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Abstract The effects of the MAO-B inhibitors, ity (Sprague et al, 19941 suggesting that toxicity is not
L-deprenyl and MDL-72974 on MDMA-induced sero- due to high extracellular 5-HT levels, or 5-HT metabo-
tonergic neurotoxicity in rats were examined. MDMA lites. Support for the importance of DA comes from
alone produced a significant decrease in the number of studies showing that MDMA-induced neurotoxicity
5-HT uptake sites, measured as a decrease in the Bma_ can also be blocked by the DA synthesis inhibitor
for binding of [3H]paroxetine, and in 5-HT and alpha-methyl-p-tyrosine, the DA uptake blocker GBR
5-HIAA levels in the striatum. L-Deprenyl and MDL- 12909 (Stone et al. 19881, and is potentiated by the DA
72974 attenuated this MDMA-induced decrease in synthesis precursor L-dopa (Schmidt et al. 19911.
serotonergic markers. The data suggest a key role for Because MAO-B preferentially deaminates DA

MAO-B in the expression of the neurotoxicity (refer to Westland et al. 19851, the present study was
produced by MDMA in the striatum, designed to determine whether the MDMA-induced

serotonergic neurotoxicity could be the result of the

Key words MDMA · Neurotoxicity · L-Deprenyl ' action of MAO-B on the high levels of DA produced
MDL-72974 by MDMA.
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:hecen- Administration of high doses of 3,4-methylenedioxy- Animals and experimental design

methamphetamine (MDMA) to rats and nonhuman In the first series of experiments, 18 adult, male Sprague-Dawley
,(19851 primates is known to induce degeneration of seroton- rats were individually housed with ad lib access to food and water.
_alities. ergic neuron terminals in the central nervous system The animals were given a single dose of saline, MDMA (40 rog/kg,

_gsites (McKenna and Peroutka 19901. However, the exact sc), k-deprenyl (2 mg/kg, IP) or a combination of k-deprenyl30 rain before MDMA. Seven days after treatment the animals were
mechanism by which MDMA-induces _his serotoner- killed by decapitation and the striatum was removed.
gic toxicity remains unknown. Several studies have sug- Similarly, in the second series of experiments, 18 animals were
gested a direct role for 5-HT (e.g. Berger et al. 19921 randomly allocated into three groups treated with saline, MDMA
and for DA (e.g. Stone et al. 1988: Nash 1990: Schmidt (40 m_kg, SCl, the selective MAO-B inhibitor MDL-72974

et al. 19911.However,we have recently shown that the (1.25 mg/kg, IP) (Zreika et al. 19871,or a combination of MDL-
72974 3(1min before MDMA. Seven days after treatment the ani-

5-HT precursors tryptophan and 5-hydroxytryptophan mals were killed by decapitation and the striatum was removed.
afford protection against MDMA-induced neurotoxic-

5-HT uptake site determination

J. E. Sprague An estimate of serotonergic neuron loss in the striatum was made
Department of Pharmacology and Toxicology, School of using the [3H]paroxetine binding method to label 5-HT uptake sites
Pharmacyand Pharmacal Sciences, Purdue University, (Marcusson et al. 19881. Battaglia et al. (19871have shown that
WestLafayette, IN 47907, USA only the B......and not the Kd values are altered after MDMA
D.E.Nichols(_) treatment.Therefore,it ispossibleto estimatethenumberof5-HT
l_epartment of Medicin.al Chemistry and. Pharmacognosy, uptake sites with a single saturating (1 nM) concentration of

'School of Pharmacy and Pharmacal Sciences, Purdue University, ISH]paroxetine. NonspecifiC:binding was determined wifl_ I pmWeslLafayette,IN 47907,USA fiuoxetine.
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5-HT and 5-HIAAdetermination RIHiiI_

The striatum was sonicated for 15 s in 50 [alof a solution contain-
ing0.1 MHCIO4,0.05"/,,Na:EDTA,and 0.1% Na2S2Os. The sam- MDMA produced a significant decrease in the num-
ples werethen centifugedat 14000g for 4min. The supernatant ber of 5-HT uptake sites in the striatum and in 5-HT
was collectedand 50pi was injected onto the HPLC column and 5-HIAA levels (Fig. 1) in both studies, t-Deprenyl
(BrownleeC18,Anspec,Ann Arbor, Mich).A model400 EG & G alone (Fig. lA) and MDL-72974 alone (Fig, lB) hadPrinceton electrochemical detector (Princeton, N.J.) with series dual
electrodes was utilized. The levels of 5-HT and 5-HIAA levels were no significant effects on these 5-HT neurotoxicity mark-

_°, determinedfrom standard curves using the Dynamax Method ers. L-Deprenyl and MDL-72974 both protected
Manager software(Rainin:Woburn,Mass). against the reduction in the number of 5-HT uptake

sites and 5-HT and 5-HIAA levels.

Statistics

Data were analyzedby ANOVAwitha Student Newman-Kuels [XlICU$111011I
post-hoctest. Significancewasset at P_<0.05

DAhasclearlybeenimplicatedasa possiblecandidatein the neurotoxicityof MDMA.Nashand Nichols

__ (1991)haveshownthat theacuteincreaseinextracel-EEl5-HTUPTAKESITES lular DA following a single dose of MDMA (20 mg/kg)
A 15-HT was negatively correlated with 5-HT and 5-HIAA lev-

[i 150- t_zm5-HIAA els 7 days later. We speculate that the excessive DA may

111 ll_ 111 thencompetewiththeloweredconcentrationof5-HT

.a for the 5-HT uptake carrier, Evidence for the 5-HT

er w0- b uptake protein recognizing DA as a substrate comes
z a a fromdatabyFarajet al. (1994)showingthat the5-HT

__: oO b transporter is not specific for 5-HT, but has relatively
__, _ s0- b_ high affinity for DA. In fact, [3H]DA uptake into

._ .1. human lymphocytes was 300-5000 times more potently

inhibitedby5-HTuptakeblockersthanbyDAnor-_mll__ (_ SALINE L-OEP MDMA MDMA epinephrine uptake inhibitors. Fluoxetine, a 5-HT

_=,_ + uptakeblocker,hasalsobeenshowntoblockthetox-

_.._ I_ L-OEP icity of MDMA for up to 6 h after treatment (Schmidtand Taylor 1990).

__, B TheattenuationofMMA-inducedserotonergicneu-150. rotoxicitybyboth L-deprenyland MDL-72974strongly
_"_ suggeststhatdeaminationofDAbyMAO-Bmaybe.a

o b an tmportant component of the neurotoxic process.

ii1nil111a a Because Westlund et al. (1985) have shown that sero-

tonergic terminals immunocytochemically selectively
o stained for MAO-B, and not MAO-A, it seems possi-
u.. 5o/o ble that excessive deamination of DA n'ithin the sero-

tonergicterminalcouldresultin elevatedintracellular
levels of hydrozen peroxide. If the reductive capacity

0 SALINE MOL MDMA MDMA of the neuron was overwhelmed, extensive lipid perox-
+ idation in the 5-HT terminal membrane could account

MOL for the selective neuronal degeneration.
t

Fig. I A Effectsof MDMA (40mg/kg)and [-deprenyl(2mg/kg) AcknowledgementThis study was supported b_ USPHS Grant
on serotonergicmarkersin the striatum7 daysafter treatment.5- DA04758from the NationalInstituteon drug Abuse.HT, 5-HIAA,and thedensityof 5-HTuptake sites([3Hparoxetine
B,,,,,)for the striatumare reportedas a percentof controlvalues.
Saline control values were: 5-HT 2157 + 109, 5-HIAA 1308 +
53pg/mgwt; uptake sites 31.5_+l.5fmol/g. Each value is the
mean+ SEMfor sixanimals._lndicatessignificantlydifferentfrom References
saline; bindicates significantly different from all other groups. B
EffectsofMDMA(40mg/kg)andMDL-72974(l.25mg/kg)onsero- Banaglia GS, Yeh SY. O'Hearn E, MolliverMC, Kuhar MJ,
tonergic markers in the striatum 7 days after treatment. Saline con- DeSouza EB (1987) 3,4-methylenedioxymethamphetamine and
trol values in this experiment were: 5-HT 1719+ 97. 5-HIAA 3.4-methylenedioxyamphetamine destroy serotonin terminals in
2561+ 156pg/mg;uptakesites24.8+ 2.3 fmol/g.Eachvalueis thc rat brain:quantificationof neurodegenerationby measurement
mean + SEM for six animals. _lndicates.significantly different l¥om of [!H]-paroxetine-labeled serotonin uptake sites. J Pharmacol
Saline:bin;:ticatessignificantlydifferentfrom MDMAalone ExpTher 242:911 916
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