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STEELE, T D, W K BREWSTER, M P JOHNSON, D E NICHOLS AND G K W YIM Assessment of the role of
o-methyleptnine in the neurotoxicity of MDMA PHARMACOL BIOCHEM BEHAV 38(2) 345-351 1991 —To assess the poten-
tial involvement of metabolism of 3,4-methylenedioxymethamphetamine (MDMA) to the catechol a-methylepinine in producing se-
rotonergic neurotoxicity, we attempted to correlate aspects of this reaction with the neurotoxicity profile of MDMA. In contrast to
the stereoselectivity of S-(+)-MDMA 1n causing persistent declines 1n rat brain 5-hydroxyindole levels, no stereochemical compo-
nent to the metabolic reaction was apparent Rat liver mucrosomes generated a significantly greater amount of o-methylepinine than
did mouse microsomes, but similar amounts of metabolite were produced by brain microsomes from the two species Formation of
a-methylepinine by hepatic, but not brain, microsomes was inhibited by SKF 525A and induced by phenobarbital, possibly indicat-
ng a tissue specificity 1n cytochrome P-450-dependent metabolism of MDMA  To directly assess whether a-methylepinine 1s a likely
mediator of MDMA neurotoxicity, the compound was admunistered intracerebroventricularly No persistent declines i biogenic
amines or their metabolites were observed one week following treatment These data suggest that a-methylepinine alone 1s not re-
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sponsible for the neurotoxic effects of MDMA

MDMA a-Methylepinine Neurotoxicity

Metabolism

Catecholamines

EVIDENCE documenting the persistent alterations of various
neurochemical parameters by 3,4-methylenedioxymethamphet-
amine (MDMA) in several mammalian species has recently accu-
mulated. The long-lasting declines in brain levels of 5-
hydroxytryptamine (5-HT) and 1its acidic metabolite 5-
hydroxyindole-3-acetic acid (5-HIAA) (2, 8, 30, 33), tryptophan
hydroxylase activity (33,41), and 5-HT uptake sites (1,30), as
well as histological (8) and immunocytochemical changes (24),
suggest that high doses of MDMA produce neurodegeneration.
Similar alterations are produced by other amphetamine deriva-
tives such as p-chloroamphetamine (PCA) and methamphetamine
(METH). MDMA more closely resembles PCA in that serotoner-
gic markers are specifically affected (12, 15, 29), whereas METH
alters both serotonergic and dopaminergic parameters (27). De-
spite extensive investigation, the mechanism by which various
substituted derivatives of amphetamine produce neurotoxicity has
not been clearly elucidated.

The effectiveness of specific inhibitors of 5-HT uptake in pre-
venting drug-induced release of neurotransmutter (32) and persis-
tent neurochemical changes (30) implies that an interaction of

MDMA with an active transport mechanism for 5-HT 1s an essen-
tial requirement for these effects. Subsequent events in the neu-
rotoxic pathway are less clearly defined Endogenous formation
of the neurotoxins 6-hydroxydopamine (6-OHDA) from dopamine
(DA) (35) and 5,6-dihydroxytryptamine (5,6-DHT) from 5-HT
(7) has been suggested as a mechanism by which related amphet-
amine analogs METH and PCA produce neurotoxicity. Protection
against METH-induced deficits in dopamunergic (28) and seroto-
nergic (31) parameters by the tyrostne hydroxylase inhibitor a-
methyl-p-tyrosine is consistent with a role for endogenous DA n
the neurotoxicity of METH. However, depletion of endogenous
stores of 5-HT with p-chlorophenylalanine does not prevent the
persistent neurotoxic effects of PCA (12). Like METH, MDMA
releases DA 1 vitro (18,32) and induces a transient release of DA
in vivo (43). These findings have led to speculation that DA,
which itself 1s cytotoxic (13), may mediate MDMA neurotoxic-
ity. Indeed, depletion of central DA stores partially protects against
MDMA-induced deficits of central serotonergic parameters (42).

Alternative speculations on the mechanism of MDMA -induced
neurotoxicity have focused on the role of drug metabolism. Sup-
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port for the notion that a metabolite of MDMA may mediate neu-
rotoxicity has stemmed from studies in wiuch 5-HT uptake inhibitors
blocked persistent serotonergic deficits produced by MDMA if
given up to six hours following MDMA treatment (30). If bramn
levels of MDMA decline rapidly following peripheral treatment,
as has been reported to occur with the primary amine, 3.4-meth-
ylenedioxyamphetamine (MDA) (22), some other compound mught
be responsible for the neurochemical changes that are produced
long after imitial drug admimstration. Furthermore, 1t has been
reported that a bolus dose of MDMA administered centrally does
not produce long-term changes in serotonergic markers, which
suggests that a penipheral metabolite may be responsible for these
alterations (34)

The propensity of catechols such as DA and o-methyl-DOPA
to oxidize to reactive quinones and free radicals may account for
their cytotoxic effects (10,13). This property of catechols 1s of
interest with regard to MDMA because demethylenation of meth-
ylenedioxy-substituted aromatic amines, which results in the gen-
eration of a catechol, is mediated by a classical cytochrome P-450
metabohic pathway (6,16). Thus a hypothetical scheme for the
neurodegenerative effects of MDMA 1s metabolism to a-meth-
ylepimine which 1s then oxidized to reactive quinoidal species,
with coincident generation of toxic free radicals. To assess whether
this metabolic route is critically nvolved in MDMA neurotoxic-
ity, we have attempted to correlate charactenistics of this conver-
sion with certan aspects of the neurotoxic profile of MDMA.
Since persistent declines in brain 5-HT are stereoselective for the
S-(+ )-enantiomer (30), we anticipated that similar stereoselectiv-
ity mught be observed n the metabolic reaction if a-methylepi-
nine were involved in the neurotoxic pathway. Since mice are
less susceptible to MDMA neurotoxicity (19, 37, 40). we as-
sessed whether differences 1 metabolism between rats and mice
mght contnbute to differences in species sensuivity We also
sought to determune if the 1n vitro conversion of MDMA to a-
methylepinine by brain and hepatic microsomes occurred 1n sim-
ilar cytochrome P-450-dependent manners, as classical modulators
of drug metabolism had not helped to elucidate the role of me-
tabolism 1n MDMA neurotoxicity (unpublished observations). Fi-
nally. to directly test the neurotoxic potential of the metabolic
pathway, the effects of a-methylepimne on rat bran biogenic
amines and metabolites following intracerebroventricular admin-
1stration was assessed.

METHOD
Animals and Housing

Male Sprague-Dawley rats and male Swiss-Webster mice were
obtained from Harlan Industries (Indianapolis, IN). Animals used
in the drug metabolism experiments were group housed. Rats used
in the intracerebroventricular cannulation studies were housed n
individual stainless steel cages (25 X 21 X 20 cm) with a wire mesh
floor. Food and water were available ad lib Room temperature
was maintained at 22-24°C and lighting was controlled on a 12/
12-h cycle (ight onset at 0700).

Drugs and Chemicals

Previously described methods were employed for the synthe-
s1s of the stereoisomers of MDMA (23) and racemic MDMA (5).
a-Methylepimine hydrobromide was prepared by chemical cleav-
age of the methylenedioxy ring of MDMA with BBr, (Fig. 1.
Purity of these compounds was venfied by elemental analysis,
and standard chromatographic and spectroscopic methods. Phe-
nobarbital sodium was from J. T. Baker, SKF 525A (2-diethyl-
aminoethyl-2,2-diphenylvalerate hydrochlorde) was from Smith.

STEELE ET AL.

<O ) NHCH, <OU>’/NHCH1
“CH, “H
H 3 H
e} e} CHs

R-(-}-MDMA S-(+)-MDMA

HO CHjy

a-METHYLEPININE

FIG 1 Chemical structures of the stereoisomers of MDMA and of
o-methylepimne

Kline and French Labs, and HPLC standards, B-nicotinaminde
adenine dinucleotide phosphate monosodium salt (B-NADP), glu-
cose-6-phosphate disodium salt, and glucose-6-phosphate dehy-
drogenase (Type XII from Torula yeast) were from Sigma Chem-
ical Co.

In Vitro Metabolism Experiments

The in vitro demethylenation of MDMA to a-methylepinine
was studied using liver and brain microsome preparations. For
preparation of microsomes, rats (200-250 g) were sacrificed by
decapitation and mice (25-30 g) by cervical dislocation, and brains
and livers were removed and placed on 1ce. A 2.0 g portion of
liver was homogenized 1n 6 volumes of 100 mM HEPES (pH 7.4)
contarning 1.15% KCl Brans were handled similarly with the
exception that the homogemzing solution also contained 0.32 M
sucrose. Homogenates were centrifuged at 9000 X g for 20 mun at
4°C The resulting supernatants were centrifuged at 105,000 X g
for 60 mun at 4° Liver microsomal pellets were resuspended in
10 volumes and brain pellets in 3 volumes of 0.12 M phosphate
buffer (pH 7.4). The protein concentration of the microsome
preparations was approximately 1.0 mg/ml as determined by the
method of Bradford using bovine serum albumun as the stan-
dard (3).

For liver microsome metabolism experiments, a 0.5 ml aliquot
of the microsome preparation was premcubated for five minutes
with 0.45 ml of a prepared solution of an NADPH generating
system [final concentrations of components' 0.25 mM B-nicotin-
amide adenme dinucleotide phosphate (B-NADP), 3.0 mM glu-
cose-6-phosphate, 1.2 units glucose-6-phosphate dehydrogenase,
and 1.2 mM MgCl, n 0.12 M phosphate buffer, pH 7.4]. To
blanks, 0.45 ml of phosphate buffer was added instead of the
generating system. For brain microsome samples, the volumes of
all components were reduced by one-half. The reaction was intr-
ated by addition of MDMA (final concentration of 5 mM 1n 0.12
M phosphate buffer), and proceeded for the designated period of
time. The reaction was terminated by placing the samples on ice
and quenching with 1ce-cold | N perchioric acid. The samples
were centrifuged at 3000 rpm for 15 min in a table-top centrifuge
at 4-8°C to remove precipitated protein. The resulting clear su-
pernatant was transferred to a glass vial and frozen at —70°C
until time of assay

The effects of mhibition of cytochrome P-450-mediated me-
tabolism were assessed by inclusion of SKF 525A in reaction
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muixtures incubated with the stereoisomers of MDMA. The effect
of induction of P-450 metabolism was assessed by treating rats
for four days with 75 mg/kg phenobarbital per day and sacrific-
ing the animals 24 h following the last phenobarbital dose. Incu-
bation times of 10 min with liver microsomes and 5 min with
brain microsomes were used. The times were selected as maximal
points on the linear portion of the reaction time curve.

Intracerebroventricular Administration of a-Methylepinine

For the intracerebroventricular administration of a-methylepi-
nme, male Sprague-Dawley rats weighing 250-300 g were 1m-
planted with a unilateral stainless steel cannula (length =15 mm;
outside diameter =0.028") n the night side of the brain. The sur-
gery was conducted under ketamine (90 mg/kg)/xylazine (10 mg/
kg) anesthesia. A sagittal incision through the skin was made and
the skull exposed The animal was placed in a stereotaxic appa-
ratus to set the coordinates which were AP- —0.5 mm, L 1.75
mm with reference to bregma, and H. 2.8 mm below dura (25)
A small hole was drilled with a dental dnll to the dura. Two ad-
ditional holes were drilled for the placement of anchor screws.
The cannula was set in place with dental acrylic, plugged with a
small wire, and the wound was closed with wound clips. The an-
imals were allowed a recovery period of 4-7 days prior to testing
for cannula placement and patency The wound was sprayed daily
with furazolidone (Topazone) to prevent bacterial infection. To
test for cannula placement and patency. the rats were adminis-
tered 10 ug of /-norepinephrine bitartrate and their one-hour food
intake was measured Only rats eating greater than 1 g of chow
were used.

Animals were randomly assigned to one of three treatment
groups which recerved either 0, 300. or 600 pg of a-methylepi-
mne prepared 1n saline to deliver 1n a volume of 10 pl. The drugs
were admunistered through a second cannula that fit tnside the
implanted cannula (o d.=.016") and set to protrude 0.5 mm be-
low the tip of the implanted cannula. The delivery cannula was
connected via polyethylene tubing to a Hamilton syringe with
which the compound was infused over a 20-30-s time period.
Amimals were sacnficed by decapitation one week following treat-
ment with a-methylepinine, brains were removed and dissected,
wrapped 1n parafilm and foil, and frozen at —70° until the time
of assay.

HPLC-EC Analysis of Biogenic Amines and Metabolites and
Drug Metabolites

Preparation of brain tissue and subsequent analysis by high
performance liquid chromatography with electrochemical detec-
tion (HPLC-EC) were essentially as described previously (37).
The mobile phase consisted of 75% 0.05 M NaH,PO,/0.03 M
citric acid/1.53 mM octyl sodium sulfate/0.] mM EDTA (pH
2.75) and 25% methanol. The flow rate was 1.0 ml/min. The ap-
plied potential to the glassy carbon electrode was 800 mV. Data
are reported as ng/mg tissue.

The amount of a-methylepinine in the in vitro metabolism
samples was also quantitated by HPLC-EC. Preliminary experi-
ments were conducted to identify a-methylepinine in the microsomal
incubation extracts on the basis of the compound’s chromato-
graphic and electrochemical properties. This was accomplished
by constructing hydrodynamic voltammograms (HDV) for authen-
tic a-methylepinine and the coeluting chromatographic peak 1n
the microsomal extracts (see the Results section). Sample aliquots
of 40-50 pl were loaded into the HPLC-EC analyzer. The actual
injection volume was produced using a 20 pl injection loop The
mobile phase for the analysis was 92% 0.075 M NaH,PQ,/0 1
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FIG. 2 Hydrodynamic voltammograms of a-methylepinine and hiver mi-
crosomal metabolite of MDMA Aliquots of liver microsome incubation
extract and authentic a-methylepinine were mjected into the chromato-
graph and the current response momtored at apphed potentials ranging
from 200-1000 mV 1n 100 mV steps The data were normalized to the
maximal response obtained at 1000 mV Each point represents the mean
of two determinations

mM EDTA (pH 2 5) and 8% acetonitrile The flow rate was 1 6
ml/min and the applied potential was 800 mV. Peak heights were
measured to the nearest millimeter, and the amount of «-methyl-
epinine in the 20 ul injection sample was determined by interpo-
lation from a standard curve. For sample quantitation, the final
sample volumes were considered to be 1 2 ml for liver microsome
samples, and 0.6 ml for brain microsome samples. The amount
i the final sample volume 1s expressed as ng o-methylepinine/
mg protein.

Sratistical Analysis

For time course analysis of the conversion of MDMA to a-
methylepinine, the line of best fit was determined by the least
squares method and slopes of the regression lines compared. Dif-
ferences among treatment groups and between species in the 1n
vitro metabolism studies and among dosages in the intracerebro-
ventricular study were compared with a one-way analysis of van-
ance. The data obtatned at the 10-min time point for the liver
microsome studies, and the 5-mun time point for the brain mi-
crosome experiments were used for these comparisons. Signifi-
cant differences among group means were analyzed at the 0.05
probability level with a post hoc Newman-Keuls range test.

RESULTS

In all HPLC-EC analyses of extracts from microsomal incuba-
tions with MDMA a single electroactive predominant peak was
detected. This peak consistently coeluted with authentic a-meth-
ylepinine under a variety of chromatographic conditions. To ob-
tain a more nigorous tdentification of the metabolite, hydrodynamic
voltammograms were constructed by determining the electrochem-
ical response to 20 i 1njections of standard a-methylepinine and
microsomal extracts at electrode potentials ranging from + 200 to
+1000 mV. As shown in Fig 2, the voltammograms for the
standard and metabolite are virtually 1dentical, suggesting that the
coeluting peaks represent the same compound (14).

As our 1nitial approach to study the role of a-methylepinine in
MDMA neurotoxicity, we sought to correlate aspects of the drug’s
metabolism to o-methylepmnine with its neurotoxic profile. To
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FIG 3 Time course of the formation of a-methylepinine from the ste-
reoisomers of MDMA by rat (top panel) and mouse {bottom panel) he-
patic mucrosomes Hepatic microsomes were incubated with 5 mM S-
(+)-MDMA (open circles) or R-(—)-MDMA (closed circles) Shown are
the means =S E M of seven (rat) or three (mouse) independent trials ex-
pressed 1n ng/mg protein The lie of best fit was determined by regres-
sion analysis Slopes were not sigmficantly different (p>0 05)

assess the stereochemustry of the conversion, we compared the
rates of formation of a-methylepinine from the two stereoisomers
of MDMA. During the course of a 10-min incubation of rat he-
patic microsomes with MDMA under the conditions imposed, the
appearance of the metabolite from either stereoisomer occurred 1n
a hinear manner [Fig. 3a, correlation coefficients. S-(+)=.98,
R-(—)=.98]. The regression line slopes for the stereoisomers
were not significantly different, suggesting a similar rate of for-
mation. The amounts of metabolite formed from the two stereo-
isomers after 10 minutes were also not significantly different
(Fig. 4a).

As we have recently reported that Swiss-Webster mice are 1n-
sensitive to MDMA neurotoxicity (37), we sought to determine 1f
mucrosomes from this strain of mice did not form the metabolite,
which would be consistent with a role of the metabolite in medi-
ating neurotoxicity in rats. Incubation of mouse hepatic microsomes
with either stereoisomer of MDMA resulted 1n a-methylepinine
appearing as the primary electroactive metabolite, which was
formed linearly with time [Fig. 3b; correlation coefficient: S-(+)
= .98, R-(—)=.94]. As with rat hepatic microsomes, no sigmf-
1cant stereochemical effect on a-methylepinine formation was ob-
served (Fig. 4a).

The amount of oa-methylepinine formed by rat hepatic
microsomes from either stereoisomer of MDMA was significantly
greater than that from the corresponding isomer by mouse hepatic
microsomes after a 10-min incubation period (Fig. 4a). However,
no significant differences in the amount of a-methylepinine formed
by brain microsomes from the two species were observed
(Fig. 4b)

STEELE ET AL.

TABLE 1

RAT BRAIN BIOGENIC AMINE AND METABOLITE LEVELS ONE WEEK
AFTER INTRACEREBROVENTRICULAR ADMINISTRATION OF
a-METHYLEPININE

Dose (pg) of a-Methylepinine

Region 0 300 600
Hypothalamus
5-HT 103 =011 122 =018 105 = 004
5-HIAA 039 =004 042 =009 039 = 006
NE 529 +048 577 = 081 546 = 034
DA 040 = 008 032 =006 03l =004
Cortex
5-HT 072 =008 068 =004 077 £ 009
S-HIAA 021 =002 024 =001 022 =002
NE 049 =005 051 =002 052 = 004
DA 039 =008 033 =009 043 = 008
DOPAC 0017 =0003 00150006 0016 = 0012
HVA 0026 = 0003 0021 =0002 0027 = 0003
Hippocampus
5-HT 0.62 =005 068 = 004 051 =002
5-HIAA 038 =003 049 =002 051 = 004*
NE 076 = 009 074 =006 066 * 003
Striatum
5-HT 105 014 104 =008 100 = 006
5-HIAA 070 =006 062 =004 074 * 006
NE 036 =006 024 =003 028 = 002
DA 1145 =092 916 =063 939 =115
DOPAC 056 =003 039 =004 056 = 007
HvVA 046 =002 037 =004 043 = 004

Shown are the means = S E M expressed 1in ng/mg tissue of five rats
per group

*Significantly different (p<<O 05) from saline-treated controls by one-
way ANOVA with a post hoc Newman-Keuls test

Preliminary data 1n our lab had suggested that classical mod-
ulators of cytochrome P-450 metabolism did not alter the neuro-
toxicity of MDMA 1n the expected manner (1.e., SKF 525A did
not mhibit and phenobarbital did not potentiate neurotoxicity)
These results could be due to a tissue difference in cytochrome
P-450 activity. A difference between central and peripheral P-450
pathways could be significant because of the likely inability of
polar hepatic metabolites to cross the blood-brain barrier. To test
this possibility, we determined the effect of phenobarbital and
SKF 525A on rat hver and brain microsomal formation of a-meth-
ylepinine. Hepatic microsomes prepared from phenobarbital-
treated rats formed more than twice as much a-methylepinine
from either stereoisomer of MDMA compared to untreated mi-
crosomes, after a 10-min incubation period (p<0.001; Fig 5a)
Incubation of rat hepatic microsomes with SKF 525A significantly
reduced the formation of a-methylepinine from S-(+)- and R-
(—)-MDMA by 66% and 61%, respectively (p<<0.001; Fig. Sa).
By contrast, brain microsome preparations do not appear to be
similarly affected by these treatments, as no significant differ-
ences were observed between control and drug-treated rat brain
microsomes with regard to their capacity to form oa-methylepinine
from either stereoisomer of MDMA (Fig 5b). These results sug-
gest a difference 1n the responsiveness of the rat hepatic and brain
microsomal systems to these classic metabolic tools.

To directly determine 1f a-methylepinine produces signs of
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FIG 4 Companson of the formation of a-methylepinine by liver and
brain microsomes from rat and mouse Liver (top panel) and bramn (bot-
tom panel) microsomes were ncubated for 10 and 5 min, respectively,
with either 5 mM S-(+ )-MDMA (filled bars) or R-(—)-MDMA (cross-
hatched bars) Shown are the means+S E M of three independent tnals
expressed 1n ng/mg protemn/incubation ume *Amount formed from either
stereoisomer In mouse hepatic microsomes 1s significantly different
(p<0 05) from that formed from the same stereoisomer in rat hepatic mi-
crosomes

neurotoxicity similar to those of MDMA, the compound was ad-
munistered centrally to rats. Doses of 300 and 600 wg of a-meth-
ylepinine were 1njected through unilateral intracerebroventricular
cannulae. In approximately two-thirds of the animal that received
the metabolite, overt behavioral responses similar to the **seroto-
min syndrome™" (forepaw treading, splayed hindlimbs, and back-
ward movement) (17) were observed Two of the animals
experienced convulsions All amimals appeared normal 12 hours
after drug admimstration The rats were sacrificed one week af-
ter treatment for analysis of brain biogenic amines and metabo-
lites. As shown in Table 1, the only significant effect observed
in amimals receiving the a-methylepinine was an elevation of 5-
HIAA 1n the hippocampus. The levels of biogenic amines and
metabolites in the other brain regions did not significantly differ
among treatment groups. These data are not consistent with the
hypothesis that a-methylepinmne is the mediator of the persistent
neurotoxic effects of MDMA.

DISCUSSION

Because naturally occurring and synthetic methylenedioxyphe-
nyl (MDP) compounds display biphasic effects of inhibition fol-
lowed by induction of cytochrome P-450 and monooxygenase
acuvity (26), determining the role of metabolism 1n the neurotox-
wcity of MDMA requires a multifaceted approach The metabo-
lism of MDMA 1s further complicated because a major metabolite,
MDA, does not form Type III difference spectra which 1s reflec-
tive of the formation of an inhibitory carbene-Fe(III) complex
with cytochrome P-450 (4). Because of the known cytotoxicity of
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FIG. 5 Effect of phenobarbital and SKF 525A on the formation of a-
methylepmine by rat hepatic and brain microsomes Liver (upper panel)
and brain (lower panel) microsomes were prepared from control (CON)
or phenobarbital-treated (PB) rats The effect of | mM SKF 525A (SKF)
was assessed by including 1t mn the reaction mixture The microsomes
were incubated for the indicated time with either 5 mM S-(+)-MDMA
(filled bars) or R-(—)-MDMA (cross-hatched bars) Shown are the
means +S E M of four independent trials expressed as ng/mg protein/in-
cubation time *Significantly different (p<<O 05) from control microsomes

catechols such as DA (13,21) and a-methyl-DOPA (10), we sus-
pected that a-methylepinine, the catechol metabolite of MDMA
generated by demethylenation of the methylenedioxy ring, might
be neurotoxic. However, the results of both the studies on the
stereochemistry and species varation of this metabolic route and
the intracerebroventricular study strongly suggest that o-methyl-
epinine does not mediate MDMA neurotoxicity.

In contrast to the induction of persistent depletion of brain 5-
HT which 1s stereospecific for S-(+)-MDMA (30), no significant
degree of stereoselective formation of a-methylepinine by rat he-
patic or brain microsomes was observed If neurotoxicity and other
neurochemical effects which have a stereochemical component
(18, 33, 36) are primanly mediated 1n vivo by S-(+)-a-methyl-
epinine, some stereoselectivity for its formation from MDMA
mght be expected, although 1t 1s possible that only S-( + )-a-meth-
ylepinine is taken up into the nerve termmal Since the studies
described here have focused on the appearance of a specific n
vitro metabolite, other metabolic mechanisms not detected by our
assay may confound our results. For tnstance, one stereoisomer
might be more rapidly converted to a-methylepimine but then
quickly converted to a second product. Although an extensive ki-
netic analysis was not conducted, the formation of metabolite from
the MDMA enantiomers appeared to occur at relatively similar
rates. In an 1n vivo study, a greater amount of S-(+)-MDA, the
N-demethylated metabolite of MDMA, was present in plasma 4
hours following treatment of rats with racemic MDMA (11). Since
MDMA and MDA differ 1n their interactions with cytochrome P-
450 (4), preferential formation of MDA from one stereoisomer
may alter the conversion of MDMA to o-methylepinine. As we
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did not detect any a-methyldopamine, the catechol metabolite of
MDA (22), 1n microsomal extracts we assume our conditions were
favorable for studying the stereochemustry of a-methylepinine
formation without interference from MDA. Therefore, at least in
vitro there does not appear to be a stereochemical preference for
one enantiomer in this metabolic pathway.

Rat hepatic microsomes converted a greater amount of MDMA
to a-methylepinine than did mouse hepatic microsomes. A lower
rate of formation of the catechol by the mouse could contribute
to the lessened neurotoxic effects of MDMA in this species. On
the other hand, a greater rate of hepatic metabolism 1n vivo should
cause a more rapid elimination of the parent compound, as well
as a-methylepinine, and mught result in decreased neurotoxicity
in the rat, if either of the two compounds were involved. A more
rapid rate of drug metabolism 1n mice has been suggested as a
mechanism by which the vulnerability of this species to MDMA
(40) and PCA neurotoxicity (38) 1s diminished. Since there are
well established species differences in metabolism of amphet-
amine and its analogs (9), 1t is quite possible that other metabolic
pathways are responsible for the observed species vanations Our
findings that mouse liver microsomes do form the catechol, albeit
more slowly, and the lack of species differences 1n a-methylepi-
nie formation by brain microsomes argues strongly against this
metabolite contributing to the differences 1n species susceptibility
to MDMA neurotoxicity.

The metabolic probes phenobarbital and SKF 525A altered the
hepatic microsomal metabolism of the stereoisomers of MDMA
n the predicted manner (Fig. 5). However, the lack of effect of
these compounds on brain microsomal formation of a-methylepi-
nine suggests that in vivo treatment with phenobarbital would di-
minish and SKF 525A would increase the amount of unmetabolized
drug available to the brain, where 1ts rate of metabolism to the
catechol would be unaffected. This potential issue divergence, as
well as the complicated metabolic profiles of MDMA and MDA,
may represent sigmificant obstacles 1n defining the contribution of
cytochrome P-450-generated metabolites to MDMA neurotoxic-
ity. Indeed, we (unpublished observations) and others {(2) and
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see 1n (34)] have been unable to show that SKF 525A and phe-
nobarbital altered MDMA neurotoxicity 1n vivo in the anticipated
manner.

In the direct evaluation of the neurotoxicity of a-methylepi-
nine, the only significant neurochemical change present one week
following treatment was an elevation 1in hippocampal 5-HIAA
(Table 1). Although it 1s possible that insufficient doses were
used, the highest dose used represents approximately 15% of a 20
mg/kg systemic dose of MDMA which effectively decreases brain
5-HT parameters for one week (30,32).

Furthermore, in a pilot study, 400 pg of S-(+ )-a-methyldo-
pamine, the catechol metabolite of MDA, was admimistered ICV
and appeared to be without neurotoxic effect at one week. This
dose of S-(+ )-a-methyldopamine resulted 1n the appearance of a
large chromatographic peak that coeluted with a-methyldopamine
1n brain extracts of rats that were sacrificed three hours posttreat-
ment Thus it appears that the intraventricular treatment produced
far greater levels of metabolite 1n the brain than would be present
following systemic administration of the parent compound

Finally, the overt behavior observed in rats immediately fol-
lowing ICV a-methylepinine treatment was similar to the *'sero-
tonin syndrome’’ (1.e , forepaw treading, splayed hindlimbs,
walking backwards) and was not observed after administration of
the parent compound. Thus 1t seems likely that sufficient doses of
the metabolite were admunistered.

It 1s possible that other metabolites are involved in MDMA
neurotoxicity. The greater rate of N-demethylation of §-
(+)-MDMA to MDA (11) is consistent with that expected for a
metabolite which mediates MDMA neurotoxicity MDA 1s also
sufficiently hydrophobic to reach the CNS if formed penpherally,
and may also be more neurotoxic than MDMA (39) However,
the major metabolites of MDA, a-methyldopamine and 3-O-meth-
yldopamine. apparently do not produce signs of neurotoxicity
similar to the parent (20). Thus it seems unlikely that these po-
tentially reactive catechol products of drug metabolism are re-
sponsible for the neurodegenerative changes induced by MDMA
and MDA.
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