Antidepressant-like effects of

3,4-methylenedioxymethamphetamine

(MDMA, ecstasy)

Irina Majumder, MD

Discipline of Pharmacology
Faculty of Health Sciences

The University of Adelaide

Thesis submitted for the degree of
Doctor of Philosophy
at

The University of Adelaide, South Australia, Australia

April 2010



Table of Contents

(LY o] i -] o] [T RNt viii
LISt Of FIUIES ...cun ittt rene e renes s re e e sena s s senessssensssssenassssennsssnenananns ix
1Y o 13 1 - 1ot SOOI xi
[0 T=Yol - T 1 [0 1o [Nt xiii
0N g Lo TN T P 01T XV
ADDreviations...... ...ttt rene s rene e s rea e s eenssesrensseseannsesennnaesannns Xvii
Chapter 1. Background...........cceeiiiieeiiieieccreeecrreneeerenenesreneseeseensesnenssessennssssensssesennns 1
1.1. VIDIMIA: QN OVEIVIEW ccuuuiiieenniiienesiiiienesiiiesssssssresssssssssssssssssssssssnsesssssssssssssnssssssanssssssnnnes 1
1.2. Pharmacology of IMIDIMIA ..........ciiiiiiiimmmniiiinniiniiecnmnsssiissiisesssssssssssissssessssssssssssssssssssssns 6
1.2.1. Pharmacokinetics and metabolism of MDMA ........cocooiiiiiiiiiiiiiiieeeee e, 6
1.2.2. The pharmacological action of MDMA in the brain .........coooeccciiiieee e, 12

1.3. Immediate effects of MDMMA in hUumans........c.ccceiiiiieiiiiiennicninenicnneencennenneensennnns 15
1.3.1. Psychological MDMA effects.......ccuuiiiieeiiei et e e 15
1.3.2. Tolerance to the subjective effects of MDMA ...........cooeiiiiiiiiiiciieee e 18
1.3.3. Physiological and side effects of MDMA ...........oooiiiiiiii e 20

1.4. The subacute (rebound) effects of MDIVIA .........cccuiiiiiiireeemnnieiiiieneeeeenenseeeseeeeesnnnsees 23
1.5. Long-term effects of MIDIMIA........coooieiieiiiieiiirennereeesiseseeeennnsssssssssseennsnnsssssssssessnnnnnns 26
1.6. DePressioN: QN OVEIVIEW......ccccieeuirennerennereenireesersossrenserensersnsssensessnssssansessnssssnsssansesans 31
O ST A 1= 1 1 o o Y o F U RURR P 31
1.6.2. Mechanisms of development of the depressive symptoms ........cccceeecviveeiiiciieeennns 33
1.6.2.1. Monoaminergic hypothesis of depression ..........cccccveeieiiiiiccieiee e 34
1.6.2.1.1. Serotonergic SyStem in dePreSSION....cccuiieiccieeeiree e e reeeere e e e sre e e eae e e eanes 34

Irina Majumder, PhD thesis 2010



1.6.2.1.2. Noradrenergic system in depreSSioN ........cooueerieeniienieenieeee st 36

1.6.2.1.3. Dopaminergic system in depPresSSioN ........ceeeceeiciiiiieee e e eeriree e e e e e reaaeees 38

1.6.2.2. Cholinergic system in depreSSiON ......ciicceiieicieee e et ereee e e e eseee e s snae e e e snreeeennes 38
1.6.2.3. Role of the hypothalamo-pituitary adrenal axis and cytokines in depression ............... 39
1.6.2.4. Role of GABA and neuropeptides in depression ..........ceeeecveeeeeiiieeeeccieee e e e e 41
1.6.2.5. Neurotrophic hypothesis of depression ........ccccceecvireiciiee i e 42
1.6.3. Mechanisms of action of clinically prescribed antidepressants.........cccccccceveeennneen. 43
1.6.4. Genetics Of dEPIreSSION ......uiii it e e e e e e rraeas 45
1.6.5. Depression as a comorbidity or a side effect of drugs ......cccceeeeeeeiiiiiciiiiiieeeneeeeee, 48
1.7. Preclinical studies of depression ......cccccccveiiiieiiiiiinnniiniiiiniiiiniieeene 49
1.7.1. Overview of the animal models of depression.........cccccvviiiveeeeee e 49
1.7.2. Neurochemical models of depression........ccceeeeeeee et 53
1.7.3. Environmental and social stress-induced models of depression .........ccccceeeeeeeeennn. 54
1.7.3.1. Learned HelPIESSNESS .....uuviieiiieeeeiiie et ee ettt e e et e e tee e e stae e e s e sata e e s esaeeesnseeaenntaeeeeennes 54
1.7.3.2. ChroniC Mild SErESS....ceeuieiiieeiiieiieeeiee ettt ettt be e s bt e sbeesabeeesanee s 55
1.7.3.3. Social stress and maternal separation models ..........ccceoviiiiiiiiiiiiniineen 58
1.7.4. Olfactory bUIDECLOMY ........uiiiiiiiiiee e e e e e e e e e e e eaas 61
1.7.5. Animal tests Of dePresSSiON ......ueiiiii i e e e 61
1.7.5.1. Tail SUSPENSION TEST ...eiiiiiiiieiiieeeeitee e eeiite e e stte e e ettt e e e te e e e snaeeeeesatseeesnsaeeesnseeaanssaeesennnes 62
1.7.5.2. FOrced SWIimMmMING TEST ....uuviiiiciieeeiiieeceitee e sttt e e e steeeeetee e e snaee e e s sntaeessseeeesnneesensseeesnnnnes 62
1.7.5.3. SUCIOSE PreferenCe tESt.. . cuii ettt 65
1.7.6. Genetic rodent models of depression .......eeeeeei i ieeccccee e 67
1.7.6.1. FQWN-HOOEA FalS c..uveiriiiiiiieiriiie ittt ettt ettt ettt e st e sbe e sabe e sbae st e e sanee s 67
1.7.6.2. WiSTar KYOtO rats .ccceeueiiiiiieii ittt ettt et e e s e e s seiiare e e e e s s sssanraeeeeeesessnnnnnnns 70
1.7.6.3. Flinders SENSItiVe LINE Fats .....cueeieiiiieiiiieeeriiee ettt st e st e e s s saee e e sare e e sta e e saeees 71

1.8. MDMA and depression: what are the links? .........ccoiveiiiiiiiiiiiieicicnniccnrencenrenees 76
1.9. Summary, aims and hypotheses .......ccccciiieeiiiiiiiiiiccrrrcrrrccrre e s s e nasaens 82

Irina Majumder, PhD thesis 2010



Chapter 2. Effects of MDMA on behaviour in an animal model of depression.......... 87

2.1, INErodUCHION.. ... s 87
2.2. Materials and methods...........ccoeeiiiiiiiiiiiiiiiici s aaaaanes 90
22,0 ANIMAIS et e s e e e s renesraeeeas 90
0 A 0 | 4 U1 - USRS 91
2.2.3. EXperimental ProtoCOL......oo ittt 91
2.2.3.1. Weighing of @nimMals........ccooiiiiiiiiiii et e e st e e e ta e e e sanaee s 91
2.2.3.2. Preparation and administration of drugs.......cccccueiieiiiriiiiie e 92
2.2.3.3. INJECtiONS SChEAUIE......eeiiiii ittt st eare e 92
2.2.3.4. Forced SWIMMING TESE ...cciiciiiiiie ettt ee ettt e e e e e e e e s trar e e e e e e s snrbaaeeaaaaeens 93
2.2.3.5. SUCIOSE PreferenCe LEST ...cciuiiie ettt e s e e et e e et e e e e tr e e e enaae s 94
2.2.3.6. LOCOMOLOr aCtiVity @SSESSMENT .....eiiiiiiiiiiiiiieiiee e e 95
2.2.3.6. 1. EQUIPMENT cettitiiiiiiiiiiiiitieieieie et s s s s s s e s e s e e e s e s e e e s e e e e e e e aeaaaaaaaaaaaans 95
2.2.3.6.2. Experimental ProtoCol.......ccccuieieciiieeciee ettt 95

2.2.4, Statistical @NAIYSIS .uviiieiiiieeicieiee e e e e e araee s 96
2.3 RESUIES ..ceeiiiiiiiiicetttrc ettt s s s s aan 96
2,300 WEIEIT ettt e s e e st e bt e e s be e e sraeeeas 96
2.3.2. LOCOMOLOT QCTIVITY it ettt ettt e e e e e e s e sbrae e et e e e e e e e e eesnnnns 98
2.3.3. FOrced SWIimMmMING TSt ...uuuiiiiieeee e i ittt e e e e e e st rrr e e e e e e e e s e e snnrraareeeeeeeeesesennnnnns 99
2.3.4. SUCrOSE PreferenCe tESE .uuviiiiii i e e e e e e e e e anees 101
R 0 1 o1 =1 T N 103
Chapter 3. Pharmacokinetics of MDMA in an animal model of depression............ 110
3.1, INErodUCHION.. ... 110
3.2. Animals and Methods ..........cceeeiiiiiiiiiiiiiiiiin s 111
32,1 ANIMAIS. ettt st st e b e st b e st ne e 111
3.2.2. Drug preparation and administration .........cccoeeciieeriiiiiee e 112

Irina Majumder, PhD thesis 2010 i



3.2.3. EXperimental ProtoCol. ... 112

3.2.4. Determination of MDMA and MDA concentrations in cortex and blood .............. 112
3.2.5. Statistical @NalYSiS....uuueeeee i 113
20 TR 2 =TV N 113
3.4. DiSCUSSION ..uuureenrnniniiniiiiiiiiiiiiisssassssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnnnns 114

Chapter 4. Effects of repeated administration of MDMA on the cortical levels of 5-HT

and 5-HIAA in an animal model of depression ........cccceceveeereereeeiereenrerreeecereeneeeennnes 116
4.1, INtroducCtion .....cccoiviiiiiiiiiiiiiiiii e 116
4.2. Animals and methods.........ccccvveeiiiiiiiiiiiiieii 118

4.2.1. Animals, drugs and experimental protocol .........cccecuiieieiiiiiiee e, 118
4.2.2. Measurement of 5-HT and 5-HIAA levels in CorteX........cccovvrnienierneeneensceneennens 118
4.2.3. Statistical @aNalySis......cuuiiiiiiieie e 119
e R =¥ | 119
L 3 T T o1 T3 ' o U 120

Chapter 5. Effects of MDMA on mood in subjects with and without a predisposition

L0 3o [T 0 =TT ' o 124
L0 T 1 o T (¥ Lot ' 124
5.2. Subjects and Methods ...t e e e e s e s a s e nees 126

oI T U] o =T RS 126
5.2.2. RECIUITMENT. ..ot e s e s e e e e 127
5.2.2.1. INCIUSION CITEIIA .eeveenrieiieiieteee ettt st sene e sne e e 128
5.2.2.2. EXCIUSION CrIt@II@. cueiiieiiiiiiieseeteete ettt e e 129
5.2.3. Study testing SCheUIE .......eviiiieeee e 130
5.2.3.1. BASEIING SESSION .. ..eiiuiiiitiieiie ittt ettt ettt et b et bee s b eneenane 130
o T A o 1 o VYY1 Lo o 131

Irina Majumder, PhD thesis 2010



5.2.4. DEMOEIraphiC data.....cccuiiiiiiiiiiiie e 132

5.2.5. Psychological @sseSSMENT ......ccooeeiiiiiiiieeec et e e e e e e e e e e e e e eanees 133
5.2.5.1. Brief Symptom INVENTOry (BSI) .......ooooiiie ittt etee e et 133
5.2.5.2. Beck Depression INVENTOry (BDI).......cccueeeiiuiieeeiie e cteee e sttee et e e evee e e e eean e s 134
5.2.5.3. Profile of M0od States (POIMS) ......cooiiiiiiieeee ettt et eeeesatraee e e e e e e e eanraeee s 135

5.2.6. MDMA and NiCOtiNG EXPOSUIE ...ccciuvriiieiiiiieeeeiitieeeesitreeeessireeesesareeeessssneeeesssnsnes 135

5.2.7. Statistical @analySis ..cccuviiiiiiiiee e e e e e e e eanees 136

L TR 20T 1 ] 1 137

5.3.1. DEMOGraphiC data.......ccuueiiiiiiiie e e e e 137

5.3.2. MDMA and NiCOtINE EXPOSUIE ....cccuuvviiireeeeeeeeeeeieiiitrreeeeeeeeeeessssnserereeeeeeessessssnnnns 142

5.3.3. Use of ecstasy and other substances at the party session........ccccccvceveeecciieeeeennen. 143

5.3.4. PSYChOIOZICAl 1ESTS .oeiiuviiiiiiciiiie ettt e e e e e e e arae e e e 144
5.3.4.1. Brief SYmMptom INVENTOIY .....oeiiiiiee ettt ae e e et e e e neae e e sneeas 144
5.3.4.2. Profile of MO STateS......ciiiiiiiiieiieiieecte ettt e 146

5.3.4.2.1. Total Mood DiStUrbance SCOTE ........cccvevuiruirienieieenee ettt e 146
5.3.4.2.2. TeNSION/ANXIETY SCAIE ...viiiiie ettt re e re e e stre e e e e sraeesaae e 147
5.3.4.2.3. Depression/Dejection SCAlE ........ccoivieierierienere ettt et 150
5.3.4.2.4. ANGEr/HOSHIlItY SCAIC....c.viieriiitiectee ettt et eare e tre e aae e saaeeeaee e 150
5.3.4.2.5. VIGOUI/ACHIVITY SCAIE ..ecuveieriiiieeeiee ettt ettt te e e e eate e sareeerae e staeenaneees 150
5.3.4.2.6. Fatigue/INertia SCaAle .......ccceeiiieeiiie ettt et et e e 151
5.3.4.2.7. Confusion/Bewilderment SCale........coceeeiieeeeeeieceeceeree et ceteeeetee e e eree s 151

5.3.4.3. Beck Depression INVENTONY .......uiiiei i iiciiiiece et e et e e e e e e e srar e e e e e e e saaaaaeee s 151
5.3.5. Correlational @analysis ........ccccuiiieiiciiiee e e 152
LT TR T ol U1 1 Ot 155

Chapter 6. Effects of MDMA on serotonergic function in users with and without a
predisposition tO dePressioN ......ccccciieeeierieeeierteeniereenseertenseereenseessensseseenseesennsssesnnes 168
6.1, INtrOdUCHION.......ciiiiiiiieeccciiiireeeeecerec e e e reeeneesse s s s e s eesssnnesssssssseseennnsssssssssnensesnnnnnnes 168

Irina Majumder, PhD thesis 2010



6.2. Subjects and MEthoOdS .........ccoiiiiiieciiiiiiiiiii s s s s s s s nnaeses 171

I T U] o<1 RS 171
6.2.2. Measurement of 5-HT and 5-HIAA levels in platelet-rich plasma (PRP)................. 171
6.2.3. Measurement of 5-HT uptake in platelet-rich plasma ........ccccocoiiiiiciiieeciiieeeen, 172
6.2.4. Determination of the 5-HT transporter gene polymorphism.........ccccccveeeiiiinenenns 173
6.2.4.1. 5-HTTLPR (Insertion/deletion) @SSaY .......c.ceceeeeiveeriueeririeeieeesireenteeesireeeaeeesaeeensveesnseeenns 173
6.2.4.2. VINTR @SSAY tettttiriirireeitieitttttttteteerurerersresesersrererererereressana.a.a.a—————————aannanannnananoassssssssasans 174
6.2.5. Statistical @NalYSiS....uueeieei i 175
6.3. RESUILS ... 175
6.3.1. 5-HT and 5-HIAA levels in platelet-rich plasma.....ccccccoooecciiiiieeeee e, 175
6.3.2. 5-HT uptake in platelet-rich plasma ........cccocivieiiiiiiii e 175
Lo T TR C1=1 g o Y/ o] [ V- OSSPSR 176
6.3.3.1. 5-HTTLPR POlYMOIPRISIM ..ceviiieiieeeciee sttt e et saee e s naeeeas 176
6.3.3.2. VNTR POIYMOIPNISI c..eiiiiiiiiee ettt ettt ettt e et e e s saee e e saae e e s saba e e s sanbeessaenneas 177
6.3.3.3. Correlational @aNalySis ..........eeiiiiiiiiiiiiie e 177

6.4. DiSCUSSION ...uurunnrnnnniiniiiiiiiiiiiiistnneiseesssessssssssssssssssssssssssesssssssssssssssssssssssssssssssssssnnnns 179

Chapter 7. Effects of MDMA on mood in ecstasy users based on their previous

eXPOoSUre t0 the drug.....cccccciieeiiiiiiiiiiiiiiiiicrr e ressesessssssesesessesssnssssennens 183
78 T 117 o e 1¥ Tt T 183
7.2. Subjects and Methods ..........cooiireeeeeeiciiiiirrecccce e ee e s e re e s e e e nne s s s s s e e e esnnnnnes 184

2 Y U ] =T o PSPPI 184
7.2.2. ANAlYSIS PrOtOCO ... uuviiieiiiiiiee ettt e e et e e e et e e e e eearaaeaeean 184
7.2.3. Statistical @NalYSiS...c.uueiiiieiiiee e e e e e e e 185
7.3 RESUILS ..o s s 186
7.3.1. DEMOEIraphiC data......cceiiiciiiie e e e e 186
2 I Y g Vo] [ 4ot | I T SRR 188

Irina Majumder, PhD thesis 2010 vi



7.3.2.1. Brief SymMpPtom INVENTOIY ...oooiiiiiiiee ettt e s saee e s sbae e e snabeeesaes 188

7.3.2.2. Beck Depression INVENTOIY.......uuiiiiieiiiiiieee e see ettt e e e st e e e e e e e svraa e e e e e e e senassreeeeas 189

7.3.2.3. Profile 0f MO STates.......c.uiiiiiiiiieiieeie ettt s s 189

7.4, DiSCUSSION .. ccuuuiiiineeiiiiineiiiieeeiierrnnsetrsssssstrssssesrssssssssmssssssssssssssssnsssssssssssssssnnsssssennes 192
Chapter 8. CONCIUSION .......ciiiiiiieuiiiiiiiiiniiiiiiienesieiiresssessssiseesssssssssresssssssssssennes 197
8.1. SUMMArY Of fINAINGS c.cceuueeiiiiiiiiiii s s s s s s s snasssans 197
8.2. Limitations of the study .........cciiieeiiiiiiiiiiieniiieecressssseese s s ssaessans 201
8.3. FULUIe dir€CtioNs .....ciiieeeiiiieiiiiiieeiiiiereicnienneereensesnennseessesnssssssnnsssssenssssssensssssennnns 204
=] =T =T Lo 207
Appendix 1. Publications in support of the thesis.....ccc.ccccceieiiimiiiiiciiiiiciinienennee. 243
LWL ] Tor 4o T 13PN 243
CONTEIENCE PAPEIS...ciieeeiriineiiiieneiititnniertenniertensestennssessensssssssensssssensssssssnsssssssnsssssssnnes 243

Irina Majumder, PhD thesis 2010 vii



List of Tables

TABLE 3.1. PHARMACOKINETIC AND METABOLIC CHARACTERISTICS OF MDMA AND MDA IN SD AND
(R 27 L 114

TABLE 5.1. DEMOGRAPHIC DATA OF SUBJECTS WITH AND WITHOUT A PREDISPOSITION TO DEPRESSION

............................................................................................................................. 138
TABLE 5.2. ECSTASY USE BY SUBJECTS WITH AND WITHOUT A PREDISPOSITION TO DEPRESSION .......... 139
TABLE 5.3. MINIMUM AND MAXIMUM VALUES FOR ECSTASY USE PARAMETERS.......ccvvvvueeeeeerennnnnnns 139
TABLE 5.4. LIFETIME AND CURRENT USE OF OTHER ILLICIT DRUGS BY SUBJECTS WITH AND WITHOUT A

PREDISPOSITION TO DEPRESSION ...eeetieteiereeeeeeterernteressenenesessssseeeseereeemesemessssnssnsssssssssseeees 140
TABLE 5.5. BRIEF SYMPTOM INVENTORY T-SCORES ....ceetttrerererurunnnnnnnaneseeeerereneeememesmsmnsensnnsnnnns 145

TABLE 7.1. DEMOGRAPHIC DATA DISTRIBUTION BETWEEN GROUPS WITH DIFFERENT ECSTASY EXPOSURE

TABLE 7.2. BSI T-SCORES REPORTED BY ECSTASY USERS WITH DIFFERENT EXPOSURE TO THE DRUG...... 188

Irina Majumder, PhD thesis 2010 viii



List of Figures

FIGURE 1.1 CHEMICAL STRUCTURES OF AMPHETAMINE, METHAMPHETAMINE, MDMA AND MESCALINE 1
FIGURE 1.2. METABOLIC PATHWAYS OF MIDIMIA ..ottt sttt s e e eenai e e eeees 9
FIGURE 2.1. MEAN WEIGHT OF SD AND FSL RATS IN TREATMENT GROUPS THROUGHOUT THE
EXPERIMENTAL PERIOD c.uuuttttuetiettueettniseeetusetsueeeetneseensnsesesnssesenssensnsseenssseesenseensnsssennnns 97
FIGURE 2.2. MEAN TOTAL PEAK AREAS FOR THE LOCOMOTOR ACTIVITY TIME-RESPONSE CURVES OF SD
AND FSL RATS IN THE SALINE, MDMA10 AND METH2 TREATMENT GROUPS AFTER DRUG
ADMINISTRATION 1. etuutettusetuuuesettuseetunsetsnssersuserenssensnsseeesnsensnseeessneensnansenssneesenssensnnns 98

FIGURE 2.3. TOTAL IMMOBILITY TIME IN THE FST AFTER ACUTE AND REPEATED DRUG ADMINISTRATION

FIGURE 2.4. CONSUMPTION OF THE 32% SUCROSE SOLUTION BY SD AND FSL RATS IN THE SALINE,
MDMAS, MDMA10 AND METH2 TREATMENT GROUPS ...cvvvvniririneerinnererineersnnerssnnnerens 102
FIGURE 3.1. MDMA AND MDA CONCENTRATIONS IN CORTEX AND WHOLE BLOOD SAMPLES IN SD AND
FSL RATS ettt e s a e 113
FIGURE 4.1. 5-HT AND 5-HIAA LEVELS IN THE CORTEX OF SD AND FSL RATS AFTER THREE WEEKS OF
TREATIVIENT 1euettttttttteteeteestss i br ettt e s teeaess s s s s s bbb b ae e e e e e s esassssessanssssannsrnns 120
FIGURE 5.1. BRIEF SYMPTOM INVENTORY RESULTS....ccieiinennrinnittiieteeteneneenesesiesnsssnsessessseseeses 144

FIGURE 5.2. PROFILE OF MOOD STATES TOTAL MOOD DISTURBANCE SCORES AT THE BASELINE AND

PARTY SESSIONS ..uuuettettuuuueseereeruuneeeesusuasseeseessasseeeseessnssesssssssssesesssssnnsseeesssssnnseseesnns 147
FIGURE 5.3. PROFILE OF MOOD STATE SCALES SCORES AT THE BASELINE SESSION.....cccvvuueeeerrernnnnn. 148
FIGURE 5.4. PROFILE OF MOOD STATE SCALES SCORES AT THE PARTY SESSION ....uueveerririnneeeernennnns 149
FIGURE 5.5. BECK DEPRESSION INVENTORY SCORES....uutteerttutiseeeereesuneneseesnnnesesessssnnnesesssnssnnnns 152

Irina Majumder, PhD thesis 2010



FIGURE 6.1. THE 5-HT UPTAKE IN PLATELETS IN SUBJECTS WITH AND WITHOUT A PREDISPOSITION TO
DEPRESSION 1tuutettuettttuesetuuueeesuestennssensnsseensnssersnssseessnssessssensssseessneenssssensnnsssnessensnnns 176

FIGURE 7.1. PROFILE OF MOOD STATES TOTAL MOOD DISTURBANCE SCORES IN THE GROUPS WITH
DIFFERENT ECSTASY EXPOSURE ..ueeereeiieiereeteretenerernrensnesessssesseseseereresssenessnssssssnssssssssseees 190

FIGURE 7.2. PROFILE OF MOOD STATES DEPRESSION/DEJECTION SCORES IN THE GROUPS WITH DIFFERENT

O N 210 LY U S 191

Irina Majumder, PhD thesis 2010



Abstract

3,4-methylenedioxymethamphetamine (MDMA, ecstasy) is a popular club drug that is
abused worldwide. The main subjective effects of the drug include enhanced mood
and self-esteem. Due to these effects, ecstasy may be used at higher rates by people
with pre-existing mood disorders, or a predisposition to depression, in order to ‘self-
medicate’ their state. This, in turn, may lead to more regular drug use, and, hence, a
higher risk of side effects and negative impact on health. Moreover, some mechanisms
of MDMA action in the brain are similar to those of clinically prescribed
antidepressants, as the drug primarily affects the serotonin (5-HT) system. This

suggests that the drug may have antidepressant-like activity.

The studies reported here, both preclinical and clinical, were designed to investigate
possible antidepressant-like effects of MDMA in subjects with a predisposition to

depression.

In the animal study, the effects of MDMA following single and repeated administration
were compared between Sprague-Dawley and the Flinders Sensitive Line rat strains,
the latter being a putative model of depression. The drug’s effects on behaviour were
assessed in the Forced Swimming Test, which is widely used to detect the depressive-
like state in laboratory animals. Acute MDMA administration had a dose-dependent
antidepressant-like effect that was more evident in the Flinders Sensitive Line animals.
This effect was diminished following 3 weeks of repeated drug injection, possibly due
to the development of tolerance. The chosen dosing regime didn’t affect the cortical

levels of 5-HT and its metabolite.
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40 current ecstasy users participated in the clinical study. Predisposition to depression
was assessed using a questionnaire (Brief Symptom Inventory) that determines the
rates of distress in various psychological spheres. Mood scores and depressive
symptoms were assessed when participants were drug-free and when they attended a
social gathering. Twenty participants, with and without a predisposition to depression,
who voluntarily chose to take a pill at a social gathering, were assessed 1 hour after
drug consumption, and the mood disturbance and depressive symptoms were
compared with participants who abstained from pill consumption. Ecstasy users with a
predisposition to depression reported higher mood disturbance and more prominent
depressive symptoms when they were not under the influence of the drug. At the
party, mood was improved in all participants irrespective of whether they chose to
consume a pill, whereas subjects predisposed to depression reported a relative
decrease in depressive symptoms only after pill consumption, which may be
considered as an antidepressant-like effect of the drug. Certain variants of the 5-HT

transporter gene polymorphism were associated with higher depressive scores.

Analysis of the effects of different previous ecstasy exposure revealed that subjects
with a greater number of pills consumed in their lifetime report more prominent
positive effects following ecstasy consumption, which may explain their more frequent

use.

In sum, an immediate antidepressant-like effect of MDMA was evident both in an
animal model of depression and in users predisposed to depression. This may suggest

the self-medicating potential of MDMA in subjects with a predisposition to depression.
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