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1.0 Summary

The Multidisciplinary Association for Psychedelic Studies (R is a U.Sbased nosprofit

research and educational organization supporting research of the therapeutial pjt8ti
methylenedioxymethamphetami@DMA). MAPS is sponsoring clinical trials of MDMA

assisted psychotherapy for patients with chroigorders such as Posttraumatic Stress Disorder

(PTSD), social anxiety associated with autism, and anxiety related to terminal illnesses.-MDMA

assistd psychotherapy is an experimentaktment that combines psytherapeutic techniques

with administratiorof MDMA, a pharmacologidaadjunct that enhancespects of

psychotherapyPr i or t o pl acement on the Drug Enf or ceme
Schedule bubstances, MDMA was administered to thousands of peopychotherapeutic

practice outsidef clinical trials. According to the 2011 United Nations World Drug Reportp11

28 million people aged 16 64 usedEcstasy material represented as containing MDMA, around

the world in various nomedical setting§l-5]. The information presented intlisn ve st i gat or 0
Brochure(IB) is summarized from published research studies of MDMA conducted by groups

outside of the sponsor, sponsor collected data and pubkshdies oEcstasyuse.For the

purposes of this document MDMA will be used to refer to drug of known purity used in a

controlled setting anBcstasywill be used to describe druglated information gathered from
epidemiological settings.

MDMA is a ring-substituted phenethylaminisa known as methylenedioxymetinphetamine.
MDMA is structurally similar, but functionally distinct, from amphetamind®MA is a chiral
molecule the sponsor useacemic MDMAIn the form of white crystalline powder compoudde
with inert material into capsule§he hydrochloride salt of MDMA is readily water soluble and
once ionized is lipoghic. A substantial amount of data, both clinical and nonclinical, has been
collectedfor over half acentury of research on the physigical and psychological effects of
MDMA in humans and animals. Estimates from animal data suggest a median lethal dose (LD50)
in humans between 16 20 mg/kg[6]. Due to a wide range of responses to identical milligram
per kilogram (mg/kg) dosinfy], t he s p o tialsousedixed dosespavalent to

betwea 1 and4 mg/kg (active doses in studies range from 75 niZgtomg). Onset of MDMA
effects occurs 30 to 60 minutes after oral administrd8pf’], peak effects appear 75 to 120
minutes postrug[7, 10-12], and duration foeffects lasts fron3 to 6 hours[10, 11, 13], with

most effects returning to baseline or rbaseline level§ hours after drug administratiohhe
elimination halflife of active dosesf MDMA is 8 to 9 hours[14].

The pharmacokinetics of MDMA in humans has been characterized using oral doses of up to 150
mg MDMA. MDMA disposition in the body follownonlinear pharmacokineticds described in

Figure 1(see Section 5.2 Rharmacokinetigsmetabolism of MDMA results inN-demethylation

to 3,4methylenedioxyamphetamine (MDA). The parent compound and MDA are f@ther
demethylenated to 3dihydroxymethamphetamine (HHMA) and 3#hydroxyanphetamine

(HHA), respetively. Both HHMA and HHA are subsequenttmethylated mainly to 4
hydroxy-3-methoxymethamphetamine (HMMA) andiydroxy-3-methoxyamphetamine

(HMA). These four metabolites, particularly HMMA and HMA, are known to be excreted in the
urine as conjugated glucuronide or sulfate metabdlitls

MDMA is a triple monoamine reuptake inhibitor, and similar drugs in this class have been found
to exert potent antiepressant activity with a favorable safetygfipe in clinical trials[15, 16].

MDMA concomitantly promotes release, inhibits reuptake, and extendsaucétserotonin,
norepinephrine, and dopamine in the synaptic cleft to increase serotonergic, noradrenergic, and
dopaminergic neurotransmission. MDMA has diatfiting subjective and physiological effects

due to inhibitory activity o tryptophan hydroxylas[17-19], which prevents additional serotonin
from being produced and releas&dis inhibition is reversibl§20]. MDMA produces anxiolytic
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and prosocial effects through release of the monoaminergic neurotransmitters, with the greatest
effect on serotonin, followed by norepinephrine and dopai@t25]. MDMA has been shown

to acutely decrease activity in the left amygdala and increase blood flow to the prefrontal cortex
(PFC)in the brain26-28]. MDMA has also been found to increase serum levels of the
neurohormones oxytocin and arginine vasopre@suP) in humang19, 29-33]. Some studies in
healthy volunteers suggest that MDMA increases trust and attenuates reacthvigatening
cueswhichare at least partially associated with oxytaeleasd29, 34, 35]. The combined
neurobiological effest of MDMA can increase compassion for self and others, reduce defenses
and fear of emotional injury, and make unpleasant memories less disturbing while enhancing
communication and capacity for introspect[86-39]. These factors taken together can provide
the opportunity for a corrective emotional experience in the context of psychotherapy. Many of
the therapeutic effects of MDMAssisted psychotherapyeagvident within a short period of
treatment, often after the initial session.

Increased feelings of interpersonal closeness, changes in social perception and reduced anxiety
may make MDMA a suitable pharmacological adjunct to enhance psychotherapyiédy a
disorders, such as PTSD and social anxiesutistic adult§40]. MDMA may provide a much

needed option in the treatment of PTSD and anxiety associated with other conéitidished

results fom MAPS study MP-1) showed clinically and statistically significant improvements in
PTSD severity in 20 per protocslibjecs [4]]. Findings from the longerm follow-up of MP-1

suggest that therapeutic benefits waunstained foanaverage of 41 months paseatmen{42].

The sponsor6s second Phase 2 {)idénmonstraed udy condu
clinically significant improvementsa PTSD symptomswith results in thel25 mgMDMA dose

group numerically but not statistically superior to thenZgMDMA dose groudg43]. Longterm
follow-up data 12 months later suggest that therapeutic benefits continued to increase in this
subjectpopulation. There were no druglatedSerious Adverse EvenfSAES or safety

concernsn either study.

Data from MAPS studies and published literature show that MDMA produces sympathomimetic
effects that include significant transient, detfiting increases in heart rafelR) and blood

pressure that are likely to be well tolerated by thgahdividuals[7, 9-11, 26, 44-46]. Most

people do not experience elevations that exceed those seen after moderate Ekessgesults

were reproduced iMAPS Phase 1 safety stufl§7]. Risks posed by elevated blood pressure are
addressed by excluding candidates with a history of cardiovasoettabrovascular disegse

with pre-existing uncontrolled hypertension and by regularly monitoring blood pressure and pulse
throughout experimental sessions. Common reactions reported in the litaratwigical trials

from MDMA are transient and diminish as drug effects wane during the session and over the next
one to7 days MDMA may reduce responsiveness to changes ienMglt balance after normal

and increased water consumpt[d8]. The effects include lack of appetite, insomnia, dizziness,
tight jaw or bruxism, difficulty concentrating, headache, imgxhigait or balance, muscle tension,
ruminations, feeling coldandthirst (seeSection5.39 Adverse Even)s MDMA is also a mild
immunosuppressaf9]. Due totheir limited duration, these swzute reactions are not likely to
haveclinical significance.

As of 01 Octobe2016 over1260individuals exposed to MDMAn controlled research settings
(which includesl51in MAPS-sponsored studieghere have been no unexpected drigted
SAEsto date, and expected SAEs have beenaad nodife threatening. As of the data eoff,

a single expected related SAE (increased ventrieximasystoles and13 unrelated SAEsfter
drug administratiomave been reported in MAPSponsored clinical trials.

There have been a numbersefiousinciderts amongindividuals who us&cstasymaterial
represented as containing MDMA, as defined above) around the world in varieoedaal
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settingg1-5]. These include fatalities reported afferstasyand polydrug use in unsupervised
and uncontrolled settings. These events are relatively rare given the prevalEnswasfuse,
estimated tde in the millions worldide [50, 51]. The most common adverse effectEostasy
and polydrug use include hyperthermia, psychiatric problems, hepatotoxicity, and hypaiaatre
[52-56] (see Sectiod.4 Toxicology in Animals and Epidemiological Settings andSt6ous
Reports, Mortality, and Morbidity in Animals and Epidemiologicali8gs).

2.0 Introduction

MDMA is not a novel compound. The history of its use in humans predates controlled studies in
healthy volunteers and clinical trials. MDMA was first synthesized and patented by Merck in
1912[57] and is currently not covered by a patent. MAPSI&dhe Drug Master File (DMF) and

an Investigational New Drug (IND) for MDMA with the U.S. Food and Drug Administration
(FDA). After MDMA was rediscovered by the chemist Alexander Shulgin in 198]6 he and

his colleagues provided initial reports of its pharmacalagth 80 mgto 160 mg MDMA

required to produce desired subjective effects in huf&Eh$0]. MDMA was found to robustly
influence human emotional status in a unique {88 without adversely effecting physiological
functions or perception, such as visual perceptiocognition8, 10, 12, 13].

MDMA possesses a complex pharmacological profile that is dominated by its effects as a
monoamine releaser and reuptake inhibiath additional effects on limitingeurotransmitter
production and degradatioits prominenteffects on serotonin differentiate it from amphetamine
and methamphetamine, which primarily sxtncreaseatecholamines such as norepinephrine
anddopaming 21, 61]. In the Merck Index, MDMA resides in thigntactogerclass[62].
Entactogens contain a rivggbstitutel amphetamine corbglongto the phenethylamine class of
psychoactive drugs, and are described as promoting acceptance and compassion for self and
others, changing recognition and response to emotions, and increased interpersonal fl&@seness
37, 63, 64]. In comparison to anxiolytics, antidepressants and atypical antipsychotics, MDMA
does not require steady state levels in the blood to function as a catalyst to psychoterapy.
six administrations of MDMA, spaced approximatglgnonth apart at activeoses of 75 mg to

125 mg, may be an alternative to other medications that require daily dosing. This infrequent
dosing regimen mitigates adverse eV@) frequency and improves the risk/benefit ratio of
MDMA, which may provide a significant advantage p#aily dose medications.

Shulgin and Nichols were the first to report the effects of MDMA in hurféjs MDMA -

assisted psychotherapy first occurred during thetoidte 1970s after Shulgin introduced

MDMA to a psychotherapist, Leo Zeff. Reported effects of MDMA include enhanced feelings of
closeness to others, wellbg, and insightfulnes®5-67]. Prior to placement iBchedule |

MDMA was used impsychdherapy for individuals, couples, and groups to treat diverse
psychologgcal disorders, including moderate depression and anp6éty8-70]. It was also found

to be useful ineducing physical pain secondary to certain kinds of cd6&grNo formal

controlled clinical trials of safety and efficacy were conducted at the[ @6 &1].

During the early 1980s, increasingEcstasgnber s of
outside of therapeutic conteXtq. The first wave of nomedical use occurred not only in dance

clubs, but also in groups of people who used the drug in-axgalbratory or spiritual context.

Non-medcal use continues today in the same contgktg?Z]. In the US., an estimated 800,000

people reported iriliting Ecstasyuse in the past yefir3], and approximately 2.1 million

Europeans between the ages of 15 and 64, or approximately 0.6% of the population, reported
usingEcstasyin 2013[74].
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MDMA was added to the list @&chedule tontrolled substances in the U.S. in 198&ning it

as a drug witka high potential for abuse and no accepted medicdl7rGs@6]. Classification as a
Schedule tontrolled substance, combined with the early research in animals and recreational
users, hampered clinical research into the medical uses of MDMA until the S9@0Hy after it
was scheduled, animal studies described-teng decreases in markers of serotonergic
functioning after high or repeated doses of MDMA administrdtraf, however thesaerenot
relevant to doses in clinical triglg8, 79]. A recently mblished metanalysis took careful steps

to overcome methodological limitations in previous work, and found only modest indicators of
long-term impairment in cognitive function in humdiagl]. A systematic review of brain imaging
studies in moderate ecstasy users found no convincing evidence for structural or functional
change$80]. Reports ofAEs, such as hyperthermia, followitgstasyuse[81-83] and stulies in
Ecstasyusers reporting changes in serotonin transp¢(&ERT)density, impaired memory and
executive function raised concerns regarding the safety of MDMA administfa4€38].

However uncontrolled studies Btstasyuse and peclinicalanimalstudieshatuse

inappropriately high doses of MDMgroducsfindingsthatare open to several interpretations
[79, 89]. The vast majority ofublicationsof Ecstasyusers are retrospective reports in polydrug
userg54, 90].

While the initial studies in the 1990s conducted in humans examined the physiological effects of
MDMA strictly from a safety perspee®, currentinvestigations have examined the effects on
attention, prosocial effects, memory and brain activity, and human drug discrimination. Findings
from an initialsponsoifunded studyndicated that MDMAassisted psychotherapy could be
conducted safg in people with chronic PTSWho had failed first line treatmenit8l]. Thiswas
repeated ira chronic,treatmentresistant PTSD sample ansponscesupportedstudy(MP-1) [42]

which demonstratedurableimprovement in PTSD severijtwith no differencen cognitive

function between placebo and MDMA growfteranactive dosef MDMA was given on two
occasions] month apartln addition, placeb@ontrolled Phase 1 clinical trials confirmed that
MDMA produces an easily controlled intoxication characterized by euphoria, increased well
being, sociability, dé-confidence, extroversion, transient increases in anxiety, and minor

MAPS hascompleedPhase 2 investigations of MDMassisted psychotheraignificant
durable improvement in PTSD symptoms lasted for at least 12 months after MBsiied
psychotherapy in two completed studist-1, MP-2) [42, 43]. There arefour Phase 3tudies

for treatment of PTSEhat have completed treatments and foligpvtwo studies in the U.S.
(MP-8, MP-12), one in Canada (M®), andone in Israel (MP). Data fromPhase 2 studiesas
submitted to FDA for th&nd-of-Phase 2 meeting to suppsetartingPhase 3 muksite
MDMA/PTSD research studieBased on the current statesgientific knowledge and the
risk/benefit profile of active doses of MDMA, it appears favorable to continue the research of
MDMA as an adjunct to psychotherapy.

Based on clinical experience with PTSD, MAPS is exploadditionalindications for this
treatment. Studies for additional indications include one Phase 2 study-(y18iAMDMA -

assisted therapy for social anxiety in people on the autism spectrum and one study of MDMA
assisted psychotherapy to address anxiety associated withhadidééeningliness (MDA 1). In
addition, there is one ongoing Phase 1 study of MBAd&isted psychotherapy to assess
psychological effects in healthy volunteers (M. When completed, this will be the first Phase 1
investigation to assess acute effaftis a theraputic setting that is comparable to MDMA
assisted psychotherapy studies for PTSD.

This IB will presenfpreclinical and clinical studies of MDMA, as well @gidemiologicaktudies
in Ecstasyusers.

Pagel?2 of 187



MAPS MDMA I nvestigator ds

u.s. gt Edition: 21 May 2017

3.0 Physical, Chemical, and Pharmaceutical Properties and Fmulation

MDMA is structurally similar, but functionally distinct, from amphetamines and mescaline.

MDMA, also known as 34nethylenedioxyN-methylamphetamine and-Methy}3,4-
methylenedioxyamphetamine, has the chemical formula $fiENO. It was firstsynthesized as

a precursor of a haemostatic drug called methylhydrastinine as a phenylisopropylamine derivative
of safrole, an aromatic oil found in sassafras, nutmeg, and other [@ants

MDMA is a chiral molecule, possessing two enantiomefs)-BIDMA and R¢)-MDMA, with
S(+)>MDMA being more potent than R(MDMA [6, 94]. Research in humans to datelahe
majority of nonclinical studies have used racemic MDMA, or an admixture containing equal
amounts of both enantiomers. Studies of drug disogtion in rodent§95, 96] and studies of
selfadministered and experimeniiministered MDMA enantiomers in prima{&s, 97-100
suggest that MDMA enantiomers may produce different physiological and rewarding effects, and
there may be some synergy between the two when administered as a racemate. It sBéas that
MDMA may have hallucinogetike effects, compared to SEMDMA, which exhibits

psychomotor stimuladike effects. Findings comparing the effects of the enantiomers of the
related compound methylenedioxyethylamphetamine (MDE) suggest that thessntgféects

of MDMA enantiomers may occur in humad€1]. According to arnn vivo microdialysis study

in rodents, S(+MDMA may be associated witgreater dopamine release in specific brain areas
[102. A study conducted in 2014 monkeys found that S(-YIDMA, but not R¢)-MDMA,
significantly increasedxtracellular dopamine levels in the dorsal striatum, whereasNEDMIA
significantly increased serotonin levgls]. In vitro studies reported greater binding at a specific
alpha nicotinicacetylcholing/Ach) receptor by RMDMA compared with SDMA [103.

MDMA available for humans in clinical trials is racemic, containing roughly equal amounts of
both enantiomers. Any differential effects of the enantiomers remain untested in humans. The
sponsor will use racemDMA in all current and planned studiddnless otherwise stated,
MDMA is used throughout this document to refer to the racemic mixture.

For clinical trials, thesponsomused racemitiydrochloridesalt of MDMA from two sources.

Since this is the formulin used in all prior investigations in humans, the sponsor will continue
to use thénydrochloridesalt of MDMA. Thehydrochloridesalt of MDMA is readily water

soluble with a K, of 9.9[104], which influences whether it is ionized in plasma and slightly
reduces its ability to cross into oral fluid. MDMA is also more lipophilic, which drives it into oral
fluid, and may influence its ability to pass the blood brain barrier and influence signaling in the
central nervous syste(@NS)[105.

Sponsoisupported @idies in the Us.use MDMA manufactured in 198% David Nichols,

Ph.D., at the Department of Medicinal Chemistry and Pharmacology, Purdue University, West
Lafayette, IN. The MDMA was manufactured as a single lot for use in federally approved clinical
research. A stability analysis conducted in 2006cetes that the compound remains highly

stable and pure after 21 years of stordd. Studies conducted outside of the U.S. use MDMA
from a single batch manufactured in 1998 by Lipomed AG in Arlesheim, Switzerland. The most
recent analysis of drug stability and purity conductedrebruary 2, 2010 confirmed that this

MDMA is 99.9% pure with no detectable decomposition. For spesiggported studies, MDMA

in the form of white crystalline powder is compounded with inert material into capsules. Capsules
are administered orally withglass of water.

MDMA doses in sponsesupported studies are fixedthin thetherapeutic dose rangé 75 mg-
125 mg rather than based on body weidtdasedn epidemiological informatioandlack of
linear dose response with behavioral effét®Bhag 1 andsponsotsupported studigg]. The
proposed clinicatiose isa flexible dose ranging from 80 mg to 2@, which is equivalent to
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1.1 mg/kgto 1.8 mg/kgin the initial dosdor a 70 kg persarThe supplement&lalf-dose of40
mg to 60 mgng is equivalent t6.89mg/kg Various comparator and active doses of MDMA ar
also being tested in the clinical trials.

AlthoughMDMA does not require special conditions for storagenperature and humidity will

be monitoredThedrug producis stored in sealable containers placed within a dark safe at
ambient temperature. MDM#& aSchedule tontrolled substanaand is stored and handled in
compliance with relevariederal state and locafregulations. In accordance with the

requirements of the 3. DEA and international drug regulatory authorities, license holders will

be responsible for storing and dispensing the MDMA, and ensuring it is stored under appropriate
protections.

Inactiveexcipientsareintended to maintaithe blind by creating capsules of equal weight.

Lactose has bearsedin Phase 2s an inactive materiaf similar appearance and was selected
because it can be safely consumed by most people and is inactive. Whenever conducting blinded
studies, thesponsomwill continue to employ lactose or inactive materials that exist as white
powders without significarddor that can be safely administered in humans. The purpose of this
excipient is solely to permit placebo or active placebo administration under blinded conditions.

4.0 Nonclinical Studies

Findings from nonclinical animal research, retrospective studiEsstsyuse and case perts

of Ecstasyuse in humans are presentBesearch into the pharmacological, physiological, or
psychological effects of MDMA began in the 1950s, when the U.S. Army administered MDMA
to guinea pigs, monkeys, mice, rats, and dogm#sof a military research program, possibly
intending to develop chemical incapacitants or means of enhancing interrqdafibn
Investigaions of the pharmacology, functional effects, and toxicity of MDMA in animals have
generally included injections of large and often repeated doses of Mibd/are nohuman
equivalent doses. Studies of MDMA have been conducted in primates and roderdte Pri
species studied include baboon, macaque, rhesus monkey, and squirrel monkey, and rodents
include mice and rats. Studies of circadian rhythm have occurred in hamsters. Beginning in the
mid-2000s onwards, reports-examining these effects have questidthe applicability of
interspecies scaling models for MDMA, and have supported nonlinear pharmacot98

109. In genergldoses in the rampf 1 to 5 mg/kg in animals are relevant to human research and
are described in more detailSection 4.2.2 Pharmacodynamics in Anim&isdings in doses
abovethisthat show a toxic effe@re described when relevantSection 4.4 Toxicology in

Animals and Epidemiological Settings

Evidence exists for intentional human use of MDMA, knowikestasyamong other names, as

early as the late 196(058], and there are records of a police seizaf MDMA in the early 1970s
[11d. MDMA was administered to thousands of people prior to scheduling and many continue to
useEcstasyaround the world in various nemedical setting§l-5]. In this IB,fiEcstasp ( or ot her
common namegkfers to materighssumed to be MDMA used in naturalistic setti(se
epidemiology sections), however when used in these uncontrolled settings theagirogt

containonly or anyMDMA.. One of the problems iassessing the effea$ Ecstasyin users is
determining the puritand identityof the substancét may contain other substances along with

or instead of MDMA, and when present, the amount of MDMA can washgly [111-113. Most
studies rely on selfeported use and do not attempt to confirm that material used is MDMA.
Synthesis of MDMA is relatively simple, amsloften produced illegally in laboratories with no
quality control These synthesized tablets also may be cut or mixed with other psychoactive
substances. Substances found mixed with MDMA have inclatgthetamine
methamphetaminalextromethorpharparameéhoxymethamphetamine (PMMA)
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paramethoxyamphetamirfBMA), cathinonesketamine, caffeineand ephedrineRetrospective
studies inEcstasyusersare described in Section £Bysiological Effects in Epidemiological
Settingsand case reports of morbiditycamortality inEcstasyusers are included in Section 4.5
Serious Reports, Mortality, and Morbidity in Animals and Epidemiological Settingsovide

the context of potential safety information of a related compound to MDMA which has extensive
use outsid®f a research setting.

4.1 Nonclinical Pharmacology

MDMA possesses a complex pharmacological profile that is dominated by its effects as a
monoamine releaser and reuptake inhibitor. Its prominent effects on serotonin differentiate it
from amphetamine and nietmphetamine, which primarily act dopamine andorepinephrine
[21, 61]. In the following sections, the phaacology of MDMA is presented based on
nonclinical animal studies and epidemiological studies.

4.2 Pharmacdogy in Animals
4.2 .1Pharmacokineticsin Animals

MDMA is metabolized via two hepatic pathways the major pathwain rats MDMA is O-
demethylenated by aythrome P450 CYP2D1 and 3A2 to form HHMA, whicl©isnethylated

to generate HMMA byatecholO-methyltransferas@COMT). In the minor pathwain rats
MDMA is N-demethylated by CYP1A2 and 2D1 to form MPwhich is an active metabolite
MDA is O-demethyleated by the same enzymes as MDMA, with subsequent metabolism by
COMT. Metabolites of MDMA are excreted in urine as glucuronide and sulfate conjugates.
MDMA and metabolitefiave shorter halives in ratshan humanat comparable doses based on
plasma GaxVvalues.Rats tend to form more MDA and glucuronicienjugated metabolites than
humang114. As MDMA dose increases above 2rig/kgsubcutaneouss(c) or intraperitoneal
(i.p.) in rats a larger percentage of tadministered dose is shunted to Midemethylation
pathway, resulting in greatly enhanced formation of MRAY. Comparison of metabolic
pathways between rats and mice givemigikg i.p. MDMA indicate that 49.1% of MDMA is
metabolized through the HMMA pathway in mioersus72% in rats, and 18.3% of MDMA is
metabolized through the MDA pathway in miersus28% in rats based on AUC ratios to
MDMA . MDMA at 10 mg/kgvas also found to be elimated more rapidlin mice (0.4 hours
i.p.) than ratsaat (1.1 hourss.c) [79, 116.

To addressjuestions of the applicability of interspecies scaling models and nonlinear
pharmacology of MDMA, a study examining MDMA and metabolites in rats given 2ahd510
mg/kgs.c.found that MDMA metabolism is nonlinear in rats, watlb mg/kgproducingplasna
Cmaxlevels approximating those seen in humaateiving between 75 and 100 fdg}, 115 117.
Injectionsof 2 mg/kgs.c. or i.pin ratswere found to beimilar to oral administrationf 100mg
MDMA in humans based on plasma MDMA and metabolite concentraii@hd8ased on
plasma values dose of 3ng/kg i.p. MDMA administered in mice was comparable to a single
oral dose of 10@ng in human$95]. Studies in rats and migeovidecompelling evidence of
nonlinear pharmacokinetickkely due to saturation of metabolic enzymesterminecdy greater
than expected AUC values for MDMA and MDCefiter subseque™MDMA doses while AUCs
for HHMA and HMMA remainedower than expectefd 15 116 .

Single dose pharmacokineticsarfl 7.4 mg/kg MDMA in squirrel monkeyshowstwo to three
fold higher plasma MDMA concentrations than humans receivingral dose 0100 mg,
althoughallometricinterspecies scaling pretsan equivalent dogd.0g. A study directly
comparing MDMA pharmacokinetics in humans and monkeys found that the two species
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metabolized MDMA in a similar but not identical mana@DMA half-life in monkeys was less
than half tle duration seen in humans (1dubhsat a dose of 2.8 mg/kg in squirrel monkeys
versus 8.hoursafter 1.5 mg/kg in humandpoth monkeys and humaeghibit nonlinear
pharmacokineticgl4, 118 119, and it appeartheyexhibit similar plasma MDMA levels after
receiving the same dose of MDMAZ20, 121]. Thesepharmacokineti¢indings suggest that
nearly alltoxicological and behavioral preclinical studiddMDMA use overestimatedloses that
exceed humarquivalent doses by 2.7 to 10.7 timdspending on route of administrati@ue to
both simple dose conversion and allometric scalysga consequence, it is difficult to interpret
the relevance of findirgin preclinical studies employing these dosing regimes.

Table 1: Pharmacokinetic Constants for Plasma MDMAAfter Various Routes of
Administration to Humans or Animals

Cmax(ng/ml) AUC (hYng/ml) Tmax(h) tuz(h) References
Rat A
2 mg/kg i.p. 210+108 16356 0.1440.08  0.80t0.16 [79
2 mg/kg s.c. 196+50 304+65 0.75t0.29  0.79+0.14 [79]
2 mg/kg p.o. 46+15 61+42 0.56+0.31  0.7#0.11 [79
2.5 mg/kg s.c. 164.#47.1 272.171.6 0.6+0.2 1.1+0.9 [115
5 mg/kg s.c. 370.8:41 879.1#133.2 0.9+0.6 0.9+0.1 [115
10 mg/kg s.c. 893.%90.7 2879.2491.5 1.1+18 2+0.6 [115
Mouse®
3 mg/kg i.p® 369.8 --- 0.17 0.6 [95]
10 mg/kg i.p. 110287 1233t53 0.3 0.4 [11§
20 mg/kg i.p. 215282 261186 0.3 0.6 [11§
Squirrel Monkey
1.4 mg/kg p.o. 100.251.5 340.3248.4 1+0.4 1.8+0.9 [122]
2.8 mg/kg p.o. 312.#92.8 1314.2581.5 1.1+0.4 2.1+0.8 [122
5.7 mg/kg p.o. 723.6:228 3866.2891 1.3+0.9 2.6£0.7 [122]
10 mg/kg p.o.  1594.5-295.6 12,839.22144.6 1.3+0.9 4.241.5 [122
7.4 mg/kg s.c. 1224167 5006£528 3.5+0.9 [108
7.4 mg/kg p.o. 773157 3408:821 3.1+0.5 [108
Human
1.0 mg/kg p.o. 147410 1382119 2.3t0.2 7.2+0.6 [123
1.6 mg/kg p.o. 202+76 3485:760 2.4+0.6 8.1+2.1 [117)
1.6 mg/kg p.o. 254.%#60.4 3070.6673.4 2.4+0.6 8.4+1.6 [129
2.0 mg/kg p.o. 442487 51335232 1.52.0 6.97.2 [14]

AMale SpragueDawley rats

BMale FVB mice

€ Fantegrossi et al. reported mean pharmacokinetic parameters obMBMA and S(+}MDMA after
administering racemic MDMA. In this table, plasma racemigx@alues estimated by taking sum of)R(
t he

and S(+), while faxand t,pr esent ed as an average
pAll values were above levels of detectability.
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4.2.2Pharmacodynamicsin Animals

Most effects of MDMA likely arise directly from monoamineuptake inhibitiorandreleaseand
indirectly from activation of downstream monoamine receptors and subsequent secretion of
neuromodulators oxytocin ad/P. MDMA binds primarily to membrandoundmonoamine
transportes, which removemonoaminergic neutansmittes from the space between neurons,
known as the synaptic clefDMA appears to alter the conformation of the transporters,
enabling monoamines to diffuse outtbé neuron rather than being actively transported into the
presynaptic neurof6l, 124, 125. MDMA prevents thaeuptake of serotonin, and to a lesser
extent, norepinephrine and dopamiaedfacilitatesrelease of these neurotransmitf&$ 126
12§. The selectivity of MDMA forspecificmonoaminergic neurotransmittesspecies
dependent, and canrsxtlelybe attributed to differences in binding affinftyr specificreuptake
transportes observedn vitro, as described belavn in vitro studies MDMA wasalsofound to
compete with monoamines for sites on the vesicular monoamine transpOW&iAT2),
swggesting MDMA also promotesctiverelease of monaaines from vesicular storgis addition
to inhibiting reuptak¢129-131].

MDMA caninhibit monoamine oxidase A (MA@\) in vitro at high concentrationsvhich
preferentially degrades serotonin, and leads to accumulation of extracellular serotonin in the
synaptic clef{132 133. Inhibition of MAO-A may have played a role in fatalities and medical
emergencies seen after combining Ecstasy with MAQO inhibitors in epidemiological sgtBdgs
135. Spurred on by prior reports hypothesizing that apparent gatonergitoxicity of
MDMA in primates as compared to rodentould beattributed togreaterSERT affinity [136],
researchers specifically examined affinity in cells transfectedgreesshumanmonoamine
transportes [ 128 137]. These studiefundthat even though binding affinity of MDMA for the
human norepinephrine transporfBIET) exceeded the affinity fdBERTand dopamine
transporter¢DAT), serotonin was preferentially released over norepimepland dopamine
[128, which may account for primarily serotonergic effects of MDNDR the other hand, in
rodents MDMA affinities for transporters avederedas SERT>NET>DAT138. MDMA does
not have as strong an affinity for tBAT as methamphetami2l].

The ability of MDMA to stimulate release pfe-synapticserotoninnorepinephringand
dopaminan multiple brain regionand inhibit reuptakénas been well documentgii3g. In vivo
microdialysis and voltammetmgsults shovsignificant enhancement sérotonin and to a lesser
extentdopamingollowing MDMA administration, a response attenuated by various transporter
inhibitors. MDMA-stimulatedserotoniranddopamineelease has le@ measureih thestriatum,
nucleus accumbenBFC, and the hippocampaoffreely movingrats[140-143. In addition,
enhancement of Ach release has beenodestnated in the PFC, striatum, and hippocampus by
both a dopaminergic and serotonergic dependent mechfiMeimi4y. The subjective and
physiological effects of MDMA are produced by the dynamic interaction of these transmitter
systems on numerous brain networks that modulate learning and memory, emotion, reward,
attention, sympathetic/parasympathetic actiwatyg neuroplasticity.

In addition to carriemediated monoamine release, MDMA [adnity in vitro for specific
serotonin, norepinephrin@ch, and histamine receptoithough the concentrations tested may
not translate to standard human MDMA dofg% 146-148. Anin vitro binding study

comparing MDMA with a number of drugs that include cathinonevdtivies suggests that
contrary to an earlier report of low affinity for 5bhIserotonin receptors, MDMA may have
significant effects at the recep{@5]. MDMA likely modulates5HT. serotonin receptors
indirectly through serotonin release, though it is possible that MDMA may also act as a partial
5HT14 agonist in some brain aredsty. Findings from other studies suggest that M®khares
gualities with 5HTA agonists. Early studies mtssuggest that pharmacological activation of

Pagel7 of 187



















































































































































































































































































































































































































































