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1987.--Eleven mice were trained to respond under an FR 20 schedule of reinforcement and, after learning the schedule,
were administered doses of saline and the following phenylisopropylamines: (-)-MDMA. S(+)-MDMA, R(-)-MDMA and

(+)-amphetamine. Each of the phenylisopropylamines decreased rates of operant responding in a dose-dependent manner.
S(+)-MDMA (ED50=3.1 rog/kg) was nearly equipotent with racemic MDMA and four times more potent than
R(-)-MDMA (ED50=4.1 and I 1.6 rog/kg, respectively), but less potent than (+)-amphetamine (ED50=0.74 rog/kg). The
present study constitutes the first enantiomeric behavioral-potency comparison for the optical isomers of MDMA.

Schedule-controlled responding N- Methyl- l-(3,4-methyienedioxyphenyl)-2-aminopropane MDMA
S(+)-MDMA R(-)-MDMA

N - METHYL - I - (3.4- methylenedioxyphenyl)- 2- amino- METHOD
propane (i.e.. methylenedioxymethamphetamine. MDMA.
XTC. "Ecstacy")has recently attracted wide-spread atten- Twelve mate ICR mice (30-35 g_. housed in standard
tion because of its potential therapeutic utility in psychiatric animal facilities with a 12-hr light/dark cycle, were main-
disorders and because of its abuse potential [7]. MDMA is an rained at constant weight by restricting their diet. The
optically active substance, yet, little is known concerning the animals were trained to respond under an FR 20 schedule of
relative potency of each of the two possible optical isomers, reinforcement in a single-lever operant procedure. The appa-
In humans, racemic MDMA produces its central effects at ratus has already been described in detail [5]. After learning
total doses of 75-160 rog; whereas the S(+)-isomer is active the schedule of reinforcement, the mice were challenged on 5

at 50-80 mg, no acceptable value has yet been obtained for consecutive days with saline vehicle to establish baseline

the R(-)-isomer (although it was speculated, on the basis of responding. Subsequently, animals received daily injections
preliminary data, to be in the vicinity of 300 rog) [1]. S(+)- of saline except on test days (Tuesdays and Fridays); on
MDMA is approximately three times more potent than its these days, the animals would be administered one of the test

i R(-)-enantiomer in producing hyperthermia in rabbits [1]; drugs. Doses ofracemic and S(+)-MDMA were evaluated in

however, neither isomer produces DOM-like stimulus ef- all 11animals (one animal died shortly after the study began);

fects in animals trained to discriminate 1-(2,5-dimethoxy-4- doses of R(-)-MDMA and S(+)-amphetamine were eval-
methylphenyl)-2-aminopropane (DOM) from saline [2,3], and uated in groups of 5 to 6 mice. Results are expressed as
R(-)-MDMA is three to four times more potent than S(+)- percent of vehicle response rates; vehicle response rate from
MDMA in binding to central serotonin and dopamine binding the day prior to the test session served as control. The order
sites (although neither isomer displays a significant affinity for of drug administration was as follows: (a) racemic MDMA,

these sites) [6]. To date. there is no information available on the (b) S(+)-MDMA, (c) R(-)-MDMA and (+)-amphetamine
relative behavioral potencies of these optical isomers. We re- (i.e., approximately half of the animals received one drug

and andhalfreceivedtheother);doseswereadministeredin aport here the effect of racemic MDMA. S(+)-MDMA

R(-)-MDMA on schedule-controlled responding in mice as random sequence. Solutions of all drugs were made fresh

subjects, dailyin0.9%sterilesaline,and allinjectionswere madeby



f

426 GLENNON ET AL.

A B

o-- {40

80

60 _ s (+)MDMA

40

LO
o 2o

_o_ 0 i i _ [ i i (
02 t; 30 80 _0 30 I0.0 20.0

DOSE (mcJ/kg) DOSE (rnq/kg)

FIG. 1. Effect of various doses of S(+)-amphetamine and racemic MDMA (left
panel), and S(+)-MDMA and R(-)-MDMA (fight panel), on operant responding with
mice as subjects. Percent baseline responding refers to the number of responses made
(after drug administration) during a 15-min test session as a percent of the number of
responses made after administration of saline in the same animals (n = 5-11 animals at
each dose).

the intraperitoneal route 15 min prior to a 15-min test ses- With MDMA, as with the phenylisopropylamine am-
sion. phetamine, but in contrast to hallucinogenicphenyliso-

Racemic MDMA and its isomers were prepared by acyla- propylamines (e.g., DOM) 121. the S(*)-isomer is several
tion of 1-(3,4-methylenedioxyphenyl)-2-aminopropane, or its times more potent than its R(-) enantiomer. This order of
appropriate optical isomer, with ethyl chloroformate roi- potency agrees quantitatively and/or qualitatively with that
lowed by reduction with lithium aluminum hydride and reported for the isomers of MDMA in the above-mentioned
treatment of an ethereal solution of the product with HCI rabbit hyperthermia and human studies, and the 4-fold
gas. The HCI salts were recrystallized from isopropanol; difference in potency of S(+)-amphetamine relative to '
melting points (degrees C) and optical rotations (10% aque- racemic MDMA is the same as that obtained in tests of dis-
pus solutions at 24°C, where applicable) are as follows: criminative control of behavior using rats trained to dis-
racemic MDMA 151-152°; S(+)-MDMA 184---185°, + 13.8°; criminate S(+)-amphetamine from saline. Furthermore, in a

R(-)-MDMA 183-184 °, -13.5 °. Melting points are in agree- separate study, we have recently trained a group of rats to
ment with those reported by Anderson et al. [11. S(+)- discriminate 1.0 rog/kg of racemic MDMA from sltlinc: here
Amphetamine was used as the sulfate salt (Sigma). too, the enantiomeric potency ratio for stimulus generaliza-

tion is 4 (i.e., ED50 values for S(+)- and R(-I-MDMA are
0.23 and 1.0 mg/kg, respectivelyl ([41, :md Glennon. unpub-

RESULTSANDDISCUSSION lished data). Thus, disruption of schedule-controlled re-
Racemic MDMA, S(+)-MDMA, R(-)-MDMA, and sponding of mice might be a useful and convenient method

S(+)-amphetamine (included for comparative purposes) de- for the investigation of relative potencies of optical isomers ,
creased rates of operant responding in a dose-related manner within a given chemical/pharmacological class pt' agents.
(Fig. 1). S(+)-MDMA was slightly more potent than racemic
MDMAand nearlyfour times more potent than R(-)-
MDMA; ED50 values (followed by 95% confidence limits)
are: 3.1 (2.4--4.0), 4.1 (2.8-6.0), and 11.6 (5.3-25.3) rog/kg for
S(+)-MDMA, racemic MDMA, and R(-)-MDMA, respec- ACKNOWLEDGEMENT
tively. S(+)-Amphetamine was more potent [ED50=0.74
(0.44-1.24) rog/kg] than MDMA or either of its isomers. This work was supported in part by PHS grant DA-01642.
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