/v EDTA. The amount of 5-HT and 5-HIAA in each sample was
determined by comparing the ratio of peak heights (5-HT/5-HICA, 5-
HIAA/5-HICA) with that of a known amount of standard.

Statistical analysis. The data were analyzed using one-way and
two-way analysis of variance as indicated. Differences between treat-
ment means were assessed with the Student-Newman-Keuls’ test and
were considered significant at P < .05.

Results

The time course for the elevation in serum corticosterone
and PRL concentrations after the administration of MDMA
(10 mg/kg) is presented in figure 1, A and B. The serum
concentration of both hormones was significantly (P < .05)
elevated 30 min after MDMA administration. Serum corticos-
terone remained elevated throughout the 240-min test period
with no significant differences between the 30- to 240-min time
points (fig. 1A). However, serum PRL concentrations began to
decline after 60 min and were not different from base-line levels
at 240 min postadministration (fig. 1B).

A dose-response study was conducted by administering dif-
ferent doses of MDMA and collecting blood samples 60 min
later. Figure 2, A and B, illustrates the effect of various doses
of MDMA on serum corticosterone and PRL concentrations.
MDMA, 3 to 20 mg/kg, produced a significant, dose-dependent
elevation of serum corticosterone (fig. 2A). Serum levels of
PRL were significantly elevated by MDMA at doses ranging
from 1 to 20 mg/kg (fig. 2B), but there were no significant
differences between doses.

Table 1 presents the effect of pretreatment with 5-HT an-
tagonists on MDMA-induced corticosterone and PRL secre-
tion. The animals were sacrificed 30 min after MDMA (3 mg/
kg) administration and 90 min after the administration of the
antagonist. None of the 5-HT antagonists used in this study
significantly altered basal corticosterone or PRL concentra-
tions when administered alone (data not shown). Ketanserin
blocked MDMA-induced corticosterone secretion in a dose-
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Fig. 1. Effect of MDMA (10 mg/kg) on serum corticosterone (A) and PRL
(B) levels. Rats were sacrificed by decapitation at the designated time
points. Each value is the mean + S.E. of 6 rats. Significant differences
(P < .05) between basal hormone levels (To) and the other time points
are designated by *.

dependent manner. Similarly, mianserin blocked the increase
in serum corticosterone levels after MDMA administration. In
contrast, neither (—)-pindolol, cyproheptadine nor metergoline
significantly attenuated MDMA-induced corticosterone secre-
tion at the doses tested. None of the 5-HT antagonists tested
significantly antagonized MDMA-induced PRL secretion (ta-
ble 1).

The effect of pretreatment with the specific 5-HT uptake
inhibitor, fluoxetine, on MDMA- or PCA-induced hormone
responses is presented in table 2. Two-way analysis of variance
revealed that both MDMA and PCA significantly (P < .05)
elevated serum corticosterone and PRL levels. Fluoxetine (10
mg/kg) pretreatment significantly elevated basal serum PRL
levels but had no effect on serum corticosterone concentration.
The secretion of corticosterone elicited by either MDMA or
PCA was significantly (P < .05) attenuated by fluoxetine pre-
treatment. Interestingly, as was the case with the 5-HT antag-
onists, fluoxetine had no effect on MDMA- or PCA-induced
PRL secretion.
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Fig. 2. Effect of different doses of MDMA on serum corticosterone (A}
and PRL (B) levels. Rats were sacrificed by decapitation 60 minutes after
the i.p. administration of MDMA. Each value represents the mean = S.E.
of 6 rats. Significant differences (P < .05) from vehicle (0) dose are
designated by *.

TABLEA1

Effect of 5-HT antagonists on MDMA-induced corticosterone and
PRL secretion ”

Ketanserin, cyproheptadine, metergoline and mianserin were administered 60 min
before MDMA. (—)-Pindolol was injected s.c. 30 min before MDMA. The animals
were sacrificed 30 min after MDMA or vehicle administration. Each value is the
mean + S.E. of 6 rats.

Dose of

Treatment Antagonist Corticosterone Prolactin
mgfkg pg/dl ngfmi
Vehicle + vehicle 7.7 £0.9* 6.6 £ 0.9"
Vehicle + MDMA 28014 16.0x14
Ketanserin + MDMA 0.3 23.1 1.7 11.3+1.9
Ketanserin + MDMA 1.0 189+20° 11.7x0.3
Ketanserin + MDMA 3.0 12627 14150
(—)-Pindolol + MDMA 0.3 225+37 13.0+t46
Cyproheptadine + MDMA 10.0 200+39 132=%x33
Metergoline + MDMA 0.5 231 +1.1 128+ 23
Mianserin + MDMA 10.0 189+17* 126+ 31

* P < .05 vs. the vehicle + MDMA group.

Vol. 245

TABLE 2

Effect of MDMA or PCA administration on serum corticosterone and
PRL levels in rats pretreated with vehicle or fluoxetine
Rats were injected with vehicle or fluoxetine (10 mg/kg i.p.) 16 h before the

administration of MDMA (3 mg/kg), PCA (3 mg/kg) or the vehicle; animals were
sacrificed 30 min iater. Each value is the mean + S.E. of 6 rats.

Treatment Corticosterone Profactin
ug/dl ng/mi
Vehicle + vehicle 9.0x1.0* 8.0+1.9*
Fluoxetine + vehicle 7120 13.7+x13
Venhicle + MDMA 32.7 £33 182+ 20
Fluoxetine + MDMA 202 £2.4* 19.0+5.3
Vehicle + PCA 36.3+1.9 132 £33
Fluoxetine + PCA 19.4 + 3.6 154 +£23

* P < .05 vs. the treatment (vehicle + MDMA, vehicle + PCA) groups.
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Fig. 3. Effects of vehicle, MDMA (3 mg/kg) or PCA (3 mg/kg) on serum
corticosterone (A) and PRL (B) levels in rats pretreated with vehicle or
PCPA (150 mg/kg). Rats were injected with either vehicle or PCPA for 3
consecutive days and 24 hr after the last injection challenged with either
vehicle, MDMA or PCA and sacrificed 30 min later. Each value represents
the mean += S.E. of 6 rats. Significant differences (P < .05) from
corresponding vehicle-pretreated group are designated by *.

The effect of PCPA-induced depletion of 5-HT on MDMA-
and PCA-induced corticosterone and PRL secretion is illus-
trated in figure 3, A and B. Administration of PCPA (150 mg/
kg i.p., daily for 3 days) alone significantly (P < .05) elevated
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serum corticosterone concentrations. PCPA pretreatment com-
pletely blocked the subsequent stimulatory effects of MDMA
and PCA on corticosterone secretion (fig. 3A). PCPA pretreat-
ment did not elevate basal serum PRL concentrations, but did
block the stimulatory effects of MDMA and PCA on PRL
secretion (fig. 3B). Table 3 presents the effect of PCPA admin-
istration on 5-HT and 5-HIAA concentrations in the hypo-
thalamus and cortex. The concentration of 5-HT and 5-HIAA
was reduced by approximately 80% in PCPA-treated animals.

The effect of MDMA on body temperature is presented in
table 4. Both doses of MDMA (3 and 10 mg/kg) significantly
(P < .05) elevated body temperatures at 30 min after its
administration as compared to vehicle-treated animals. Pre-
treatment with ketanserin (3 mg/kg i.p.) significantly atten-
uated the increase in body temperature produced by MDMA (3
mg/kg) administration. Ketanserin administration produced a
slight hypothermia, which did not differ significantly from
vehicle-treated animals (data not shown).

Discussion

MDMA produced dose- and time-related increases in serum
corticosterone and PRL concentrations and a marked increase
in body temperature. The effects of MDMA on these two
hormones and body temperature are consistent with previously
published studies on other substituted amphetamine analogs.
For example, PCA and fenfluramine have been reported to
stimulate corticosterone and PRL secretion in male rats
(McElroy et al., 1984; Van de Kar et al., 1985a,b), as well as
produce hyperthermia (Quock and Weick, 1979). Although the
precise mechanisms by which PCA and fenfluramine elicit
these responses may be different (Quock and Weick, 1979;
Sloviter et al., 1980; McElroy et al., 1984), it is generally agreed
that the pharmacological effects of these drugs are mediated by
5-HT. Thus, given the evidence for serotonergic stimulation of
corticosterone and PRL secretion (for review see Tuomisto and

TABLE 3
Effect of vehicle or PCPA pretreatment on 5-HT and 5-HIAA
concentrations in the hypothalamus and cortex

Vehicle or PCPA (150 mg/kg) was administered for 3 consecutive days and the
animals were sactificed 24 hr after the last injection. Each value is the mean + S.E.
of 6 rats. The values are presented as nanograms per milligrams of protein.

Hypothalamus Cortex
5-HT 5-HIAA 5-HT 5-HIAA
Vehicle 7.33+030 591041 204+025 123+0.04
PCPA 1.77+0.08 1.07+0.08 038+0.10 0.29=+0.10
(—76%)* (—82%) (—81%) (—76%)

# Percent changes are compared to corresponding vehicle group.

TABLE 4

Effect of MDMA on body temperature following pretreatment with
vehicle or ketanserin (3 mg/kg)

Each value is the mean + S.E. of 6 rats. Rats were injected with either ketanserin
or vehicle 60 min before MDMA (3 mg/kg or 10 mg/kg i.p.) administration. Changes
in body temperature were recorded before and 30 min after MDMA administration.

Treatment Dose of MDMA A® Body Temperature
mg/kg °C
Vehicle + vehicle -0.1 0.1
Vehicle + MDMA 10 1.8+ 02"
Vehicle + MDMA 3 1.1+02*
Ketanserin + MDMA 3 0.3+ 0.1

*P < .05, compared to vehicle + vehicle group.
2 Indicates change (A) in body temperature.
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Mannisto, 1985), serotonergic receptor function in thermoreg-
ulatory responses (Gudelsky et al., 1986) and the evidence for
neurotoxic effects of MDMA on 5-HT neurons, it seemed of
interest to determine if the neuroendocrine and hyperthermic
effects of this compound were mediated by a 5-HT-dependent
mechanism. The present results suggest that MDMA does act
via 5-HT mechanisms to stimulate the secretion of corticoster-
one and possibly PRL, as well as elevated body temperature.

Antagonism of MDMA-induced corticosterone and hyper-
thermia by ketanserin and mianserin, but not by the putative
5-HT, antagonist (—)-pindolol, is suggestive that these re-
sponses are mediated via 5-HT, receptor mechanisms. How-
ever, it is unlikely that these responses are the result of a direct
activation of 5-HT; sites, because MDMA has been shown to
have a relatively low affinity for 5-HT, as well as 5-HT,
receptors (Lyon et al., 1986).

The ability of fluoxetine to antagonize MDMA -induced cor-
ticosterone secretion is consistent with reports in which fluox-
etine pretreatment blocked the 5-HT-depleting effects of
MDMA (Schmidt, 1987b). More recently, Battaglia et al. (1987)
found that repeated MDMA administration resulted in a sig-
nificant reduction in [*H]paroxetine-labeled 5-HT uptake sites
in several brain regions. These data suggest that MDMA enters
the axon terminal via the 5-HT uptake system and the subse-
quent release of endogenous 5-HT, in turn, stimulates postsyn-
aptic 5-HT, receptors.

In the present study some, but not all of the MDMA-me-
diated responses (e.g., PRL elevation) were blocked by 5-HT,
antagonists, suggesting that MDMA may elicit different re-
sponses at various brain sites through a variety of mechanisms.
This concept appears to be supported by the results of Rose-
crans and Glennon (1987), who reported that the 5-HT, antag-
onist, pirenpirone, also failed to block the behaviorally disrup-
tive effects of MDMA in mice. Collectively, these data are
suggestive that the pharmacological effects of MDMA involve
more than one neurotransmitter system and may be site selec-
tive.

The effect of MDMA on PRL secretion is more complex
than its effect on corticosterone secretion. Presumably,
MDMA-induced PRL secretion is mediated via 5-HT receptor
stimulation. This hypothesis is supported by the fact that
depletion of 5-HT by PCPA pretreatment abolished the effect
of MDMA, as well as PCA, on PRL secretion. However, the 5-
HT antagonists used in these studies failed to block MDMA-
induced PRL secretion. In this regard, Meltzer et al. (1983)
found that the doses of ketanserin (5-25 mg/kg) needed to
antagonize 5-methoxy-N,N-dimethyltryptamine- and quipa-
zine-induced PRL secretion were 5 to 10 times those which
block other 5-HT-mediated behaviors such as wet-dog shakes
(Lucki et al., 1984), hyperthermia (Gudelsky et al., 1986) or
corticosterone secretion (Koenig et al., 1987). Moreover, the
PRL response after administration of the 5-HT precursor, 5-
HTP, was only partially antagonized by ketanserin even at a
dose of 25 mg/kg (Meltzer et al., 1983). Thus, the type of 5-HT
receptor mediating PRL secretion may be a novel one, neither
5-HT,4 nor 5-HT,. Finally, a nonspecific stress effect could
also account for the antagonist-resistant rise in serum PRL.

The effect of MDMA on PRL secretion was short-lived and
dose-independent as compared to its effect on corticosterone
secretion. The failure of MDMA to elicit a dose-dependent
PRL response may be due to direct or indirect effects of MDMA
on dopaminergic mechanisms. For example, MDMA has been
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reported to possess dopaminergic releasing properties in vitro
as well as in vivo (Johnson et al., 1986; Kulmala et al., 1987).
Such a DA-releasing effect of MDMA would offset serotonergic
mediated stimulation of PRL secretion, and thereby contribute
to a nondose-related increase in serum PRL concentration.

The dissociation between serotonergic-mediated corticoster-
one and PRL secretion has been reported previously. For
example, Van de Kar et al. (1985b) found that the effects of
fenfluramine on PRL secretion were mediated via 5-HT release,
whereas the effect on corticosterone secretion was not. Fur-
thermore, lesions of the mediobasal hypothalamus completely
abolished PCA-induced PRL secretion but did not completely
block PCA-induced corticosterone secretion (Van de Kar et al.,
1985a). These studies suggest that the neural mechanisms that
control the secretion of PRL and corticosterone are different.
Moreover, these data support the hypothesis that the indirect
agonist, MDMA, stimulates site-specific areas of the brain.

The inability of the nonspecific 5-HT antagonists, metergo-
line and cyproheptadine, to block MDMA-induced PRL and
corticosterone secretion is difficult to understand. The doses
used in this study were sufficient to block corticosterone secre-
tion induced by direct-acting 5-HT agonists such as quipazine
and MK-212 (Fuller and Snoddy, 1979; Koenig et al., 1987).
Furthermore, the antagonism of MDMA-induced corticoster-
one secretion by the specific 5-HT; antagonists, ketanserin and
mianserin, suggests that the nonspecificity of the other antag-
onists may, in fact, account for their inability to block the
effects of MDMA on hormone secretion.

PCPA administration significantly reduced the levels of 5-
HT and 5-HIAA concentrations in both the cortex and hypo-
thalamus. The depletion of 5-HT by PCPA completely abol-
ished MDMA-induced corticosterone and PRL secretion.
PCPA administration, alone, elevated corticosterone levels in
vehicle-treated animals. Thus, it could be argued that elevated
basal levels of corticosterone could inhibit further stimulation.
However, as demonstrated by Fuller and Snoddy (1980), PCPA-
pretreatment did not block the ability of the direct acting
agonist, quipazine, from stimulating corticosterone secretion.
Furthermore, these authors demonstrated that PCA-induced
corticosterone secretion was completely blocked by PCPA pre-
treatment. In the present study, the results unequivocably
establish that MDMA requires endogenous 5-HT to stimulate
the secretion of PRL and corticosterone.

The neurotoxic effects of MDMA clearly illustrate the poten-
tially dangerous consequences of its use in man. However, two
lines of evidence question the functional consequences of these
depletions. The first relates to the depleting effects of the
frequently used anorexic agent, fenfluramine. Harvey et al.
(1975) and Harvey and McMaster (1977) reported that fenflur-
amine, as well as other halogenated amphetamines, induces
long-term depletion of 5-HT. Fenfluramine, which has been
used for the management of obesity for several years, also has
been reported to destroy 5-HT nerve cell bodies. It is possible
that this neurotoxicity is subtle and predisposes individuals to
chronic diseases; however, to date, there are little data to
support this hypothesis. The second line of evidence includes
the clinical reports of van Praag et al. (1970) and van Praag
and Korf (1973) in which PCA, a thoroughly studied 5-HT-
depleting agent, was reported to possess antidepressant effects.
Therefore, contrary to what might be predicted in these studies,
PCA was an effective antidepressant, which apparently did not
result in serious medical consequences as a result of any 5-HT-
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depleting effects. These studies may add insight into the an-
ecdotal suggestions that MDMA has antidepressant and eu-
phoric effects. More importantly, as suggested by Nichols et al.
(1986), MDMA may represent a unique pharmacologic agent.

To our knowledge, these data are the first to demonstrate 5-
HT receptor-mediated responses elicited by MDMA. For the
most part, MDMA exhibits a pharmacologic profile similar to
that of PCA. MDMA is taken up by a fluoxetine-sensitive
uptake mechanism, requires endogenous 5-HT and indirectly
stimulates 5-HT; postsynaptic receptors, resulting in the secre-
tion of corticosterone. Furthermore, research into the neuro-
toxic effect of MDMA, as well as its action on other neurotrans-
mitter systems, may provide insight into the complex pharma-
cology of it and other substituted phenethylamines.
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