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:Jrowneil). (__.)3,4-Methylenedioxymethamphetamine (MDMA) is a popular recreational way rodents and primates metabotize
supportof drug that has been proposed to be useful as an adjunct to psychotherapy. This amphetamines =may alter the neurotox-
logy_boratoq study assessed the neurotoxic potential of MDMA in nonhuman primates, ic effects of these drugs. For these rea-
Y' _ Monkeys were repeatedly administered doses (2.50, 3.75, and 5.00 rog/kg) of sons, we thought it critical to assessthe

MDMA subcutaneously and analyzed for regional brain content of serotonin and neurotoxic activity of MDMA in nonhu-
5-hydroxyindoleacetic acid two weeks later. In all regions of the monkey brain man primates.

· ,_,-_stay q examined, MDMA produced a selective dose-related depletion of serotonin and METHODS_tion279. Wash
_9. ' 5-hydroxyindoleacetic acid. These neurochemical deficits were associated with Subjects
,]erWC,et -_ evidence of structural damage to serotonergic nerve fibers. In addition, MDMA Seventeen monkeys were used in this
easarl, skfac_ produced pathological changes in nerve cell bodies in the dorsal, but not1983;318:461 study. Eleven female squirrel monkeys

median, raphe nucleus. These results indicate that MDMA is a selective sero- (Saimiri sciureus) 6 to 8 years of age
_.,et -_ tonergic neurotoxin innonhuman primates and that humans using this drug may andweighing 0.6 to 0.7 kg were used for

· metabolicrats be at risk for incurring central serotonergic neuronal damage, neurochemical studies and for anatomic
rsonTE, et (JAMA1988;260:51-55)studies of the raphe nuclei. Three
expenditure female rhesus monkeys (Macaca mu-

; a latta) 1.5 to 4.0 years of age and weigh-8-1578.
RECREATIONAL abuse of controlled munication and enhances emotional lng 2.5 to 3.5 kg and two female and one

.nt food substance analogues ("designer drugs") awareness, male cynomolgus monkeys (Macaca
s9-1499, potentially poses a major health prob- In 1985, the Drug Enforcement fascicularis) weighing 2.0 to 4.5 kg

leto. _ (_+)3,4-Methylenedioxymetham- Agency placed MDMA on Schedule I of were used for immunohistochemical
bstmct_, phetamine (MDMA), variously known controlled substances, citing increasing studies. No differences in response to

on the street as "Ecstasy, .... Adam," or recreational use of this drug and MDMA were noted among the three
,wnellKD,et "XTC,'" is an analogue of the controlled expressing concern that MDMA might species.e rate
l_7;s4:44s, substance (+_)3,4-methylenedioxyam- cause neurological damage. _ This con-
_ore J: phetamine (MDA). Presently, MDMA cern arose largely because of evidence Drug Treatment
malysisofmeta_ is one of the more popular recreational that MDA (the N-desmethyl derivative The hydrochloride salt of MDMA was

Spo_ Exe_ drugs in the United States. s It has been of MDMA) destroys central serotoner- administered subcutaneously twice dui-
_enwoodMRC: estimated that 30 000 capsules of the gic nerve terminals in rats/ Recent ly at 0800 and 1700 hours for four con-
E_ect8ofturbo-_ drug are sold each month (R. K. Siegel, studies indicate that MDMA, like MDA, secutive days. This dosing regimen was
39e_4o2. PhD, unpublished data, 1985). It has is toxic to serotonergic nerve terminals used to permit comparison of the pre-
KralJG, et also been proposed that MDMA may be in the rodent brain.'_'_ However, find- sent results with those previously
at: Energy useful as an adjunct to insight-oriented ings in rats appear to have done little to obtained in rodents.'_'" For neurochemi-

psychotherapy. _'_ This suggestion is deter recreational use of MDMA. At cal studies, eight ofll squirrelmonkeys
based largely on subjective reports that least in part, this may be because were administered the following doses

activity MDMA improves interpersonal com- studies in rodents do not always ac- of MDMA according to the above-men-
_.ntation. Am curately predict drug toxicity in hu- tioned schedule of drug administration:

--:-_ mans. For example, 1-methyl-4-phenyl- 2.50 rog/kg (n = 2), 3.75 mg/kg (n--3),
'-romtheDepartmentsofNeurologyand Neurosci- 1,2,3,6-tetrahydropyridine (MPTP) is and 5.00 mg/kg (n=3). The three(eds):Nutr/t/om ence,TheJohns HopkinsUniversitySchool of Medi-

Alto, Calif, Bu_, cine, Baltimore(Drs Ricaurteand Molliver and Ms relatively inactive in rats_6''7but pro- remaining squirrel monkeys served as
Wilson);theDe0artmentofPathology,VeteransAdmin-roundly toxic in primates. '8'_9Con- untreated controls. For immunohisto-

·ownell ,atrationMealcaiCenter,PaleAlto, Ca[if(Dr Forno);and versely, 1,2,3,6-tetrahydro-l-methyl- chemical studies, three of six macaque
afety and futur_ theInstituteforMed ca Research,SanJose,Calif (Drs monkeys were given the high-dose (5.00Ricaurte,DeLanney,and Langstonand Mr Irwin). 4-(methylpyrrol-2-yl)pyridine, an an-
_, Sjostrom L, et . Reprint requests to the Departmentof Neurology, aJogue of MPTP, is very toxic in rog/kg)regimen of MDMA; the other
[isminmenand Hrancis ScottKeyMedicalCenter,TheJohnsHopkins rodents_ but inactive orally in pri- three untreated monkeys served asdiposetissue di_ ealthCenter,4940EasternAve BaltimoreMD 21224
150-1162. (DrRcaurte), mates. _' In addition, differences in the controls.
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Neurochemlstry Table1.--Doae-RelatedDecreaseinSerotonlnConcentrationintheSomatosensoryCortexoftheMonl_I
Two weeks after drug treatment, the TwoWeeksAfterAdministrationofMDMA* Jl

monkeys were killed under deep ether _ , s_on,a _g %o_
anesthesia. The brain was removed con_ 3 0.167=0.015 ... _from the skull, and the brainstem was MOM
dissected away and placed in 10%formol 2.so,w_ 2 o.o93=0.010t -44
saline for later anatomical study. The 3.7s,w_ 3 0.o37+o.013t -76'_
forebrain was dissected over ice, and s.oorng_o 3 o.o17=o,oo3, -9o-'*'

the various brain regions were isolated *MDMAIndicates(+)3,4-methyl®nedloxymsthamphetemlne.Valuesre0mee_themean-+SEM. -7!
for analysis of monoamine content, tP<.OS,determinedbyindividual¢omparlsonwithoontrolafterasingleone-waym o_variance_i
Concentrations of serotonin, 5-hy- v_uep<.os. _,
droxyindoleacetic acid, dopamine, and ]
norepinephrine were measured by re-
verse-phase high-performance liquid TaO_2.--RegionalConcentrationsofSerotonlnin theMonkey BrainTwoWeeksAfterAdministratton_
chromatography coupled with electro- MDMA(5mg/kg)*
chemical detection, using the method of
Kotake et al=with minor modification. _ smtonl, co,c_ ,4Yg 3

$k_ummlmlgxlt
Histology Cortex Cl_llte Putlmen Hlppoclmpu. Hypothlllm_ Tl'mbmtul

Control (N=3)
For routine histological studies of the 0.14-+0.0_ 0.2_-+o.m o.zs±0.02 0.13-+0.03 0.9o_+0.o6 0.73-+0.01

raphe nuclei, the brainstems of three HOUA(N=3)
monkeys that had received the 5-mg/kg o.o2=o.olt o.oz_*O.Olt o.o3=O.Olt o.o_-+O.Olt o.21-+O.Olt o.12±o.o_

regimen of MDMA two weeks pre- *MDMAIndlcates(±)3,4-methylenedloxymsthamphetamine.Valuesrepmsantthemesn*SEM. ?
viously were immersion-fixed in 10% I'P<.0S,two-tailedStudant_st test
formol saline for one week prior to par-
affin embedding and staining. Sections

were stained with hematoxylin-eosin, VaO_3.--DecraasedConcentrationof 5HIAAin the MonkeyBrainTwoWeeksAfterAdministrationo
Luxol fast blue (LFB)--_resyl violet, MOMA(Smg_g)*
LFB-periodic acid-Schiff (PAS), or
LFB-Bielschowsky. For inununohisto- SHOU_Co,_?,a_ _g/g
chemical studies of serotonergic nerve mmm_t , Nm_ortex C.u_te Hir-;<<_mpu. H,/p_m_am
fibers in the forebrain, three monkeys _ 3 0.250±0.010 0.232±0.005 0.245_+0.006 0.897-+-0.042

that had received the 5-mg/kg regimen MDMA 3 0.040+-0.0061' 0,056-+0.0021' 0.060_-0.0011' 0.543±0.084t
of MDMA two weeks previously and
three controls were administered the *SHIAAindicates5-hydroxylndoleacsticacid;andMDMA,(±)3,4-methyler_dloxymethamphetamirte.Valu_
monoamine oxidase inhibitor trans-2- r_o_nt themean± SEM.
phenylcyclopropylamine (10 mg/kg tp<.05,two-tailedStudefit_t test.
intraperitoneally) one hour prior to
being killed by intracardiac perfusion
under deep sodium pentobarbital anes- individual values were compared with Table4.--UnchangedConc_n=stionsofOopami,_
thesia. After the vascular tree was the control using a two-tailed Stu- and Norepinepl_rine in the Monkey Brain Tw_
cleared with ice-cold phosphate-buff- dent's t test. Thereafter, regression weeks After AdministrationofMDMA(Srog/kg)*

ered saline, perfusion was continued analysis was performed and the 3 df __,_ _yg
with 4% paraformaldehyde, pH 6.5, fol- between groups were partitioned into a
lowed by 4% paraformaldehyde and regression component (1 df) and a devi- Trmmmn _ Oo_m_,. _m_
0.12% glutaraldehyde (pH 9.5). Tissue ation from regression component (2 df). co,_ 3 10.4-+0.5 0.39-*0.03
blocks were placed in buffered 4% para- MDMA 3 9.7_+0.8 0.41±0.02
formaldehyde for seven hours and then Materials _' '*MDMAindicates(+)3,4-methytenedioxymsttla_-
in 10% dimethyl sulfoxide in phosphate- phetamine.Dopaminem meesuredinthe caudat_

buffered saline overnight. Frozen sec- Dopamine hydrochloride, norepi- ,uc_us; andnompinephdne,in thecerebra]cort_
tions (30 p_m)were incubated in an anti- nephrine hydrochloride, and serotonin V_ues representthemean-+SEM.
serotonin antisera (R8) diluted 1:5000 creatinine sulfate were purchased from RESULTS
(or in anti-tyrosine hydroxylase anti- the Sigma Chemical Company, St Lou-
sera diluted 1 U:48 mL) in phosphate- is; MDMA hydrochioride was provided Chemistry
buffered saline with 0.2% octyl phenoxy by David Nichols, PhD, Department of Dose Response.--Measurement 0f
polyethoxyethanol (Triton X-100) and Medicinal Chemistry, Purdue Universi- serotonin two weeks after drug treat-
1% normal goat serum at 4°C for three ty, Lafayette, Ind, and the National ment showed that multiple subcutane
days. The antibody was visualized with Institute of Drug Abuse. Tranylcy- ous doses ofMDMA (2.50, 3.75, and 5.¢
a peroxidase-labeled avidin-biotin com- promine (tranyl-2-phenylcyclopropyla- mg/kg) produced a dose-related deple
plex (Vector Laboratories Inc, Burlin- mine) was purchased from Regis Chem- tion of serotonin in the somatosensorY
game, CalL0, and staining was enhanced ical Company, Morton Grove, Ill. The cortex of the monkey, with the lowest
with the osmiophilic reaction sequence rabbit antiserotonin was generated by dose (2.50 mg/kg) producing a 44_
ofGerfen. _ H. Lidov against serotonin conjugated depletion and the highest dose (5.00
Statistics to bovine serum albumin with formalde- mg/kg) producing a 90% depleti¢

hyde. Rabbit anti-tyrosine hydroxylase (Table 1). Statistical analysis (simple
After a simple one-way analysis of antisera was purchased from Eugene analysis of variance followed linear

variance showed an F value of P<.05, Tech International Inc, Allendale, NJ. regression with partitioning of the
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of freedom into a regression
[1 df] and a deviation from
component [2 df]) revealed

linearity explained virtually all of
'" variability between doses (r= .97).
-44 deviation from regression compo-
-7_ nent was not statistically significant

'F 8=2 28; P>.05)._. 2. .'

Regmnal Effects.--Multlple doses

:SEM. s__ _ of MDMA also produced large deple-
(_v_ance "1 tions of serotonin in the caudate nucle-

hippocampus, hypothala-
(Table

One of the most severely affected
_.er ,was the cerebral cortex (Table 2),

where the lowest dose (2.5 mg/kg) of
MI)MA produced a 44% depletion of
serotonin (Table 1).

tm Other Markers.--Measurement of
5-hydroxyindoleacetic acid, another

o.73± chemical marker for serotonergic nerve
fibers, showed that multiple doses of

t o.12_+_ MI)MA also markedly reduced the con-
SEM. centration of this compound (Table 3).

Concentrations of 5-hydroxyindoleace-
tic acid were reduced by 84% in the
neocortex, 76% in the caudate nucleus, Fig 1.--Serotonin-immunoreactivefibersinsomatosensorycortex(area3)ofcynomolgusmonkey.Semton-ergicaxonsformdenseterminalplexusincontrolanimal(right);in methylenedioxymethamphetamine
75%in the hippocampus,and40% in the (MDMA)-treatedanimal(5rog/kg)(left),thereis markeddecreaseindensityofserotonergicaxonsaftera

erAdministretior hypothalamus, w>_=_ survivalperiod.Changesinsomatosensorycortexarerepresentativeofserotonergicdenervation
Selectivity.--Measurement of dopa- causedbyMDMAthroughoutcerebralcortex.Scalebar,100i_m.

mine and norepinephrine concentra-
tionsin monkeys receiving the highest
dose (5 rog/kg) showed that MDMA pro- nucleus to the periphery of the cell COMMENT

0.897 ± 0.04_

depletion of dopamine or nor- (Fig 2, top left). In LFB-PAS--stained
o.s43=o.o_ epinephrine (Table 4). sections, the inclusions appeared granu- The major finding of this study is that

mphetamine.Val_ lax and were vividly PAS positive central serotonergic neurons in nonhu-
Morphology (Fig 2, bottom right). This staining man primates are highly vulnerable to

Nerve Fibers.--Immunohistochemi- reaction suggests the presence of an the toxic effects of MDMA. Compared
cal studies performed to assess the increased amount of ceroid or lipofus- withtherodent,'_'Stheprimatehasbeen
structural integrity of serotonergic cin, possibly due to lipid peroxidation of found to be approximately four to eight

ationsofOopemi_ nerve fiber projections to the forebrain cell components and subsequent phago- times more sensitive. In the monkey, a
lonkey Brain demonstrated a marked reduction in lysosomal activity. The presence oflipo- dose of 2.5 rog/kg produces a 44% deple-
rOMA(5rog/kg)* the number and density of serotonin- fuscin within the inclusions was con- tion of serotonin in the cerebral cortex
,tmt_ _g immunoreactive axons throughout the firmed by a number of staining (Table 1). By contrast, in the rat a 10- to

cerebral cortex of three of three mon- procedures. Specifically, the granules 20-mg/kg dose is required to produce a
keys receiving the 5-mg/kg dose of were autofiuorescent in ultraviolet comparable effect." Also of note is the

o.3s_+o.03 MDMA (Fig 1). In addition, at higher light, acid fast in Ziehl-Nielsen stain for fact that in the primate small incre-
o.4__+o.oz power, some serotonergic axons ap- lipofuscin, and positive with Schmorl's ments in dose from 2.50 mg/kg to 3.75

peared swollen and misshapen. Staining reaction and Sudan Black B stain. Gly- and 5.00 rog/kg produced 78% and 90%
iredin the with an antibody to tyrosine hydroxy- cogen did not account for the staining, depletions of serotonin, respectively
:hecerebral iasc revealed no evidence of damage to as demonstrated in PAS stain with and (Table 1). This indicates that the dose-

catecholamine-containing nerve fibers without diastase, response curve of MDMA in the monkey
in the cerebral cortex. No abnormal inclusion-bearing cells is steep, suggesting that the margin of

Cell Bodies.--Examination of nerve werefoundinthemedianraphenucleus, safety of MDMA in humans may be
cell bodies in the raphe nuclei of the in other raphe nuclei, or in nonseroton- narrow.

asurement monkeys receiving the highest dose of ergic nuclei such as the substantia nigra The striking loss of serotonin-immu-
_r drug treat_ MDMA (5 rog/kg) showed that while or locus ceruleus. No similar inclusions noreactive nerve fibers in the cerebral
)le subcutane- MDMA produced no obvious cell loss in were found in ten control monkeys of cortex of the MDMA-treated primate
3.75, and 5.00 either the dorsal or median raphe varying ages (including three 15- to 20- (Fig 1)suggests that MDMA produces a
related deple- nuclei, the drug induced striking cyto- year-old monkeys), although some long-term depletion of serotonin by
omatosensory pa;hological changes in nerve cells of increased lipofuscin pigment was occa- actually damaging serotonergic nerve
ith the lowest _he dorsal raphe nucleus. In three of sionally found in the older animals, fibers. Axonal damage is further sug-

,ucing a 44_ i three of these animals, hematoxylin- (Seven of these ten animals were not gested by the swollen and distorted
st dose (5.001 eosin-stained paraffin sections of the formally part of the present study but appearance of some of the remaining
)% depletio_ dorsal raphe nucleus showed numerous, had served as controls in other experi- fibers. Morphological evidence of nerve
fiysis (simpl{ somewhat shrunken nerve cells that ments. The brains of these seven ani- fiber damage is important because it
llowed line_ contained brownish-red spherical cyto- reals were fixed by immersion in 10% suggests that the prolonged depletion of
)ning of th_ Plasmic inclusions that displaced the formolsaline.) serotonin induced by MDMA is not
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weeks. If they do, and if regeneration I
nerve fibers takes place, it is still nc
certain that the new fibers would estah
lish normal connections. For function_
integrity to be maintained, normal co
nections would need to be reestal_
lished. It will be important to determir_
if this occurs in MDMA-treate
animals.

This study provides the first
evidence that serotonergic cell
as well as nerve fibers, are affected
MDMA. As shown in Fig 2, the
logical change in cell bodies involves for,
marion of intracytoplasmic inclusions.'
These inclusions resemble the more
eosinophilic but usually PAS-negative
inclusions recently described in mon-
keys given MPTP, = a compound that
destroys nigral cell bodies. _8'_9Whether
the inclusions in the MDMA-treated i_
primate herald nerve cell death _ t.
reflect a metabolic response of the cell t
body to axonal injury is not yet known t
but needs to be ascertained because, if
cell-body death occurs, the possibility
of axonal regeneration would be
precluded.

The fact that abnormal inclusions
were found in nerve cells of the dorsal,
but not median, raphe nucleus is note-
worthy because it suggests that MDMA
selectively damages a particular subset
of serotonergic neurons in the brain
(ie, the B7 group of Dahlstrom and
Fuxe). That this is the case is also sug-
gested by the recent finding in the rat
that serotonergic nerve fibers arising
from the dorsal, but not median, raphe
nucleus are damaged by MDMA. _'_
Taken together, these findings indicate
that MDMA is likely to be a valuable
new tool for further defining the func-
tional anatomy of different serotonergic
cell groups in the mammalian brain.

The mechanism by which MDMA
exerts its toxic effects on central
serotonergic neurons is at present not
well understood. Like a number of
other ring-substituted amphetamines
(eg, p-chloroamphetamine, fenflura-
mine hydrochloride, MDA), MDMA

Fig 2.--Top left, Nerve cells indorsal raphe nucleus of methylenedioxymethamphetamine (MDMA)-treated appears to release serotonin.'_' Com-
squirrel monkey. Several of slightly shrunken nervecells contain intracytoplasmic inclusion (arrows) (hema- rains and colleagues_ have proposedtoxylin-sosin, x 550). Top right, Nerve cells in dorsal raphe nucleus from untreated 11-year-old squirrel
monkey,for comparison with Fig 2, top left (hematoxylin-eosin, x _m left, Close-up wew_ that M, DMa_-anu'_related compounds
abnormal inclusion-bearing cells in dorsal raphe nucleusof the MDMA-treatedsquirrel monkey(hematoxylin- destroy serotonergic neurons by releas-
eosin, oil immersion, x 1480). Bottom right, Close-up view of nerve cells in dorsal raphe nucleus to show lng large amounts of serotonin and

vividly periodic acid-Schiff-positive granular inclusions in perikarya of several nerve cells (Luxoi fast inducing endogenous formation of 5,6-blue-periodic acid-Schiff stain, oil immersion, x 1480). N indicates nucleus.
dihydroxytryptamine, a well-known
serotonergic neurotoxin. = However,

merely due to a pharmacologic action of regeneration of serotonergic nerve other investigators _ maintain that the
thedrug, but rather represents a neuro- fibers in the central nervous system degenerative effects of ring-substituted
toxic effect. Anatomical studies in rats can take place. _ However, for axon amphetamines may be mediated by a
have led to a similar conclusion._2'_' regrowth to occur, the cell body must be toxic metabolite. It remains to be deter-

It is not yet known whether the preserved. It remains to be determined mined which, if either, of these possibili-
effects of MDMA on serotonergic_neu- if serotonin-containing cell bodies in the ties provescorrect.
rons in the primate are permanent or dorsal raphe nucleus of the MDMA- The results of this study raise concern
reversible. Under some circumstances, treated primate survive beyond two that humans presently using MDMA
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eneration of may be incurring serotonergic neuronal Health Foundation Ltd subcontract 091A-701. One USA 1983;80:45464550.

: is still not damage. The fact that monkeys are con- ofthe authors (M.A.W.) was supported by the L. P. 19. Langston JW, Forno LS, Rebert CS, et al:
Markey Fund. Selective nigral toxicity after systemic administra-

vouldestab: siderably more sensitive than rats to the We thank Lorrene Davis-Ritchie, ZoAnn tion of 1-methyl-4-phenyl-l,2,5,6-tetrahydropyri-

r functional toxic effects of MDMA suggests that McBride, David Rosner, and Patrice Carr for dine (MPTP) in the squirrel monkey. Brain Res
normal con. humans may be even more sensitive, experttechnicalassistance. 1984;292:390-394.

20. Finnegan KT, Irwin I, DeLanney LE, et
oe reestab. Before extrapolating the present re- Re*mncas al: 1,2,3,6-Tetrahydre-l-methyl4-(methylpyrrol-
odetermine suits to humans, however, it should be 2-yl)pyridine:Studiesonthemechanismofactionof
MA-treated noted that monkeys were given multi- 1. Ziporyn T: A growing industry and menace: MPTP. JPharmacolExp Ther1988;242:l144-1151.

ple rather than single doses of MDMA Makeshift laboratory's designer drugs. JAMA 21. Wilkening D, Vernier VG, Arthaud LE, et al:1986;256:3061-3063. A parkinson-like neurologic deficit in primates is
first direct and that the drug was given subcutane- 2. Baum RM: New variety of street drugs poses caused by a novel 4-substituted piperidine. Brain
cell bodies, ously rather than orally. Humans gen- growing problem. Chem Engineering News Res 1986;368:239-246.
affected by erally take MDMA via the oral route 1985;63:7-16. 22. CaldwellJ, DringLG,WilliamsRT:Metabo-
, the patho, and use single 1.7- to 2.7-mg/kg doses of 3. Hagerty C: 'Designer Drug' EnforcementAct lismof[14C]methamphetamine inman,the guinea

involves for. the drug, usually weeks apart, although seeks to attack problem at source. Am Pharm pig and the rat. Biachem J 1976,129:11-21.1985;NS25(10):10. 23. Kotake C, Heffner T, Vosmer G, et al: Deter-
inclusi°ns._ some individuals have used higher and 4. Seymour RB: MDMA. San Francisco, Halght mination of dopamine, norepinephrine, serotenin

._ the more more frequent doses.4 It remains to be Ashbury Publications, 1986. and their major metabolic products in rat brain by

kS-neg ative determined ff administration of MDMA 5. Barnes DM: New data intensify the agony over reverse-phase ion-pair high performance liquid
ecstasy. Science 1988;239:864-866. chromatography with electrochemical detection.

ed in mon- to monkeys in a pattern identical to that 6. Greer G, Tolbert R: Subjective reports of the Pharmacol Biachem Behav 1985;22:85-90.
:pound thai used by humans produces similar neuro- effects of MDMA in a clinical setting, d Psychoac- 24. Ricaurte GA, Irwin I, Forno LS, et al: Aging
8._,Whether toxicity. In this regard, however, it is tiveDrugs 1986;18:319-327. and l-methyl-4-phenyl-l,2,3,6-tetrahydropyri-

MA-treated important to bear in mind that the sensi- 7. CottonR: In the matter of MDMA scheduling, dine-induced degeneration of dopaminergic neu-

1 death or tivity of human and nonhuman primates Brief including proposed findings of fact and conclu- rons in the substantia nigra. BrainRes 1987;403:43-
sions of law on behalf of Drs Greer and Grinspoon, 51.

e of the cell to the toxic effects of MDMAmaynot be and Professors Bakalar and Roberts. Dewey, Bal- 25. Gerfen C:The neostriatal mosaic: I. Compart-
_:yet known the same. In fact, humans are generally lantine, Bushby, Palmer and Wood, 1775 Pennsyl- mental organization of projections from the stria-

because, if regarded as being more sensitive than vania Ave NW, Washington, DC 20006, Jan 15, turn to the substantia nigra in the rat. J Comp
1986. Neuro11985;236:454463.

possibility monkeys to the toxic effects of drugs, s. Lawn JC: Schedules of controlled substances: 26. Zhou FC, Azmitia EC: Induced homotypic col-
would be For example, humans are flvefold to Temporary placement of 3,4-methylenedioxymeth- lateral sprouting of seretonergic fibers in the hippo-

tenfold more sensitive than monkeys to amphetamine (MDMA) into Schedule I. Federal campus of rat. Brain Res 1984;308:53-62.

inclusions the toxic effects of MPTP (compare ref- Reg/_r 1985;50(July 1):23118-23120. 27. Forno LS, Langston JW, DeLanney LE, et al:
'the dorsal, erences 19 and 35). In view of these 9. RicaurteGA, BryanG, StraussL, et al: Halluci- Locus ceruleus lesions and eosinophilic inclusions in

nogenic amphetamine selectively destroys brain MPTP-treated monkeys. Ann Neurol 1986;20:449-
eus is note- considerations, it would seem prudent seretonin nerve terminals. Science 1985;222:986- 455.
hat MDMA for humans to exercise caution in the use 9ss. 28. ManmounasLA, MolliverME:Dualserotoner-
_ularsubset of MDMA. Caution may also be war- 10. Schmidt CJ, Wu L, Lovenberg W: Methylene- gic projections to forebrain have separate origins in

dioxymethamphetamine: A potentially neurotoxic the dorsal and median raphe nuclei: Retrograde
the brain ranted in the use of fenfluramine, a amphetamine analogue. Eur J Pharmacol transport after selective axonal ablation by p-

lstrom and ring-substituted amphetamine that is 1985;124:175-178. chloroamphetamine (PCA). Sac Neurosci Abstr
is also sug- closely related to MDMA andis current- 11. Stone DM, Stahl DS, Hanson GL, et al: The 1987;13:907.

in the rat ly prescribed for obesity _ and autismf effects of 3,4-methylenedioxymethamphetamine 29. Sanders-Bush E, Sulser F: P-chloroampheta-

,ers arising From an experimental standpoint, (MDMA) and 3,4-methylenedioxyamphetamine on mine: In vivo investigations on the mechanism of
monoaminergic systems in the rat brain. Eur J action of the selective depletion of cerebral seroto-

dian, raphe MDMA appears to hold premise as a Pharmaco11986;128:41-48. nih. J PharmacolExp Ther1970;175:419.426.
MDMA._2_ systemically active toxin that can be 12. O'Hearn EG, Battaglia G, De Souza EB, et al: 30. Fuller RW, Perry KW, Molloy B: Reversible

lgs indicate used to study the functional conse- Methylenedioxyamphetamine (MDA) and methy- and irreversible phases of serotonin depletion by
lenedioxymethamphetamine (MDMA) cause abla- 4-ehloroamphetamine. Eur J Pharmacol 1975;

a valuable quences of altered serotonergic neuro- tion of serotonergic axon terminals in forebrain: 33:119-124.
g the func- transmission in higher animals. Clini- Immunocytochernical evidence. J Neurosci, in 31. Nichols DE, Lloyd DH, Hoffman AJ, et al:
erotonergic cally, it will be important to determine if press. Effect of certain hallucinogenic amphetamine ana-
q brain, humans who have taken MDMA show 13. Schmidt CJ: Neurotoxicity of the psychedelic logs on the release of [_H]serotonin from rat brain
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