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subsequent neurodegeneration was unaltered. L-DOPA (25 mg kg _) injected before a sub-toxic
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)bisphosphonate, a
lipopolysaccharide- rhe commonly misused recreational drug3,4-methylenedioxy- 1987; Sharkey et al., 1991; Hewitt & Green, 1994). The
tour necrosis factor _ethamphetamine (MDMA or 'ecstasy') has two well mechanisms involved in producing this neurodegeneration are

Jposome mediated _tablished phases of action in experimental animals. The not fully understood at present, but recent data have given
tion, preparation or' acute phase consists of a rapid release of 5-hydroxytryptamine substantial evidence to support the contention that increased
th.. 174, 83-93. (5-HT) from neuronal stores, thereby producing many of the free radical production is involved (see Colado et al., 1997b).

_cute behavioural changes, including behavioural excitation Studies on both the pharmacology of MDMA and putative
{eceivedJuly 7,19%' _ndhyperthermia, that are seen in both experimental animals neuroprotective agents have also indicated a role for dopamine
wd October 13, 199S

November 17, 19981 lnd humans (see reviews of White et al., 1996; Green et al., in the neurodegenerative process. For example Stone et al.,
1995;Steele et al., 1994). (1988) proposed a role for dopamine based on their studies

The second action of MDMA m the brain of experimental which showed that the long term depletion of cerebral 5-HT
animals is to produce a long lasting neurotoxic loss of 5-HT which follows administration of MDMA was attenuated by
terve terminals in several, areas of the brain, an effect the dopamine synthesis inhibitor c_-methyl p-tyrosine or the
lemonstrated both histologically (O'Hearn et al., 1988; monoamine depictor reserpine. Schmidt et al. (1990b) reported
Vlolliver et al., 1990) and biochemically (Battaglia et al., that injection into the striatum of the selective dopamine

neurotoxin 6-hydroxydopamine (6-OHDA) blocked the
neurotoxic effects of MDMA on 5-HT neurones not only in

'&uthorfor correspondence, the striatum but also other forebrain regions such as the
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hippocampus and cortex. In addition Stone et al. (1988) methiazole edisylate (Astra Arcus, S6dertiilje, Sweden),
reported that the dopamine uptake inhibitor GBR 12909 was haloperidol (Sigma-Aldrich Quimica S.A., Spain), L-3,4,
neuroprotective. Finally, both Schmidt et al. (1990b) and dihydroxyphenylalanine methyl esther (Methyl L-DOPA,
Hewitt & Green (1994) have shown that acute administration Sigma-Aldrich Quimica S.A., Spain) and benserazide (Sigma.
of the dopamine antagonist haloperidol together with MDMA Aldrich Quimica S.A., Spain).
provides effective protection against neurotoxic damage. It is In all the experiments using L-DOPA, the dose of L-DOPA
acknowledged that none of these studies demonstrate was preceded I min earlier by an injection of benserazide, a
authoritatively the involvement of dopamine in the MDMA- peripheral DOPA decarboxylase inhibitor, at a dose of
induced neurodegeneration because none of the compounds 6.25 mg kg _ i.p. in order to avoid the peripheral metabolism
used in these investigations (haloperidol, 6-OHDA, :t-methyl of L-DOPA.
p-tyrosine) selectively alter dopamine function. Nevertheless, All compounds except haloperidol were dissolved in 0.9%
when taken with other evidence (see below) that MDMA w/v NaCl (saline). Haloperidol was suspended in peanut oil.
administration alters dopamine biochemistry in the brain, the Control animals were injected with the appropriate vehicle. All
interpretation that dopamine was involved in the mechanisms drugs were injected J.p. in a volume of I ml kg _. Doses are
by which MDMA causes neurodegeneration of 5-HT nerve always quoted in terms of the base.
terminals appeared plausable.

Whilst MDMA has generally been reported to not produce Measurement of rectal temperature
neurotoxic degeneration of dopamine neurones (Stone et al.,
1986; Schmidt, 1987; Schmidt & Kehne, 1990; Colado et al., Temperature was measured by use of a digital readout
1997a, b), both in vitro and in vivo studies have found that thermocouple (Type K thermometer, Portec, U.K.) with a
MDMA enhances dopamine efflux from cerebral tissue. For resolution of _+0.1°C and accuracy of _+0.2°C attached to a
example MDMA increases release of [_H]-dopamine from CAC-005 Rodent Sensor which was inserted 2.5 cm into the
striatal slices (Johnson et al., 1986; Schmidt et al., 1987) and rectum, the rat being lightly restrained by holding in the hand.
the drug has also been reported to inhibit [3H]-dopamine A steady readout was obtained within 10 s of probe insertion.
uptake into striatal synaptosomes (Steele et al., 1987). Use of in
vivo voltammetry (Yamamoto & Spanos, 1988) and in vivo Elevation of body temperature with a homeothermic
microdialysis (Hiramatsu & Cho, 1990; Nash, 1990; Nash & blanket
Brodkin, 1991) has demonstrated that MDMA increases
dopamine release and these results are supported by the In one experiment rats were injected with MDMA+
observation that MDMA produces an acute increase in striatal halope, ridol and had their rectal temperature kept elevated to
dopamine content and a decrease in the dihydroxyphenylacetic near that seen in rats given MDMA alone. This was achieved
acid (DOPAC) content (Schmidt et al., 1986; Johnson et al., by placing the rats in a cage with a Harvard Homeothermic
1991;Colado & Green 1994). Blanket (Model 50-7087)covering the base.

These data led us to suggest that the reason that drugs
which enhanced GABA function such as pentobarbitone Measurement of monoamines and their metabolites in
(Colado & Green, 1994) and clomethiazole (Colado et al., cerebral tissue
1993) were neuroprotective was because their administration

resulted in an inhibition ofdopamine release (Colado & Green, Rats were killed by cervical dislocation and decapitation, the
1994; Green et al., 1995). Recently however it has been brains rapidly removed and cortex, hippocampus and striatum
apparent that some re-evaluation is necessary of reports on the dissected out on ice. Tissue was homogenized and 5-
neuroprotective action of various compounds. This is because hydroxytryptamine (5-HT), 5-hydroxyindoleacetic acid (5-

I it is now clear that some drugs attenuate damage solely HIAA), dopamine, homovanillic acid (HVA) and 3,4-
because they either induce hypothermia (Farfel & Selden, dihydroxyphenylacetic acid (DOPAC) measured by high
1995a, b; Malberg et al., 1996) or merely prevent the MDMA- performance liquid chromatography (h.p.l.c.). Briefly, the
induced hyperthermia (Colado et al., 1998b). In particular the mobile phase consisted of: KH?O4 0.05 M, octanesulphonic
report that c_-methyl p-tyrosine is neuroprotective because of acid 0,16 mM, EDTA 0.l mM and methanol (16%), and was
its hypothermie effect (Malberg et al., 1996) and our recent adjusted to pH 3 with phosphoric acid, filtered and degassed.
observation that pentobarbitone is not protective when the The flow rate was I ml min-i and the working electrode
animals are kept warm (Colado et al., 1998a) has encouraged potential was set at 0.85 ¥.
us both to re-examine our earlier data on haloperidol and also The h.p.l.c, system consisted of a pump (Waters 510) linked
to try and clarify further the possible role of dopamine in the to an automatic sample injector (Loop 200/-ti, Waters 712
neurodegenerative changes which follow MDMA administra- WISP), a stainless steel reversed-phase column (Spherisorb
tion. ODS2, 5 ttm, 150x4.6 mm) with a precolumn and an

amperometric detector (Waters M460). The current produced
was monitored by using an integrator (Waters M745).

Methods
[3H]-Paroxetine bbuting hi tissue homogenates

Animals, drugs and reagents

['_H]-Paroxetine binding was measured by the method
Adult male Dark Agouti rats (Inte,'fauna, Barcelona, Spain) described in detail by Hewitt & Green (1994). The animals
weighing 150- 170 g were used. They were housed in groups of were killed, the brain rapidly removed and dissected on ice
five, in conditions ol'constant temperature (21°C_+2°C) and a within 2 min. Tissue from individual animals was homO'
12 h light/dark cycle (lights on: 07 h 00 min) and given free genized in ice-cold Tris-HCl (50 mM; pH 7.4) containing (in
access to food and water, mM): NaCI 120 and KC1 5, using an Ultra-Turrax. The

The following drugs were used: (-+) 3,4-methylenedioxy- homogenate was centrifuged at 30,000 x g for 10 rain at 4°c'
methamphetamine HCI (Ministry of Health, Spain), cio- The supernatant was discarded and the wash procedure
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't/ilje, ,Swo,,_ '_,,ted twice more The elletwasfinall resus r)ended in thea , "Weden _a . p ', y ,',p the interaural zero. The dialysis probe (3.5 mm x 200 t_m:
spain), L-3 tDuffer at a concentration of 10 mg tissue m{ '. In order to Cupropban) was implanted in the right hippocampus

:thy{ I.-I)Op', lin an estimate of the maximal density of [qJ]-paroxetine- +2.2 mm from the interaural line, -4.3 mm lateral and
;erazide (Sigm; tiled 5-HT uptake sites the assay solution (I mi) contained -8 mm below the surface of the brain (K6nig & Klippel,

aturating concentration of [3H]-paroxetine (1 nM) and 1963). Probes were secured to the skull as described by
ese of I.-DOF /_1tissue preparation with the addition of 5-HT (100 .aM) Baldwin et al. (1994).
' benserazidc determination of non specific binding, incubation was for
at ti dose _in at room temperature. Assays were terminated by rapid Measurement of free radicaIJbrmation in vive using
:ral mchibolis tion and counting of the radioactivity by scintillation microdialysis

/_;odne;_ ° Protein concentrations were measured by the
solved in 0.9_, wry et al. (1951). Free radical formation in the brain in vive was determined
I in peanut mit by the method recently described in detail by Colado et al.
late vehicle. A'ii_'_dantalionof microdialysis probe in the striatum
g I. Doses

ar_ttswere anaesthetized with sodium pentobarbitone (Euta- (a)
Inder, 40 mg kg _ i.p.) and secured in a Kopf stereotaxic
I_e with the tooth bar at -3.3 mm below the interaural 41. -O-Saline {
10. The dialysis probe (3.5 mm × 200 ,am: Cuprophan) was -t- MDMA Iigital readout_lanted in the right striatum + 7.9 mm from the interaural --, -I- MDMA + Hal

U.K.) with ale , -2.5 mm lateral and -8 mm below the surface of the _ 40. _ ,_-'_ '

attached to alain (K6nig & Klippel, 1963). Probes were secured to the _..5 cm into thelull as described by Baldwin et al. (1994).

_g in the hand.I nt _ 39'obe insertion._easureme of dopamine and their metabolites in the

iiatal dialysate
'othermic !_e tvnty-four hours after implantation, probes were perfused 38-

Lhartificial cerebrospinal fluid (in mM): KCI 2.5, NaCI 125, -_1 6 1 2 3 4 5
h MDMA+ C1>6H20 1.18, CaCI2.2H20 1.26, at a rate of 1 ,al mtn t
pt elevated to samples collected from the freely moving animals at _l_ _ Time (h)
was achieved _min intervals in tubes containing 5 #1 of a solution

[omeothermic imposed of HC104 (0.01 M), cysteine (0.2%) and sodium
etabisulphite (0.2%). The first 60 mtn sample was discarded
id the next three 30 mtn baseline samples collected. (b)

_bolites in Dopamine, DOPAC and HVA were measured in the -O-Saline -O-MDMA -Cl.-Hal 1

_alysate by h.p.l.c, and electrochemical detection. The mobile l-I- MDMA + Hal (homeothetmic blanket) [_ase consisted of KH2PO4 (0.05 M), octanesulphonic acid

tpitation, the :llmu), EDTA (0.1 mM) and methanol (14°/o), and was 41.5-] II
and striatum _justed to pH 3 with phosphoric acid, filtered and degassed.
zed and 5- _he flow rate was 1 mi min-I. The h.p.l.c, system consisted of _' 40.5
_tic acid (5- {[pump (Waters 510) linked to manual sample injector (Loop

0 and 3,4-_gl Rheodyne), a stainless steel reversed-phase column _. 1 __}._ _

ed by high _Spherisorb ODS2, 5 .am, 150x4.6 mm) with a precolumn 39.5
Briefly, the i_ada coulometric detector (Coulochem 5100A) with a 5011 ._

mesulphonic llalytical cell. The working electrode potential was set at '_ I '_ _

'/o), and was 00mV with 500nA gain. The current produced was _ 38.5

nd degassed, aonitored by using a computer data handling system I_. 37.5-
lg electrode t,XXIOM 747).

The limit of the sensitivity of these assays was -_1 6 '1 :3 3 4 ' 5
510) linked @proximately 8 pg (dopamine), 30 pg (DOPAC) and 125 pg

Waters 712 (IWA). The per cent recovery of a solution containing _ _ Time (h)
(Spherisorb d0pamine (1 pg.al-_), DOPAC (100pg.al x) and HVA
in and an [150pg itl-I) was 26.5+5.5% (n=4) for dopamine, Figure 1 Effect of haloperidol (Hal) on MDMA-induced hyperther-
nt produced !5.8+ 1.7% (n =4) for DOPAC and 28.0+ 1.4% (n=4) for mia. (a) Rectal temperature of rats injected with saline or MDMA

-- -- (15 mg kg-t i.p.) at time zero and rats injected with haloperidol
745). _IVA.The percentage of recovery is maintained constant for (2 mg kg- i J.p.) at - 5 mtn and + 55 mtn and treated with MDMA

the following ranges of concentrations in the external at time zero. There was no difference in the basal temperature of the
?s raedium: dopamine 1-27 pg itl -_, DOPAC 100- groups. MDMA produced a significant rise in body temperature

2700pg fil _, and HVA 150-4050 pg id -_. These ranges (F(1,10)=19.89, P<0.01) compared with the saline injected group.
_e method _ere comparable to the amounts of dopamine and Administration of haloperidol to MDMA-treated rats prevented theMDMA-induced hyperthermia (F(I,11) = 27.16, P < 0.00 I). (b) Effect
'he animals _etabolites recovered from the brain #l vive. of haloperidol on MDMA-induced hyperthermia when rats injected
cted on ice with haloperidol+ MDMA were kept at high ambient temperature.
_vas homo- Implantation of microdialysis probe in the hippocampus Temperature of rats given haloperidol and saline is also shown. There
itaining(in wasno differencein basaltemperatureof thegroups.Usingthe

homeothermic blanket, the rectal temperature of the haloperi-
urrax. The Rats were anaesthetized with sodium pentobarbitone dol+MDMA-treated rats was significantly higher than that of the

'Enin at 4°C. ( uta-Lender', 40 mg kg -_ J.p.) and secured in a Kopf saline group (F(1,10)=141.69, P<0.001). All results shown as
procedure Stereotaxic frame with the tooth bar at -3.3 mm below means+s.e.mean of n=4-6 rats.
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/ (1997b). The method relies on the fact that hydroxyl free discarded and the next three 30 min baseline sampl
radicals react with salicylicacid to generate 2,3- and 2,5- collected. ._
dihydroxybenzoic acids (2,3-DHBA and 2,5-DHBA)and this The two compounds 2,3-DHBA and 2,5-DHBA were_
reaction is utilized by measuring the formation of 2,3- and measured by h.p.l.c, and electrochemical detection. The
2,5-DHBA in the dialysate of a microdialysis probe mobile phase consisted of KH?O4 (0.025 M), acetonithle'
implanted in the hippocampus (see above) and which is (20%) and methanol (10%) and was adjusted to pH 3.7 with
being perfused with salicylic acid (see Chieuh et al., 1992; phosphoric acid, filtered and degassed. The flow rate wai
Giovanni et al., 1995). Twenty-four hours after implanta- lml rain -_.

tion, probes were perfused with artificial cerebrospinal fluid The h.p.l.c, system consisted of a pump (Waters 510) linked
(in mM): KCI 2.5, NaCI 125, MgCI2.6H20 1.18, CaC[2.2H20 to manual sample injector (Loop 20 #1 Rheodyne), a stainless
1.26, containing salicylic acid (0.5 mM) at a rate of steel reversed-phase column (250 x 4.6 mm, 5 tim C8 Ultra.'
1 /il min _ and samples collected from the freely moving carb, Phenomenex) with a precolumn (30 x 4.60 mm, 5 tim CB
animals at 30 min intervals. The first 60 min sample was Ultracarb, Phenomenex) and a coulometric detector (Coul0.
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Figure 2 Indole concentrations in (a) hippocampus, (b) cortex and (c) striatum and (d) density of 3H-paroxetine labelled 5-HT
uptake sites in cortex 7 days following saline or haloperidol (Hal, 2 mg kg-t i.p.) 5 min before and 55 rain after MDMA
(15 mg kg-I i.p.). Results shown as means+s.e.mean, n=4-7. Different from saline-treated: *P<0.05, **P<0.01. Different from
MDMA-treated: AP<0.05, AAP<0.01.
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baseline samples them 5100A) with a 5011 analytical cell. The working electrode monoamine and [3H]-paroxetine binding experiments were

potential was set at 400 mV with I ira gain. The current analysed by the Newman-Keuls test.
2,5-DHBA Were produced was monitored by using a computer data handling
I detection. The system(AXX1OM 747).
5M),acetonitrile Results
:d to pH 3.7 with Statistics
le flow rate was The efi_ct o/' haloperidol on rectal temperature of

Statistical analyses of the microdialysis experiments were MDMA-treated rats kept at normal ambient

Vaters 510) linked performed using the statistical computer package BMDP/386 temperature
Myne), a stainless Dynamic (BMDP Statistical Solutions, Cork, Eire). Data were
· 5 Itm C8 Ultra. analysed by analysis of variance (ANOVA) with repeated Administration of MDMA (15 mg kg-_ J.p.) produced a clear
L60 mm, 5/xm Ci_ ¢,easures (program 2 V) or, where missing values occurred, an and sustained hyperthermia (Figure la). In contrast, when

detector (Coul0. unbalanced repeated measure model (program 5 V) was used. haloperidol (2 mg kg-_ i.p.) was injected 5 mtn before and
Bothused treatment as the between subjects factor and time as 55 mtn after the MDMA injection the hyperthermic response
the repeated measure. ANOVA was performed on both pre- was totally abolished (Figure la). Administration of haloper-
treatment and post-treatment data. Temperature data were also idol (2 mg kg" _J.p.) alone had no effect on rectal temperature
analysed by ANOVA with repeated measures. Data from (Figure lb).
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Figure 3 lndolc concentrations in (a) hippocampus, (b) cortex and (c) striatum and (d) density of '_H-paroxetme*labelled 5-HT
e labelled 5-HT uptake sites in cortex 7 days following saline or haloperidol (Hal, 2 mg kg _ J.p.) 5 mtn before and 55 mtn after saline or MDMA

after MDMA (15 mg kg _J.p.). The MDMA+haloperidol group was kept at high ambient temperature during the 6 h after the first haloperidol
· Different from injection. Results shown as means+s.e.mean, n=4-6. Different from saline-treated: *P<0.05, **P<0.01. Different from MDMA-

treated: AP<0.05.
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Tilt' effect of haloperidol on the cerebral monoamine 4.1.5 [-<>-Saline ']
content and [3H]-paroxetine binding in MDMA-treated x_ T I-°-L'D°PA [
rats kept at normal ambient temperature _ 40.5 _/_ ._T I -O''MDMA /

o  DoP^j

MDMA (15 mg kg _ i.p.) administration produced a sub-

stantial loss in 5-HT and 5-HIAA concentration in the three _- 39.5 _e- 6
brain areas examinedand also in [3H]-paroxetinebinding ·
valuesin the cortex (Figure2) 7 days later. Haloperidol _ _0
administration provided significant protection against this _ 38.5 o_ 4
neurotoxicdegeneration(Figure2). rr

37.5- _ 2_

The effect of haloperidol on rectal temperature of -'1 6 _ 2 _ i_ _ _ _ g

MDMA-treated rats kept at high ambient temperature _ Time (h)
/ /

The experiment above was repeated except that the rats which Figure 4 Rectal temperature of rats receiving [-DOPA (25 mg kg-I
were injected with both MDMA and haloperidol were kept at J.p.+ benserazide 6.25 mg kg i J.p.) 2 h after MDMA (15 mg kg-l
high ambient temperature (see Methods) in order to prevent i.p.) or saline. Also shown are the rectal temperature of animal
the decrease in rectal temperature that occurred when this injected with saline instead of L-DOPA and administered 2 h before
group was kept at normal ambient temperature. This aim was saline or MDMA. There was no difference in the basal temperature

of the groups. MDMA produced a significant rise in bod_ {

achieved (Figure lb). temperature (F(1,9) = 129.36, P<0.001) compared with the salin 25'
injected group. Administration of c-DOPA to MDMA-treated rats

The effect of haloperidol on the cerebral monoamine produced a prolongation of the hyperthermic response induced by
content and [3H]-paroxetine binding in MDMA-treated MDMA (F(1,ll)=4.12, P<0.05). _' 20(

.__

rats kept at high ambient temperature _ 151

Administration of MDMA (15 mg kg t i.p.) again produced a Effkct of MDMA and L-DOPA on free radical _
substantial loss in 5-HT and 5-HIAA concentration and [3H]- formation in the brain _ 10(
paroxetinebindingin the brain 7 days later (Figure3). o_
However little or no protection was seen in the group given In confirmation of previous findings (see Discussion) MDMA ._ 5¢
haloperidol plus MDMA when the temperature of the rats had injection increased the concentration of 2,3- and 2,5-DHBA in 'r

>

been kept elevated to match the temperature seen in the rats the dialysate from a microdialysis probe implanted in the 0
given only MDMA (Figure 3). hippocampus and perfused with salicylic acid (Figure 6).[.

DOPA (25 mg kg- t i.p. + benserazide 6.25 mg kg- _ i.p.) alone

Effect of L-DOPA on rectal temperature of MDMA did not produced significant changes in the concentration of
treated rats 2,3 DHBA or 2,5 DHBA (Figure 6). The increase in formation

of 2,3- and 2,5-DHBA resulting from MDMA injection was
Administration of L-DOPA (25 mg kg _+ benserazide unaltered by an injection of L-DOPA (25 mg kg _) 2 h late: (C

6.25 mg kg _) had no effect on rectal temperature (Figure 4). (Figure 6). 250-
However, when this dose was administrated 2 h after MDMA

[

(15 mg kg-_) it extended the duration of the major MDMA- The effect of L-DOPA on MDMA-induced degeneratio_: .__ 200_
induced hyperthermia (Figure 4). Higher doses of L-DOPA or of 5-HT neurones _ I
administering this dose of the compound at the same time as
MDMA resulted in death of the animals, apparently as the A single injection of MDMA (15 mg kg t) resulted in a major 150_:
result of severe hyperthermia so such protocols could not be loss of 5-HT and 5-HIAA in the hippocampus, cortex and /

investigatedfurther, striatum 7 days later and a similar loss of [3H]-paroxetint 100]J
binding in the cortex (Figure 7). The degenerative loss of 5-I-E /

Effect of MDMA and L-DOPA on dopamine metabolism was similar in rats injected with MDMA and those giver 501'
MDMA plus L-DOPA, while L-DOPA alone was with0u'. J

Injection of MDMA (15 mg kg--t) produced a rapid and effect on the concentration of either the indole concentrati0r 0
substantial increase in extracellular dopamine in the or [3H]-paroxetine binding in the brain (Figure 7). MDM_
striatum, as measured by microdialysis (Figure 5a). This injection either alone or with L-DOPA also had no effect or
peak was followed by a sustained decrease in both HVA and the concentration of dopamine or DOPAC in the striaturn'
DOPAC, the decrease in the latter starting earlier than that days later (Table 1).
of HVA(1 h after MDMA,the DOPACand HVA levels gure5 Ci_movanillic
compared to basal values were 23+_2% and 60+_3%, Effect oflowdose MDMA and L-DOPA on rectal 3PAC) in
respectively, P<0.01) (Figure 5b and c). Injection of L- temperature, dopamine metabolism and subsequent rngkg mj
DOPA (25 mg kg-_ + benserazide 6.25 mg kg _) alone pro- neurotoxicity of cerebral 5-HT neurones )MA (15
duced no changein the concentrationof dopaminein the ntentofD,t
dialysate, but did produce a sustained and large increase in Rats were injected with L-DOPA (25 mg kg t +benserazi_ HVA (F(
both HVA and DOPAC (Figure 5b and c). When L-DOPA 6.25 mg kg l) followed 30 min later with a sub-neurot0_ ].001). AMA on (
was injected 2 h after MDMA it did produce a clear dose ofMDMA (5 mg kg _)to examine whetherpretreatmes _ersed the
increase in dopamine, thereby enhancing the size of the total with the amino acid would result in MDMA now produciO ,0.001) and
dopamine response (Figure 5a). A prolonged increase in toxicity· Pretreatment with [-DOPA did not enhance 0 '.n alone,
both HVA and DOPAC was also seen, thereby reversing the hyperthermic effect of MDMA (Figure 8) Although L-DOF; !,10)=27.3,· · aesare e
MDMA-induced decrease in the concentration of these two did not enhance the MDMA-induced increase in dopamine_ _asurements
metabolites (Figure 5b and c). the striatal dialysate, it induced marked increases in both H¥.' s.e.meanof
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and DOPAC in place of the decrease in the concentration of
o-Saline _ (a) these metabolites produced by MDMA alone (Figure 9). The
t23-L-DOPA [
·e-MDMA ! 800. low dose of MDMA did not result in neurodegeneration

·t-MDMA+L-DOPA] / occurring 7 days later, nor did the pretreatment with L-DOPAresult in this dose of MDMA producing neurodegeneration

'"_ 6001 (Figure 10).

i 1 Effect of clomethiazole on the MDMA-inducedchange in

._ 400 dopamine metabolism in vivo

2004 The increasein dopamineanddecreasein HVAand DOPAC
induced by MDMA (15 mg kg -_) was totally unaltered by

6 -} _ 0 administration of clomethiazole (50 mg kg-_) 5 mtn prior and
55 mtn post MDMA injection (Figure 11).

-t)Ol'A(2,mgkg-' I I (a)vlDMA (15 mg kg-t Time (h)
iperature of animals 1501

ministered2hbefore _' /hebasaltemperature ._

icant rise in body (b) '_ 130 1
,redw.hthesa,ne2..01 "'O1
MDMA-treated rats
responseinducedby '_

2001

'- 901
e radical ,_ g 70

B ,001
03

iscussion)MDMA 501 ' i ' i ....
and 2,5-DHBA in

-r Time(h)implanted in the 0

mid (Figure 6). L- /1 6 J 2 3 '4 5 {_
ng kg- _J.p.) alone

e concentration of t t Time (h) r-o-Saline -e-MDMA
:reasein formation (b) [-C3-L-DOPA -i--MDMA+L-DOPA
,MA injection was

'rig kg-')2h later 5(C) °'c 160]

2 '- 1
-O-Saline '_ 140

'ced degeneration c_' 20 -O-L-DOPA _ 120

resultedin amajor ._ 15 --_--MD_ o_ 100j

tmpus,cortexand _ _ 1
of['H]-paroxetine_10 _ 80

rativeloss of 5-HT tO 5 tn 60
, andthosegiven_ e4
lonewaswithout ........

JoleconcentrationO t t Time(h)
:igure 7). MDMA -_1 6 :1 2 :3 ,i _ 6

, had no effect on _ f Figure 6 Changes in the levels of (a) 2,3 dihydroxybenzoic acid
' in the striatum7 / - Time (h) (DHBA)and (b) 2,5 DHBAin the hippocampaldialysateof rats

treated with L-DOPA (25 mg kg f i.p.+benserazide 6.25 mg kg -I
Figure 5 Changes in the levels of (a) dopamine (DA), (b) i.p.) or saline 2 h after MDMA (15 mg kg t i.p.). MDMA increased

· , l°movanillic acid (HVA) and (c) 34-dihydroxyphenylacetic acid the extracellular levels of 2,3 DHBA (F(1,11)= 10.34,P<0.001) and',q Oll recta/ ' '
_I)OPAC) in the striatal dialysate of rats treated with L-DOPA 2,5 DHBA (F(I,11)=4.66, P<0.05). This effect was not modified by

subsequent lis mg kg- 1 J.p.+ benserazide 6.25 mg kg- i i.p.) or saline 2 h after L-DOPA injection 2 h after MDMA. L-DOPA, when given to saline-
s' [}IDMA (15 mg kg-t i.p.). MDMA produced an increase in the treated rats did not significantly modify the extracellular levels of 2,3

[_ntent of DA (F(1,9)= 74.34, P<0.001) and a decrease in the levels DHBA or 2,5 DHBA. Values are expressed as a percentage of the
' + benserazide 1{ I-tVA (F(1,9) = 81.07, P<0.001) and DOPAC (F(I,9) = 52.61, mean of three measurements before drug administration. Each valuekg

· :c '_*'lq0 001) Administration of L-DOPA enhanced the effect of is the means_+s.e, mean of 6- 10 experiments. The basal concentra-
tisub-neurotox' '_!b' ' F I 10 9 57

le ttment IIq°MA on extracellular dopamine ( ( , )= . , P<0.001) and tions in saline-treated rats (n= 6) were: 2,3 DHBAetherpret'z _ersed the MDMA-induced decrease in HVA (F(1,10)=66.72, (10.14-1.1 pg#l I) and 2,5 DHBA(II.6±l.22pg#I-I).
A now roducing rl_,_0.001)and DOPAC (F(1,10)=43.10, P<0.001). L-DOPA, when

P_-ce the n alone increased the extracellular levels of HVAIPVe
not en ...... Irish , ' AC F.... r_vp,[F(1,10)=_7.30, P<0.001) and DOP ( (1,10)=24.54, P<0.001).

Mthougrl L-O.u' JYg_es are expressed as a percentage of the mean of three

tse in dopamme _!' _asurements before drug administration. Each value is the means treated rats were: DA (0.83_)+!.5pg #1-m), HVA (2464-16pg/_1-')HVA i,s co and DOPAC (252_+23pg #l-:ases in both . .e.mean of 5-7 experiments. The basal ncentrations in saline-
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Figure 7 Indole concentrations in (a) hippocampus, (b) cortex and (c)lstriatum and (d) density of 3H-iparoxetine labelled 5-HT
uptake sites in cortex 7 days following saline or L-DOPA (25 mg kg i.p.+benserazide 6.25 mg kg- J.p.) 2 h after saline or
MDMA (15 mg kg-_ J.p.). Results shown as means+s.e, mean, n = 5-8. Different from saline-treated: *P<0.05, **P<0.01.

Table I The concentration of dopamine and DOPAC in 41.5-

striatum 7 days after injection of MDMA (15 mg kg i i.p.) J--o- Saline .-e-MDMA J
followed 2h later by L-DOPA (25 mg kg i J.p.) J'-!-MDMA+L-DOPA J

Catechol(ngg concentration,tissue) °_'v 40.5- .-_' 1

/st injection 2nd injection n Dopamine DOPAC _

Saline Saline 5 6110_+423 1588+_212 _ -O
MDMA Saline 5 6200_+204 1600_+78 '_
MDMA L-DOPA 8 6771_+310 14034-137 _ 38.5- o_
Saline L-DOPA 5 6495+_170 1662+ 142 _ _._

Results shown as means+s.e.mean. No significant differ- 37.5--ences in tissue concentrations of the catechols were found
between experimental groups. -_l I 6 1 2 3 4 f 5 _

t t Time (h)

Discussion Figure 8 Rectal temperature of rats receiving L-DOPA (25 mg kg-j
i.p.+benserazide 6.25 mg kg-I i.p.) 30 min before MDMA

Both Schmidt et al. (1990b) and Hewitt & Green (1994) have (5 mg kg-l J.p.). Also shown are the rectal temperature of animals letgure
reported that administration of haloperidol concurrently with injected with saline instead of [-DOPA and administered saline 0t h0mov:

MDMA 30 min later. There was no difference in the basal (BOPA
MDMA attenuates the neurodegeneration of 5-HT terminals temperature of the groups. MDMA produced a rise in body !25rog
in the brain produced by this neurotoxic amphetamine and this temperature (F(1,10)=7.15, P<0.05). Pretreatment with L-DOP^ MDM/
observation was confirmed by the current study. Schmidt et al. did not alter the hyperthermic response induced by MDMA. bIDM/
(1990b)did not measurebody temperaturebut Hewitt& theME
Green (1994) observed that the combination of haloperidol I)OPA_

Percent
and MDMA, whilst not producing hypothermia, did markedly observation also confirmed by the present study. We therefore I
attenuate the hyperthermia normally produced by the drug, an repeated the experiment on the neuroprotective effect of I _lmini__Xperin

!
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haloperidol but used a homeothermic blanket, thereby keeping protective effect of haloperidol in this hyperthermic group was
therectal temperature of the animals elevated to a similar level marginal. These data support the findings in our other recent
t0 that seen in the group given only MDMA (Figure I). The investigations (Colado et al., 1998a, b) which have indicated

strongly that drugs can provide substantial neuroprotection
not only by producing hypothermia as has previously been
demonstrated by others (Farfel & Seiden 1995a, b; Malberg et

(a) al., 1996; Colado et al., 1998a) but also by merely preventing
J000] the MDMA-induced hyperthermia (Colado et al., 1998b).

t Haloperidol therefore can be concluded to be protective
800 T I-_-MDMA I because of its effect on temperature and not because of a

selectiveneuroprotectivemechanism.

:_ 600t This findingin turn raisedthequestionas to thevalidityof

._ !· earlier proposals that dopamine plays a key role in the
4001 expression of MDMA-induced neurotoxicity. Various ob-

/ servations have been used to support this tenet, including the

200 t fact that MDMA alters dopamine release (Johnson et al., 1986;

0 Nash & Brodkin,1991)and the observationthat L-DOPA
I Schmidt et al., 1987; Hiramatsu & Cho, 1990; Nash, 1990;

-_1 6 :1 5 :3 _, _ _3 _ administration potentiates MDMA-induced damage (Schmidt

t t et al., 1991). We therefore re-investigated both these claimsTime (h) and also investigated whether L-DOPA administration alters
the increase in free radical formation which has been shown to

follow MDMA injection (Colado et al., 1997b; 1998c).
(b) With regard to the alteration of dopamine metabolism

225 which follows MDMA injection, both Johnson et al. (1986)
and Schmidt et al. (1987) noted that MDMA released [3H]-

dopamine from striatal slices and Steele et al. (1987) reported

' 150 that the drug inhibited[3H]-dopamineuptake into striatal
synaptosomes. Subsequent studies using either in vivo

voltammetry(Yamamoto& Spanos,1988)or microdialysis
(Nash, 1990; Hiramatsu & Cho, 1990; Gough et al., 1991)

75 found that MDMA administration resulted in a rapid rise in
extracellular dopamine and decrease in DOPAC and HVA.
Boththesizeandthe timecourseof thesechangesas reported

-r 0 by Nash (1990) and Gough et al. (1991) were replicated in the
current study. The size of the dopamine increase and DOPAC

er_elledsalineb'HTor -_l 6 :l :) 3 _, 5 {5 7 decrease are considerably greater than those observed in

<0.01. { { Time (h) postmortem tissue 4 h after a single injection of MDMAI /
(Colado & Green, 1994).

The current investigation found that following MDMA the

(c) concentration of HVA in the dialysate was decreased in a
similar fashion to DOPAC, but that the change in the

150_/ extracellularlevelof HVA laggedbehindthe DOPACchange.

_' 125J _ -r The difference in the time courses of changes in the

· ] _ extracellularDOPACand HVAlevelsfollowingMDMAmay

100 reflect the fact that HVA is a secondarymetaboliteof4

_ ! dopamine, being predominantly derived from intraneuron.ally____
'B 75-{ formed DOPAC but also from the releasdd dbpa_.ifi'e via 3-

t
methoxyt_i'_m'ine (Westerink & Spaan, 1982). Therefore, the

50 delayeddecreasein HVAcomparedto DOPACmightbe due

n_ 25 to an initialrise in 3-methoxytyramineand its subsequentconversion to HVA by catechol O-methyl transferase. These
' _ _ 0 data suggestthat MDMAexertstwo separateactionson

-1 ' 6 1 2 3 '_ 5 6 7 dopaminergic activity in vivo, one causing an increase in
dopamine release and another producing a decrease in the& &

3PA (25 mg kg-I TT Time (h) intraneuronal dopamine metabolism (reflected by the extra-
before MDMA cellular levels of DOPAC and HVA).These changeson

:rature of animals igure 9 Changes in the levels of (a) dopamine (DA), (b) dopamine metabolites are probably the results of MDMA
inistered saline or 0movanillic acid (HVA) and (c) 3,4-dihydroxyphenylacetic acid blocking dopamine re-uptake (causing less dopamine to be
ce in the basal DOPAc) in the striatal dialysate of rats treated with L-DOPA metabolized to DOPAC) and also by inhibiting monoamine

a rise in body _bmgkg _1 i.p.+benserazide 6.25 mg kg t J.p.) 30 min before
nt with L-DOP^ _DMA (5 mg kg-_ i.p.). L-DOPA did not modify the effect of oxidase (MAO). Dopamine is preferentially metabolized by
y MDMA. {DMAon extracellular dopamine (F(1,8)=0.0908, n.s.)but reversed MAO-A in the rat striatum in vivo (Kato et al., 1986) and

ieMDMA-induced decrease in HVA (F(1.9)=47.82, P<0.001)and MDMA acts as a competitive inhibitor of MAO-A activity
K)PAC (F(1,10)=20.55, P<0.001). Values are expressed as a (Leonardi&Azmitia, 1994). An additional explanation of the

ty. We therefore _rcentage of the mean of two measurements before drug decrease in DOPAC and HVA would be a reduction indn_inistration. Each value is the means+s.c, mean of 4 6
ective effect of tXPeriments. - dopamine synthesis followingMDMA. However this hypoth-
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Figure l0 Indole concentrations in (a) hippocampus, (b) cortex and (c) striatum and (d) density of 3H paroxetine labelled 5-HT 'hat HV/
uptake sites in cortex 7 days following saline or L-DOPA (25 mg kg- t J.p.+ benserazide 6.25 mg kg- I i.p.) 30 min before MDMA 'larkedly
(5 mg kg-I i.p.). Results shown as means±s.c, mean, n=5-8. Different from saline-treated: **P<0.01. 'dtectincr

:learin vi
_0ssiblyab

esis is unlikely since MDMA does not alter tyrosine comes from our study on the effect of clomethiazole. TI_ _Ywasob
hydroxylase activity in the striatum (Stone et al., 1986). drug, which enhances GABA^ receptor activity (see Orca _fthe repc

The data raise a further point; that is. the nature of the 1998), inhibited the increase in extracellular dopamine w_ eurotoxici
mechanism of MDMA-induced dopamine release. It has often follows administration of methamphetamine, a known can_" _ll_agues
been assumed that the dopamine release is by a carrier- mediated mechanism (McMillen, 1983). Therefore, the faii_ _Possible_
mediated exchange mechanism as occurs with other ampheta- of this drug to alter the MDMA-induced increase u aal. This i

· g ? ·
mine-like drugs (Raiteri et al., 1979; Fischer & Cho, 1979; also extracellular dopamlne may reflect a difference in the rel¢ .._n of rat

· -ives llq_tOtoxsee McMillen, 1983). However it is worth noting that several mechanism between these two amphetamine der,va_ , , icit
investigators have provided convincing evidence that 5-HT2 implications of this to the selective neurotoxic action 0'[I' MDMA
ago.msla_t:nh_ncc__MDMA-induced dopamine release while 5- MDMA are discussed later. '_Uiredwit
HT2 antagonists inhibit release-(-Iq_sli}-I ; c e a., _ Interestingly the size of the increase in extracell_ ay et a

dopamine in the striatum following MDMA seen in of L-D(1990a, 199_-Ya-m_oto et al., 1995; Gudelsky et al., 1994). vivo_J _
MA-induce - reease t ere-fb-_ appears o pay a similar in magnitude to that seen after a high do¢:I_detected

major role in the release of dopamine. When one adds the methamphetamine (Baldwin et al., 1993) which ra_l_given a s
known effects of MDMA on dopamine uptake inhibition questions as to why the locomotor and behavioural a , as w

(Steele et al., 1987) and MAO inhibition (Leonardi & Azmitia, seen after MDMA administration appears to be 5-HT _ji,._. Order ,
1994) then it becomes plausible to suggest that carrier- than dopaminereceptormediated, havingadifferentprof_:_[__een our
mediated exchange need not be a major determinant inthe that seen after am hetamine(Callawavetal 1990. Ca111' _?nedwlP ' _ ' ' '1
increase of extracellular dopamine which follows MDMA & Geyer, 1992). It could be that the serotonin-medi_! %1 form

administration, a suggestion supported by recent in vitro behaviours predominate over any dopamine-mediated eff_ _Sate co_
studies (Crespi et al., 1997). Further support for this proposal While MDMA releases dopamine in both the accu_l_ _OUsly be,
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tion (Colado et al., 1997b; 1998c) was again seen in the current

-C-MDMA I study. While the concentration of 2,5-DHBA appeared to be
-4_MDMA+GMZ] increased by L-DOPA, this change was not statistically

¢0 , significant. In any event, as Halliwell et al. (1991) have pointed

_,00_ [_...... _] ,0o- out, a 2,3-DHBA increase is the only reliable indicator of

's .... increased free radical formation because of enzyme-induced

conversionof salicylateto 2,5-DHBA.Neverthelesswe found
60 _" ' [_lk o oj_ t_ , Ilo evidence that the MDMA-induced increase in either 2,3- or

.;-_ , _ _-rT-T3 2,5-DHBA was even modestly enhanced by L-DOPA

40 I administration.Thusoneplausibleexplanationfor the results

O,_ obtained by Schmidt et al. (1991), namely that tissue damage
20 resulting from free radicals produced by MDMA metabolism

(see Colado et al., 1997b) would be further potentiated by
administration of L-DOPA, a compound that through its

-_ 6 _ 5 :_ ,_ _ 6 _ metabolism to dopamine would also increase free radical
44 4 production through auto-oxidation (see Chiueh et al., 1992;Time (h)
II / 1993),couldnotbesupported.

il Changes in the levels of dopamine (DA) and the What does remain a possible explanation for the discrepant
(shown in the insert) in the striatal dialysate of rats findings is the degree of hyperthermia produced by addition of

with clomethiazole (CMZ, 50 mg kg _i.p.) or saline 5 min L-DOPA to MDMA-treated rats. As we and others have

and 55 min after MDMA (15 mg kg -l i.p.). Clomethiazole shown, sustained hyperthermia markedly enhances the
:flnot modify the effect of MDMA on DA, DOPAC and HVA neurotoxic damage produced by MDMA (Colado et al.,levels. Values are expressed as a percentage of the mean
threemeasurements before drug administration. Each value is the 1998b; Broening et al., 1995) presumably because hyperther-
ans+s.e, mean of 6-7 experiments, mia is conducive to enhancing free radical production (Kil et

al., 1996). If L-DOPA produced a sustained hyperthermia in
the strain of rats used by Schmidt et al. (1990) rather than the

Callaway& Geyer, 1992) and striatal regions (Nash, 1990; more transient effect we observed, then neurotoxic damage
paper) the accumbens is the locus for locomotor activity would probably be increased. However, such a mechanism

0110wingamphetamine administration (Kelly et al., 1975). does not indicate that dopamine has a core role in MDMA-
3t0wever,recent data suggest that the predominant action of induced neurodegeneration as has been proposed by others
_IDMAin this region may be that of inhibiting dopamine (Stone et al., 1988; Schmidt et al., 1991). In this regard it is also

x_ronal firinq,.(,Giffnrd at l.,_). Since the drug can induce worth pointing out that in our current study the increase in
2+

?a dependent dopamine release (Crespi et al., 1997) extracellular dopamine was almost the same whether a
_0paminemediated function would be suppressed, thereby neurotoxic dose of MDMA of 15 mg kg -_ or a non-toxic
:II0wing the expression of 5-HT mediated behaviours dose of 5 mg kg-_ was given.
acluding the serotonin syndrome (Spanos & Yamamoto, Finally we examined the effect of injecting clomethiazole on
989;Colado et al., 1993; Green et al., 1995). MDMA-induced changes in dopamine metabolism. Previously
When L-DOPA was given 2 h after MDMA we observed in an in vivo study we found that clomethiazole inhibited both

batextracellular dopamine was increased above that seen in the increase in dopamine and reduction in HVA and DOPAC
heMDMA alone treated group for approximately 3 h and which followed an injection of methamphetamine (Baldwin et
bat HVA and DOPAC concentrations also increased al., 1993). In contrast, clomethiazole appeared to have no5-HI

DMA narkedly over a similar period. These changes presumably effect on MDMA-induced changes in dopamine metabolism.
dtectincreased dopamine synthesis and release. Despite this This finding is perhaps suprising in the light of a report

i:lear/,,,,,ivo indication of increased dopamine release and suggesting that MDM._ed dopamj_ne release isr_9_gulated
)0ssiblyalso function, no enhancement of MDMA neurotoxi- by the activity of a GABAergic input into the substantia nigra

tzole. This !_was observed 7 daysater_seese data are in contradiction ('Yamamoto et a., 95). Clomet mzo e is one of-t_
_ee Green. _ftKereport o-FSchmidt et al. (1991) that MDMA-induced c"G'mpounds to have _-e_n shown unequivocally to protect
line which _urotoxicity is enhanced by L-DOPA. While Schmidt and against MDMA-induced damage by a mechanism which does
gn carrier. _lleagues used higher doses of L-DOPA these proved not involve a reduction in body temperature (Colado et al.,
the failure _apossibleto administer in the current study as they proved 1998b). It is also a compound that has been shown to have a
_crease in brai.This is probably because of the use of the Dark Agouti powerful neuroprotective action in a wide variety of animal
he release _tin of rat in our study since we have previously found that models of acute ischaemic stroke (Green, 1998). These data
fives. The _eurotoxicity occurs in these animals after much lower doses suggest that dopamine is not involved in the neuroprotective
action of ff MDMA and p-chloroamphetamine (PCA) than are effect ofclomethiazoleagainstMDMA-inducedneurotoxicity.

_lUired with other strains (see Colado et al., 1995; 1997b; Finally it is worth pointing out that a major conundrum is
tracellular 4Urrayet al., 1996). Nevertheless using the highest practical raised by the current study. In rats, but not mice (see Laverty
._vivowas 0seof L~DOPA, no potentiation of MDMA-induced toxicity & Logan 1990), MDMA produces a neurodegenerative loss of

dose of _detected. We were also unable to induce neurotoxicity in 5-HT nerve terminals, whilst sparing dopamine terminals
ch raiS_Ills given a sub-toxic dose of MDMA by also administering L- (Schmidt & Kehne, 1990; Colado et al., 1997a, b), a fact again
al activil._[_3PA, as was also reported by Schmidt et al. (1991). supported by the findings in this current study (see Table 1).
HT rather] In_order to investigate further this apparent discrepancy The question arises as to the mechanisms involved in this
profilel0 ]_een our data and that of Schmidt et al. (1991) we also selectivity. It is noteworthy that methamphetamine which also

CallaWa)'[aamined whether L-DOPA altered MDMA-induced free increases extracellular 5-HT and dopamine (see for example
.mediag4 igc. al formation. The MDMA-induced increase in the Baldwin et al., 1993) and also increases free radical formation
ed effed_]_Ysate concentration of 2,3-and 2,5-DHBA that has (Giovanni et al., 1995) produces neurotoxic degeneration of
ccuntbe_ _Viously been reported to occur after MDMA administra- both 5-HT and dopamine neurones (Gibb et al., 1990; Green et
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al., 1992; Baldwin et al., 1993). If we are correct and the methamphetamine and MDMA differ in their pattern of 010vAN_'

extracellular dopamine increase does not reflect carrier- damage. A major postulated neurotoxic metabolite of (1995)· systerr
mediated exchange then relatively little MDMA may be MDMA, namely dihydroxymethylamphetamlne (Hiramatsu tamim

entering the dopamine nerve ending and being metabolised et al., 1990; Colado et al., 1995, 1997b), has been reported fi00OH, 1

to thc neurotoxic metabolites which are then auto-oxJdised not to be toxic to dopamine neurones (Johnson et al effects
thereby producing free radicals (see Colado et al., 1997b). This 1992). _ono_

619-_

may, in part, explain its lack of neurotoxic action on dopamine In conclusion, the current results demonstrate that MDMA ogEEN, ,
nerve endings since it would be reasonable to assume that has a major acute effect on dopamine metabolism in the brain stroke

M DMA would be metabolized in the same way in dopamine but we suggest that there is little evidence to indicate that the efficac

and 5-HT neurones. Against this hypothesis however there is changes reported are crucially involved in the long term a_EeN,/
pharn

good evidence that dopamine uptake inhibitors markedly neurotoxic degeneration of 5-HT neurones produced by this ymeth
inhibit MDMA-induced dopamine release (Nash & Brodkin, commonly used recreational drug. ogy, 1
1991).This observation would strongly support the idea that _REEN.

MDMA acts to release dopamine by a facilitated exchange eros:

mechanism which utilises the dopamine uptake carrier 0n5-t
protec

mechanism (see Raiteri et al., 1979; Fischer & Cho, 1979; M.I. Colado thanks CICYT (SAF 98-0074) and Astra Arcus for 315-;
McMillen, 1983). financial support. The authors are grateful to Serviciode ÙuDELSi

Another possible explanation for the selective damage Restriccion de Estupefacientes, Ministry of Health, Spain for tion o
which follows MDMA is that the neurotoxic metabolites of supplying MDMA. releas_
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