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Abstract t 
BackgroundBackground - 3,4-Methylenedioxymethamphetamine 
(MDMAA or "Ecstasy") is a popular recreational drug 
thatt has been shown to damage brain serotonin {5-
HT)) neurons in humans when used in high dosages. 
Too date, effects of moderate MDMA use on 5-HT neur-
onss have not been studied. Furthermore, gender diffe-
rencess and the long-term effects of MDMA use on 5-
HTT neurons have not been identified. In the present 
studyy we investigated the effects of moderate and 
heavyy MDMA use, gender differences and long-term 
effectss of MDMA use on 5-HT neurons in different 
brainn regions. Methods - Fifteen moderate MDMA 
users,, 23 heavy MDMA users, 16 ex-MDMA users who 
hadd stopped using MDMA for more than 1 year, and 
155 controls who claimed never to have used MDMA 
weree enrolled. The effects of MDMA on brain 5-HT 
neuronss was studied using [,13l]p-CIT single photon 
emissionn computed tomography (SPECT) by quantifi-
cationn of brain 5-HT transporter densities. Findings -
Significantt effects of group and group by gender 
(mixedd linear methodology; p = 0.041 and p = 0.022, 
respectively)) on overall [,IJl]j}-CIT binding ratios were 
observed.. In female, but not in male heavy MDMA 
users,, significant decreases in overall binding ratios 
weree observed (p = 0.000, and 0.587, respectively). 
Lowerr binding ratios were observed in the parieto-
occipitall cortex and occipital cortex of female modera-
tee MDMA users, which did not reach statistical signifi-
cancee (p = 0.102, and 0.096, respectively). In female 
ex-MDMAA users, overall 5-HT transporter binding was 
significantlyy increased when compared to heavy 
MDMAA users {p = 0.004), but not when compared to 
controlss (p = 0.524). However, 5-HT transporter bin-
dingg in the parieto-occipital cortex (p = 0.059) and 
occipitall cortex (p = 0.096) of female ex-MDMA users 
tendedd to be decreased when compared to controls. 
InterpretationInterpretation - Evidence is provided that heavy use of 
MDMAA is associated with neurotoxic effects on 5-HT 
neuronss in several 5-HT rich brain regions. Our data 
suggestt that females may be more susceptible than 
maless to the neurotoxic effects of MDMA, and that 
MDMA-inducedd neurotoxic changes in most, but not 
ail,, brain regions of female ex-M DMA users may be 
reversible.. Furthermore, our findings suggest a trend 
thatt moderate MDMA use may lead to neurotoxic 
changess in the parieto-occipital cortex and occipital 
cortex,, brain regions which seem to be particularly 
sensitivee to MDMA's effects. 

Introduction n 
3,4-Methylenedioxymethamphetaminee MDMA 

Partt II I Biological markers of neuronal loss 

("Ecstasy")) is an amphetamine congener that has gai-
nedd significant popularity as a recreational drug. 
However,, the perceived safety of MDMA is at odds 
withh animal evidence of MDMA neurotoxicity. 
Damagee to 5-HT neurons in animals has been demon-
stratedd by reductions in various markers unique to 5-
HTT axons, including brain 5-HT, 5-hydroxyindoleacetic 
acidd (5-HIAA), and the density of 5-HT transporters 
(Stonee etal., 1986; Schmidt etal., 1987; Battaglia et 
al.,, 1987; Ricaurteet al., 1988; 1992). Since the plasma 
membranee 5-HT transporter is located on the pre-
synapticc terminal of the 5-HT neuron, it is considered 
too be a reliable marker of 5-HT neurotoxic changes. 
Recentt positron emission tomography (PET) and 
singlee photon emission computed tomography 
(SPECT)) studies have shown decreases in the number 
off central 5-HTtransporters in MDMA-treated prima-
tess and human MDMA-users (McCann etal., 1998; 
Scheffell et al., 1998; Sempleetal., 1999). 

Too date, neuroimaging studies have demonstra-
tedd dose-related decreases in central 5-HT neurons in 
heavyy MDMA users (McCann et al., 1998; Scheffel et 
al.,, 1998; Semple etal., 1999). It is unclear, however, 
whetherr moderate use of M DMA can produce these 
changess (Boot et al., 2000), It is not known whether a 
'noo observed adverse effect level' for MDMA exists, 
whichh would mean that there is a threshold dose 
abovee which neurotoxicity may become likely. 
Furthermore,, gender differences in the susceptibility 
too the neurotoxic effects of MDMA have not been stu-
diedd directly. However, a recent study suggested a 
moree pronounced subjective response to MDMA in 
femaless compared to males (Liechti et al., 2001). In 
addition,, McCann and co-workers observed greater 
reductionss in 5-HIAA in female than in male MDMA 
userss (McCann et al., 1994) suggesting that females 
mayy be more susceptible than males to the neurotoxic 
effectss of MDMA. Finally, while the short-term neuro-
toxicc effects of MDMA on 5-HT neurons have been 
studiedd extensively, little is known about the long-term 
effectss on the human brain (Boot et al., 2000). 
Studiess in non-human primates have shown that up 
too seven years after treatment with M DMA some 
brainn regions remain denervated while others show 
evidencee of complete recovery (Fischer et al., 1995; 
Hatzidimitriouu et al., 1999). It still remains to be esta-
blishedd what the fate of brain 5-HT neurons after 
MDMAA injury is in the human brain. This is of consi-
derablee interest since irreversible loss of 5-HT neur-
onss can be responsible for an immediate or delayed 
onsett of neuropsychiatry disorders in which 5-HT has 
beenn implicated. Specifically, 5-HT imbalance has 
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beenn postulated to underlie psychiatric disorders 
includingg depression, anxiety, panic disorder, and dis-
orderss of impulse control. In line with this, there have 
beenn many case reports of neuropsychiatry sequelae 
afterr MDMA use, including paranoid psychosis, anxie-
ty,, depression and panic disorder (Hegadoren et ai., 
1998;; Schifano et al., 1998). 

Thee development of'!3iodine-2(3-carbomethoxy-
3b-(4-iodophenyl)tropanee (p-CIT), a radioligand which 
bindss with high affinity to both dopamine and 5-HT 
transporters,, has made it possible to assess the den-
sityy of 5-HT transporters in the living human brain, 
usingg SPECT (Lamelle et al., 1994; Pirkeret al., 1995). 
P-CITT hass been shown to adequately detect changes in 
corticall as well as subcortical 5-HT transporter densi-
tiess secondary to 5-HT neurotoxicity (Scheffel et al., 
1992;; Fardeet al., 1994; Lewet al,, 1996). 

Thiss study investigated the effects of moderate 
andd heavy M DMA use on the density of the [123l]fj-CIT 
labeledd 5-HT transporters. Furthermore, possible dif-
ferencess between males and females in the effects of 
MDMAA exposure, and the effects of long-term absten-
tionn from MDMA use on f^lJp-CIT labeled 5-HT trans-
porterss were analyzed. 

Methods s 
Participants Participants 
Threee different groups of ecstasy users were compared 
withh ecstasy-naive but drug using controls. Subjects 
weree recruited with flyers distributed at venues asso-
ciatedd with the "rave scene" in Amsterdam with the 
helpp of UNITY, an agency which provides harm reduc-
tionn information and advice. Experimental and control 
groupss were thus recruited from the same community 
sources.. Subjects selected were matched for gender 
andd age, between 18 and 45 years, otherwise healthy, 
andd with no psychiatric history. Three different groups 
off ecstasy users were recruited: 15 moderate ecstasy 
userss {"MDMA group"), 23 heavy ecstasy users 
{"MDMA++ group"), and 16 ex-ecstasy users ("ex-
MDMAA group"). The eligibility criterion for the MDMA 
groupp was previous use of maximum 50 tablets of 
ecstasy,, whereas the MDMA+ group had to have used 
att least 50 tablets prior to the study. The ex-MDMA 
groupp had to have taken a minimum of 50 tablets but 
stoppedd using ecstasy for at least i year prior to the 
study.. The cut-off point of 50 lifetime tablets was based 
onn previous findings of increased risk of developing 
psychiatricc disturbances in people with a lifetime con-
sumptionn of 50 or more MDMA tablets (Schifano et 
al.,, 1994). The 15 controls were healthy subjects with 
noo self-reported prior use of ecstasy. 

Participantss agreed to abstain from use of all psycho-
activee drugs for at least 3 weeks before the study, and 
weree asked to undergo urine drug screening (with an 
enzyme-muitipliedd immunoassay for amphetamines, 
barbiturates,, benzodiazepine metabolites, cocaine 
metabolite,, opiates, and marijuana) before enrol-
ment.. Subjects were interviewed with a fully structu-
redd computer assisted diagnostic psychiatric inter-
vieww (Composite International Diagnostic Interview: 
GDI ,, version 2.1) to screen for current axis I psychia-
tricc diagnoses. After testing urine samples, exclusion 
criteriaa were: a positive drug screen; pregnancy; a 
severee medical or neuropsychiatric illness that preclu-
dedd informed consent, and use of medication with 
affinityy for the 5-HT transporter (e.g. 5-HT re-uptake 
inhibitors)) that could compete for [12MJP-CIT binding. 
Furthermore,, the Dutch version of National Adult 
ReadingTestt (NART) (Nelson 1991) was administered 
ass an estimate ofverbal intelligence (DART-IQ). 
Writtenn informed consent was obtained from all parti-
cipants.. The institutional Medical Ethics Committee 
approvedd the study. 

imaging imaging 
Thee subjects in each group were examined using 
SPECTT with the 5-HT transporter ligand ,i3l-labelled 
2P-carbomethoxy-3p-(4-iodophenyl)) tropane ([,I3l](i-
CIT).. ,sM-labelled p-CIT was prepared by oxidative 
radioiododestannylationn of its corresponding trim-
ethylstannyll precursor (obtained from Research 
Btochemicalss International; Natick, Mass., USA) by 
thee Radionuclide Center, Vrije Universiteit, 
Amsterdam,, the Netherlands. Radiolabeling and 
HPLCC purification yielded the tracer at high radioche-
micall purity (> 99,0%) and high specific activity 
(( > 185 GBq/mmol or > 5,000 Ci/mmol). Potassium 
iodidee was used to block thyroid uptake of free radio-
activee iodide. 

SPECTT studies were acquired in all subjects with 
aa brain dedicated SPECT system (Strichman Medical 
Equipmentt 810X, Strichman Medical Equipment Inc., 
Medfield,, Mass., USA). This 12-detector single-slice 
scannerr has a full width at half maximum (FWHM) 
resolutionn of approximately 7.5 mm. Trans-axial slices 
parallell to and upward in 5 mm steps from the orbito-
meatall (OM) line to the vertex were acquired after 
positioningg of the subject in the camera with a fixed 
lightt source oriented along the OM line. Each acquisi-
tionn consisted of approximately 15 slices, (acquired in a 
644 x 64 matrix) with 3 minutes scanning time per slice. 
Thee energy window was set at 135-190 keV. Acquisition 
wass commenced 4 h after iv. injection of approximately 
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1400 MBq [13!I}P-CIT, a time when specific binding to 5-
HTT transporters is at a maximum and stable for up to 
ï o hh after injection.(Pirkeret a!., 2000). Reconstruc-
tionn and attenuation correction of all images were per-
formedd as earlier described (Booij et al., 1999). 

Densityy {mean counts per pixel) for the different 
regions-of-interestt (ROIs) were calculated by an inves-
tigatorr unaware of the participant's history. We carried 
outt the ROI analysis using a standard template con-
structedd manually from co-registered MR images in 4 
controll subjects. ROIs were the midbrain, thalamus, 
frontall cortex, temporal cortex, parietooccipital cor-
tex,, and occipital cortex. The template, including ROIs 
forthee frontal cortex, temporal cortex, parieto-occipi-
tall cortex, occipital cortex, and thalamus was placed 
onn three consecutive SPECT slices, demonstrating 
bestt visualization of the striatum (typically 30 mm 
abovee the OM line). An additional template was con-
structedd with an ROI forthe midbrain and cerebellum. 
Thee binding in the cerebellum, presumed free from 5-
HTT transporters, was used as a reference for backg-
roundd radioactivity (non-specific binding + free 
ligand).. The ratios of (li3l]|3-CIT binding were calculated 
byy dividing ROI binding by binding in the cerebellum. 

Statistics s 
CharacteristicsCharacteristics of the sample 
Differencess in continuous variables (log transformed 
iff necessary) between the four groups were analyzed 
usingg a two way analysis of variance with group and 
genderr as factors. Differences in the prevalence of 
depressedd subjects between the four different groups 
underr study were investigated using the Chi-square 
test. . 

Ejectss of MDMA use on SPECT measures 
Too analyze the [1I3l]p-CIT binding ratios at six different 
brainn regions simultaneously, a mixed linear model 
wass tested. Mixed model methodology has the advan-
tagee that all data can be analyzed simultaneously 
takingg into account both within and between subject 
variationss and the possibility to identify interaction 
effectss and confounders including direct estimates of 
thee effect sizes. Using this analysis, the correlations 
(covariancee structure) between binding ratios in diffe-
rentt brain regions within the same individual were 
measured.. No mathematical pattern was imposed on 
thee covariance structure within the same individual 
(unstructured). . 

Too answer our research questions, our basic 

TableTable 1. Demographics, prevalence of current depression and other recreational drug exposure 

Controlss (0 = 15) 

Malee Female 
n = 77 « = 8 

MDMAA (n = 15) 
Malee Female 
n = gg n=6 

MDMA++ (n = 23) 

Malee Female 

ex-MDMAA (n = 16} 

Malee Female 

n = 88 n = 8 
groupp gender 

Agee (yean) 29.3(6.9) 23.3(1.3) 25.6(7.5) 22.7(2.8) 27.1(6.0) 25.0(4.1) 26.4(6.2) 24.1(4.7) O.63 O.02 

DART-IQ** 104.7(6.2)106.9(7.4} 111.2(11.5)112.2(8.1) 106.0(9.0} 104.5(8.4) 105.9(11.8)102.0(7.7) o.io 0.73 

Currentt depression 

(no.subjectt)(no.subjectt) - 2 1 2 2 2 1 3 0.86s 

AlcoholAlcohol and other recreational drug use: 

Alcohol l 

(no.(no. alcoholic 

consumption/week)consumption/week) 14.1(12.8) 7-1(74) 18.2(14.8} 5.3(3.2) 13.0(8.2) 5.8(3.5) 4.5(3.9) 7-9(54) 0.14 O.OO 

Tobacco o 

(cig./day)(cig./day) 9-5(3-3) 10.3(6.1) 11.0(6.5) 9-4(9-2) 12.4(13.0) 6.0(7.1) 11.8(8.5) i3-3<8-6) 047 0.21 

Lastt 3 months use of; 

Cannabis s 

(nojoints)(nojoints) 2.3(0.6) 4-5(5-0) 68.1(6.5) 31.8(51.6) 94.6(153.0) 67.5(101.9) 73.1(110.4) 196.3(369-3) O.37 O.23 

Amphetamine e 

(no.(no. times used) - - 04(0 .8) - 3-8(7-4) 3.6(5.5) - - 0.O4 O.80 

Usuall dose 

amphetaminee (g) - - 0.3(0.2) 0.1(0.1) 0.4(0.3) 0.3(0.3) 0.7(04) 1.0(0.8) 0.07 0.83 

Cocainee - - 1.2 (1.1) - 42(28) 44(34) - - 0 0 9 0.74 

Twoo way analysis of variance 
'DART-Dutchh Adult Reading Test 
11 Chi-square test 
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TableTable 2. Characteristics, of MDMA use 

Durationn of use (years) 

Usuall dose (tablets) 

Lifetimee dose (tablets) 

Lifee time dose (tablets/weight in 

Timee since last tablet (months) 

Durationn of use (years) 

Usuall dose (tablets) 

Lifetimee dose (tablets) 

h) h) 

Average e 

(SD) ) 

MDMA(nn = 

4.1(2.6) ) 

1.4(0.5) ) 

28.6(17.8) ) 

0.4(0.2) ) 

3-6(5-9) ) 

Ex-MDMA A 

4.6(2.6) ) 

2.1(1.0) ) 

268.1(614.3) ) 

Female-male e 

differencee [95% CI) 

15) ) 
-i.2[-4.2;i.7] ] 

4.2[-56.7;65.i] ] 

-2.i[-23.i;i8.8) ) 

0.11 [-0.2:0.4] 

- i .6[[ -8.5:5-3] 

nn = i6) 

i.2[-i.7;4.o] ] 

o.2[-o.9;i.2] ] 

282.4[-38o.o:9447] ] 

P P 

0.38 8 

0.89 9 

0.83 3 

0.66 6 

0.62 2 

0.39 9 

0.76 6 

0.38 8 

Average e 

(SD) ) 

4.6(2.1) ) 

2.2(0.7) ) 
530.0(621.1 1 

6.4(8.0) ) 

2-3(2-4) ) 

Female-male e 

differencee [95% CI] 

MDMA+(nn = 23) 

-i.8[-4.i;o.5] ] 

-o.8[-i.3;-o.3] ] 

-630.8[-i i02.6;-i59.o] ] 

-7-i[-i3-8;-o.35] ] 

0-7[-ii -4:27] 

P P 

0.12 2 

0.00 0 

0.01 1 

0.06 6 

0.52 2 

Lifee time dose (tablets/weight in I 

Timee since last tablet (months) 
1.8(1.3)) -0.2[-l.7;l.3] 
29.00 (20.4) —i6.i[—36.7:4.6] 

mode ll inc luded brain region (6 levels), g roup (4 

levels),, gender (2 levels), the in terac t ion te rm 

betweenn group and gender, and the interact ion 

betweenn group and brain reg ion. We extended the 

mode ll by inc lud ing several potent ia l con founders , 

i nc lud ingg the presence o f depress ion ( two levels) and 

agee (con t inuous) , to de te rm ine whether a mean ing fu l 

changee in results occur red. From the final mixed 

m o d e l ,, we quant i f ied the effect o f M D M A on b ind ing 

rat ioo in relevant (sub)groups . 

Thee relation between overall [ ,2 ! l ]p-CIT b inding 

ratioss and extent o f previous M D M A use was assessed 

usingg Spearman's correlat ion coefficient. Power analy-

siss was carried out es t imat ing the cohor t size in males 

andd females to demonst ra te a signif icant effect o f heavy 

MM D M A use on mean 5-HT transporter b ind ing. Data are 

presentedd as overall tests of signif icance and differences 

inn means with 95% confidence intervals. P-values below 

0.055 were considered signif icant. All mixed models were 

donee in SAS 6.12 using the proc mixed procedure. 

Results s 
CharacteristicsCharacteristics of the sample 

N oo dif ferences between the four di f ferent groups 

underr study w i th regard to age, verbal intel l igence and 

usee o f a lcohol , tobacco and cannabis were observed 

(Tablee 1). M D M A users repor ted more a m p h e t a m i n e 

andd cocaine use than cont ro ls (Table 1). The four 

g roupss under study did not di f fer in the percentage o f 

subjectss suf fer ing f r o m cur rent depress ion (p = 0 .864; 

Tablee 1). Males were on average 3.1 years older [95% 

CI:: 0 .6 ; 5.6] than females and on average consumed 

7.77 m o r e uni ts o f a lcohol per week [95% CI: 3.7; 11.8] 

thann females, except for the e x - M D M A group. 

Apar tt f r o m ant ic ipated di f ferences between 

groupss due to inc lus ion cr i ter ia, males in the M D M A + 

g roupp had used, on average, signif icantly more 

M D M AA tablets than the females in the M D M A + subg-

roupp (p = 0 .01 , Table 2). In add i t i on , the usual dose 

andd total a m o u n t o f M D M A tablets taken, expressed 

perr kg body weight , was higher in the male M D M A + 

subgroupp c o m p a r e d to the female M D M A + subgroup 

(pp = 0 . 0 0 , and 0 .06 , respectively, Table 2). 

EffectsEffects of MDMA use on 5PECT measurements 

Meann [ ,2M]p-CIT b ind ing rat ios for the di f ferent g roups 

andd brain regions are shown in Figure 1. 

Inn the mixed l inear m o d e l , the overall tests for 

g roupp and g r o u p by gender were signi f icant, indica-

t i ngg a s igni f icant overall effect o f M D M A use on b in-

d ingg rat ios wh ich was s igni f icant ly di f ferent for males 

2 2 

i-55 " 

ll -

0.55 -

I I 
9 9 « « 2 2 

Control l MDMAA MDMA+ ex-MDMA 

FigureFigure 1. Mean  overall {" I] ji-QT binding ratios for different 

subgroupssubgroups of MDMA users and controls. Open circles: males, closed 

circles:circles: females. 
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TableTable 3. Results from the linear mixed model analyses off'tyP-CIT binding ratios 

OverallOverall fixed effects Croup Gender Group x gender Brain region Croup x brain region 

pp value 0.041 0.487 0.022 0.000 0.124 

DifferenceDifference in overall fljfi-CIT binding ratios 

Maless Females 
Meann (95% CI] p Mean [95% CI] p 

Controll vs MDMA 

Controll vs MDMA" 

MDMAvss MDMA-

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

0 , 0 4 0 0 

0 .025 5 

- 0 . 0 1 5 5 

- 0 . 0 1 8 8 

- 0 . 0 4 4 

- 0 . 0 6 11 ;o . 142] 

-0 .06710.117] ] 

- 0 . 1 0 6 : 0 . 0 7 5 ] ] 

-o.n8;o.o82] ] 

-0 .13210.046] ] 

0 .428 8 

0.587 7 

0-737 7 

0.723 3 

9 9 

0 .058 8 

0 .168 8 

0.110 0 

0 .031 1 

-0 .137 7 

[ - 0 . 0 4 6 : 0 . 1 6 2 ] ] 

[0 .078:0 .259] ] 

[ 0 .014 :0 .207 ] ] 

[ - 0 . 067 :0 .129 ] ] 

[ - 0 . 2 2 7 ; - o . O 4 6 ] ] 

0 . 2 6 9 9 

0 . 0 0 0 0 

0 . 0 2 6 6 

0 .524 4 

0 . 0 0 4 4 

TableTable 4. Difference in regional ['!;lj(i-CIT binding ratios 

Brainn region 
Maless Females 
Meann [95% CI} p Mean [95% CI] p 

Midbrain n 
Controll vs MDMA 

Controll vs MDMA* 

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

Thalamus s 
Controll vs MDMA 

Controll vs MDMA-

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

Frontall cortex 
Controll vs MDMA 

Controll vs MDMA-

Controll vs ex-M DMA 

MDMA+vss ex-MDMA 

Temporall cortex 

Controll vs MDMA 

Controll vs MDMA-

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

Parieto-occipitall cortex 

Controll vs MDMA 

Controll vs MDMA* 

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

Occipitall cortex 

Controll vs MDMA 

Controll vs MDMA' 

Controll vs ex-MDMA 

MDMA+vss ex-MDMA 

0.073 3 

o.on n 

- 0 . 0 1 9 9 

- 0 , 0 3 0 0 

0 .026 6 

0.078 8 

- 0 . 0 9 5 5 

-0 .174 4 

0 .022 2 

0 .005 5 

- 0 . 0 0 1 1 

- 0 . 0 0 6 6 

- 0 . 0 0 3 3 

- 0 . 0 0 9 9 

-0 .051 1 

- 0 . 0 4 2 2 

0 . 0 6 0 0 

0.034 4 

0.035 5 

O.OOl l 

0.065 5 

0.032 2 

0,025 5 

- 0 . 0 0 6 6 

[ -0 ,061:0 .207] ] 

[-0.110:0.132] ] 

[-0.151:0.112] ] 

[ -0 .148:0.087] ] 

[ -0 .198:0 .249] ] 

[ -0.122:0.278] ] 

[-0,312:0.121] ] 

[ -0 .369 :0 .022] ] 

[ -0 .062 :0 .106] ] 

[ -0 .072 :0 .082] ] 

[ -0 .085:0 .082] ] 

[ - 0 , 0 8 0 ;; 0 .06 8] 

[ -0.146:0.140] ] 

[-0.138:0.120] ] 

[ -0 .191:0.089] ] 

[ -0 .168:0.083] ] 

[-0.031:0.151] ] 

[ -0.048:0.117] ] 

[-0.055:0.125] ] 

[ -0 .079:0 .081] ] 

[ -0.030:0.159] ] 

[-0.054:0.118] ] 

[-O.o68;o.n8] ] 

[o.o77;-o.o8g] ] 

0 .280 0 

0.857 7 

0.767 7 

0 .607 7 

0.819 9 

0.438 8 

0.382 2 

0.503 3 

0 .607 7 

0 .901 1 

0.977 7 

0.872 2 

0.972 2 

0 . 8 9 0 0 

0 . 4 6 6 6 

0.503 3 

0.120 0 

0.411 1 

0 .439 9 

0.985 5 

0.176 6 

0,464 4 

0,589 9 

0 .880 0 

0 .091 1 

0.154 4 

0 ,030 0 

- 0 . 1 2 4 4 

0 .043 3 

0.221 1 

- 0 . 0 4 6 6 

- 0 . 2 6 8 8 

0 .039 9 

0.148 8 

0 .048 8 

- 0 . 1 0 0 0 

0.015 5 

0,134 4 

- 0 , 0 0 2 2 

-0 .136 6 

0 .078 8 

0.177 7 

0 . 0 8 4 4 

- 0 . 0 9 3 3 

0 .082 2 

0.175 5 

0.075 5 

- 0 . 1 0 0 0 

[ -0 .045:0 .227] ] 

[0.034:0.274] ] 

[ -0.100:0.159] ] 

[-o.243;-o.oo6] ] 

[ -0.181:0.268] ] 

[0.022:0.421] ] 

[ -0 .262:0.170] ] 

[-o.464;-o.07i] ] 

[ -0 ,048 :0 .126] ] 

[0.073:0.223] ] 

[ -0,033:0.129] ] 

[-0,1751-0.025] ] 

[ - 0 .130 :0160 ] ] 

[0 .006:0 .262] ] 

[ -0.140:0.136] ] 

[ - o . 2 6 2 i - o . 0 1 0 ] ] 

[-0.016:0.171] ] 

[0 .096:0.259] ] 

[ -0.003:0.172] ] 

[-o.i74;-o.oi3] ] 

[-0.015:0.179] ] 

[ 0 .090 :0 .260 ] ] 

[ -0.017:0.165] ] 

[ -0 .184 ; -0 .016 ] ] 

0.188 8 

0.013 3 

0 .649 9 

0 . 0 4 0 0 

0 .702 2 

0 ,030 0 

0 . 6 7 0 0 

0 . 0 0 8 8 

0.371 1 

0 . 0 0 0 0 

0.241 1 

0 .010 0 

0.836 6 

0 . 0 4 0 0 

0 .976 6 

0 .034 4 

0.102 2 

O.OOO O 

O.O59 9 

O.O24 4 

O.096 6 

O.OOO O 

0.1O7 7 

0.O2O O 

53 3 

http://-o.262i-o.010


I n v e s t i g a t i n gg t h e p o t e n t i a l n e u r o t o x i c i t y o f Ecstacy ( M D M A ) : An i m a g i n g a p p r o a c h 

andd females (Table 3). Therefore, we presented the dif-

ferencee between various groups for males and fema-

less separately (Tables 3 and 4) . 

Overa l l ,, ['2SI]P-CIT b ind ing rat ios were s igni f icant ly 

decreasedd in female, bu t no t male, heavy M D M A 

userss (Figure 2; Table 3), suggest ing s t ronger effects 

o ff M D M A exposure on 5-HT neurons in females than 

inn males. The overall effect o f brain region was h ighly 

s ign i f icantt (p = 0 .000 ) w i th the corre lat ions between 

thee di f ferent bra in regions rang ing f r o m 0.22 to 0.92. 

W h e nn analyz ing the di f ferent brain regions separately 

(Tablee 4 ) , [ ,2 ' I]P-CIT b ind ing rat ios were s igni f icant ly 

lowerr in all brain regions s tud ied o f female, bu t no t 

male ,, heavy M D M A users when compared to con-

t ro ls . . 

Inn female, nor in male modera te M D M A users 

weree [ ,23 l ]p-CIT b ind ing rat ios signi f icant ly d i f ferent 

whenn compared to cont ro ls (Table 3), sugges t ing no 

effectss o f modera te M D M A exposure on [ ,2M]P-CIT 

b ind ingg rat ios. However, a t rend o f decreased [12JI]P-

CITT b ind ing was observed in the par ieto-occip i ta l cor-

texx (p = 0.102) and occipi ta l cortex (p = 0 .096) o f 

modera tee female M D M A users when compared to 

con t ro ls . . 

Overal l ,, ["'IJfJ-CIT b ind ing rat ios were s igni f icant-

lyy h igher in female ex- M D M A users compared to 

femalee M D M A + users (p = 0 . 0 0 4 ) , D u t not cont ro ls (p 

== 0.524; Table 3), suggest ing reversibi l i ty o f the effects 

o ff M D M A . Simi lar observat ions were made in the 

regionall analysis (Table 4) . However, a t rend o f decre-

asedd [ ,23I]P-CIT b ind ing rat ios in the par ieto-occip i ta l 

cortexx (p = 0.059) a r | d t n e occipi ta l cortex (p = 0.107) 

o ff female e x - M D M A users was observed when 

comparedd to contro ls (Table 4 ) , possibly suggest ing 

thatt the effects o f M D M A in these part icular bra in 

regionss may be long- last ing or part ial ly reversible in 

femaless us ing M D M A . 

Thee effects o f potent ia l con founders were no t 

' .4 4 

--
.0 0 

Is s 

O
ve

ra
lll

 b
i 

0.9--

: : 

\\ ° 

—-Ut* * 

VV \ 

0 0 

0 0 

0 0 

0 0 

0 0 

11 1 
5000 1000 1500 2000 2500 3000 

Lifetimee no of MDMA tablets 

FigureFigure j. Correlation between overall

bindingbinding ratio of all brain regions studied and extent 

ofof previous MDMA use. 

Gender r 

^ M a l e e 
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signi f icantt (age: p = 0 .492 , cur rent depress ion p = 

0.539).. Inc lus ion o f t h e s e potent ia l con founders in the 

mode ll d id not change the overall effect o f g roup on 

[23 I ]P-CITT b ind ing rat ios. 

AA signi f icant corre la t ion was observed between 

overalll 5-HT t ranspor ter b ind ing (mean b ind ing rat ios 

o ff all brain regions studied) and log - t rans fo rmed 

extentt o f previous M D M A use in females but not 

maless (females: p = -0.33, p = 0 .048 ; males: p = 

+0.07,, p = 0 .699) (Figure 3; un t rans fo rmed scale). 

Discussion n 
Thee results o f the present study suggest tha t M D M A 

usee may lead to decreases in bra in 5-HT t ranspor te r 

densi t ies,, and that males and females dif fer in their 

suscept ib i l i tyy to the neurotox ic effects o f M D M A . We 

observedd that in females, use o f M D M A is associated 

FigureFigure 2.  Ijfi-CIT SPECT images of a female control subject, a female moderate MDMA user (MDMA), a female heavy MDMA user 

(MDMA+)(MDMA+) and a female ex-MDMA user (ex-MDMA). Transverse slices from the brain at the level of the midbrain. In the three images the 

levellevel of['"Ij /5-CIT activity is color encoded from low (black) to high (white) andscaledto the maximum in the slice ofthe control subject. The 

imagesimages show loss of 5-HT transporters in the midbrain of a female heavy MDMA user. 
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withh dose-related decreases in brain 5-HT transporter 
densities.. A reduction in brain 5-HT transporter densi-
tiess was also observed in males, but this was not sta-
tisticallyy significant. The use of MDMA in quantities 
thatt may be considered 'moderate' may not lead to 
reductionss in 5-HT transporter densities, although a 
trendd towards reduced 5-HT transporter densities was 
observedd in the parieto-occipital cortex and occipital 
cortexx of female MDMA users. Lastly, our data sugge-
stt that MDMA-induced decreases in 5-HT transpor-
terss may be reversible in female MDMA users, but we 
cannott rule out the possibility that they may be long-
lastingg or partially reversible in the parieto-occipital 
cortexx and occipital cortex. 

Decreasess in 5-HT transporter densities are 
thoughtt to reflect MDMA-induced brain 5-HT neuro-
toxicity,, as similar reductions have been documented 
inn rodents and primates with MDMA-induced 5-HT 
injuryy (Stone etal., 19S6; Battaglia et al., 1987; 
Comminss et al., 19S7; Schmidt et al., 1987; O'Hearn et 
al.,, 1988; Ricaurteet al., 1988; 1992; Inselet al., 1989; 
Scanzelloo et at., 1993; Fischer et al., 1995; Scheffel at 
al.,, 1998; Hatzidimitriou et al., 1999). We observed a 
trendd that while heavy M DMA use seems to be asso-
ciatedd with global decreases in 5-HT transporters, 
moderatee MDMA use may be neurotoxicc to the parie-
to-occipitall cortex and occipital cortex. Apparently, 
thesee regions are particularly sensitive to the neuro-
toxicc effects of MDMA. This finding is supported by 
studiess in MDMA-treated monkeys showing the most 
severee 5-HT depletion in the occipital cortex (Scheffel 
ett al., 1998). However, additional studies and conver-
gingg lines of evidence are needed to better delineate 
thee neurotoxic potential of moderate MDMA use in 
humans. . 

Inn the present study, females were more suscep-
tiblee than males to MDMA dose-related decreases in 
[,2'l]p-CIT-labeledd 5-HT transporters. Gender differen-
cess in the effects of MDMA exposure on 5-HT trans-
porterr binding have not been previously published 
(Semplee et al., 1999) only included male MDMA 
users,, and observed decreases in 5-HT transporter 
densitiess in posterior cortical areas. McCann and co-
workerss (McCann etal., 1998) observed global decrea-
sess in 5-HT transporter densities when investigating 
bothh male and female MDMA users. Contrary to the 
findingss by Semple, we did not observe significant 
reductionss in 5-HT transporter densities in male 
MDMAA users, though a similar trend was observed. 
Discrepanciess between Semple's study and ours may 
bee attributed in part to the fact that subjects in our 
studyy abstained from psychoactive drugs (including 

MDMA)) for at least 3 weeks, while only i week in the 
studyy by Semple. In our study, the observed gender 
differencee may have been related to inaccurate self-
reportt of MDMA use. However, the positive correla-
tionn between MDMA exposition and 5-HT transporter 
densitiess in females suggests accurate self-report of 
MM DMA use. Then why would male self-report not be 
accurate?? Secondly, the observed gender difference 
mayy be related to the fact that females, on average 
havingg a lower body weight than males, were exposed 
too higher doses of MDMA on a mg/kg basis. 
However,, on a tablet/kg basis males had a higher 
exposuree to MDMA than females (Table 2). Thirdly, 
samplee size could have contributed to the apparent 
absencee of neurotoxic effects in male MDMA users. 
However,, a power analysis demonstrated that in order 
too detect with 80% power a significant reduction in 
overalll [,J}l](i-CIT binding in heavy MDMA users, 7 
femaless and 393 males are required in each group. 
Anotherr potential explanation for the etiology of the 
observedd gender differences may be related to age. It 
iss well known that age affects 5-HT transporter densi-
tiess (Pirker et al., 2000). To that purpose, we analyzed 
ourr results with age as a potential confounder. 
However,, we did not observe a significant effect of age 
onn f,23l]fi-CIT binding ratios. Furthermore, addition of 
agee to the model did not change the overall effect of 
groupp on [,23|]p-CIT-labeled 5-HT transporters. 
Therefore,, we conclude that after accounting for the 
differencess in age, we observed an independent effect 
off gender. However, evidence is accumulating that the 
consequencess and mechanisms of MDMA (ab)use 
aree not identical in males and females. In line with our 
observations,, McCann and co-workers observed gre-
aterr reductions in 5-HIAA concentrations in the cere-
brospinall fluid of female compared to male MDMA 
userss (McCann et al., 1998). Furthermore, as pre-
viouslyy mentioned, Liechtt and co-workers recently 
reportedd more pronounced subjective responses to 
MDMAA in females than in males (Liechti et al., 2001). 
Thesee observations support the present findings that 
femaless may be more susceptible than males to the 
(neurotoxic)) effects of MDMA. Also with respect to 
otherr drugs of abuse it has been noted that the conse-
quencess and mechanisms are not identical in males 
andd females (Chang et al., 1999; Hommer et al., 
2001).. The etiology of these gender differences is unk-
nown,, but may be related to differences in innate hor-
monall profiles (Kawas et al., 1997) volume and morp-
hologyy of certain brain structures (Swaab et al., 1985} 
orr monoaminergic neurotransmission. Future studies 
inn larger experimental groups are needed to further 
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investigatee gender differences in the effects of MDMA 
exposure. . 

Ourr data also suggests reversibility of MDMA-
inducedd changes in brain 5-HT transporters in most of 
thee brain regions of female MDMA users. On the 
otherr hand, MDMA-induced lesions may be perma-
nentt in the parieto-occipital cortex and occipital cortex 
off female MDMA users, since 5-HT transporter densi-
tiess in female ex-MDMA users were below (0.084 a n d 
0.075,, respectively) age-matched controls. A similar, 
partiall reversible neurotoxic action of MDMA on the 
humann brain has been described by Gerra and co-wor-
kers,, when studying neuroendocrine responses after 
D-fenfluraminee administration {Gerra et al., 2000). 
Studiess in non-human primates show that MDMA-
inducedd changes in 5-HT terminal markers persist for 
longerr than 7 years in the neocortex, particularly the 
pyriformm and visual cortex, whereas brain regions 
proximall to the rostral raphe nuclei showed evidence 
off complete recovery. It has been shown that the dis-
tancee of the 5-HT terminal field to the rostral raphe 
nucleii influences recovery of 5-HT axons after MDMA 
injuryy (Hatzidimitriou etal., 1999), Clearly, to definiti-
velyy establish whether the presently observed changes 
inn 5-HT transporter densities in MDMA users are 
reversible,, a prospective study design would be nee-
ded.. However, since studies of MDMA in humans are 
subjectt to ethical and methodological constraints it is 
veryy difficult to perform such a study. Therefore, future 
studiess in human subjects with known MDMA-indu-
cedd neurotoxicity need to be conducted to allow 
definitee conclusions on reversibility or permanence of 
MDMA-inducedd changes in the human brain. 

Itt should be kept in mind that it is an assump-
tionn that a decrease in 5-HT transporter density direct-
lyy reflects axonal loss. Several factors, such as alloste-
ricc changes in the actual binding unit of the protein 
couldd also result in decreased binding. Nevertheless, 
itt has been shown that central 5-HT levels are also 
reducedd after MDMA treatment (Sabol etal., 1996). 
Furthermore,, correlative anatomic studies indicate 
thatt loss of pre-synaptic 5-HT transporter in MDMA-
treatedd animals is related to damage of 5-HT axons 
andd axon terminals (Battaglia et al., 1987; Commins et 
al.,, 1987; Fischer etal., 1995). 

Severall potential limitations of the current study 
shouldd be mentioned. First, we need to point out that 
givenn [ 23l]p-CIT's affinity for both 5-HT and dopamine 
transporters,, the present findings cannot be definiti-
velyy ascribed to 5-HT transporters alone. The mid-
brain,, thalamus and cortex also contain dopamine 
besidess 5-HT transporters. However, displacement 

studiess in animals have shown that binding of P-CIT is 
predominantlyy associated to 5-HT transporters in 
thesee brain regions {Scheffel et al., 1992; Fardeet al., 
1994).. Furthermore, since we did not observe differen-
cess in striatal [,:MJFJ-CIT binding ratios (obtained 24 h 
p.ii of the radiotracer) between heavy MDMA users 
andd controls we conclude that the present findings 
mostt likely reflect differences in 5-HT and not dopami-
nee transporter densities. Second, as with all retrospec-
tivee studies, there is a possibility that pre-existing dif-
ferencess between MDMA users and controls underlie 
differencess in 5-HT transporter densities. People with 
loww 5-HT transporter densities may be predisposed to 
usee MDMA and to have low brain 5-HT transporter 
densities.. Future studies taking the recently described 
functionall polymorphism in the promoter for the 5-HT 
transporterr gene into account (Lesch et al., 1996), 
couldd be of interest. Third, since [,23l]p-CIT binding 
ratioss have been shown to be reduced in drug free 
patientss suffering from depression (Malison et al., 
1998),, we can not completely rule out that the present 
findingfinding are unrelated to this disease. However, we 
observedd no significant effects of current depression 
onn [1!3l]p-CIT binding. Also, exclusion of depressed 
subjectss from our statistical analysis did not affect the 
mainn outcomes of the present study (data not 
shown),, and addition of current depression to the 
modell did not change the overall effect of group on 
[>2JljP-CITT binding. Consequently, we conclude that it 
iss unlikely that the observed reduction in [,2M]p-CIT 
labeledd 5-HT transporter densities is due to this 
potentiall confounding variable. Fourth, observed 
decreasess in brain [,!M]P-CIT labeled 5-HT transporter 
densitiess are unlikely to be due to direct pharmacolo-
gicall effects of MDMA or other drugs, since MDMA 
usingg participants reported that they had abstained 
fromm use of M DMA or other psychoactive drugs for at 
leastt 3 weeks before the study. Urine screening was 
performedd to detect concealed recent M DMA use. 
Otherr than self-report, we were not able to ensure 
abstentionn from MDMA, However, a recent survey in 
thee Netherlands investigated the validity of the drug-
historyy questionnaire that was used in this study. It 
wass found that in 93% of the cases (rr = 594) the 
reportedd use of MDMA was in agreement with the 
drug-urinee test (Van de Wijngaart et al., 1997). In futu-
ree studies, hair sample analysis would be a useful way 
too ascertain previous use of MDMA, 

Theoretically,, the presently observed changes in 
[l2'l]P-CITT binding to 5-HT transporters, could be due 
too other drugs than MDMA, since MDMA users in our 
studyy had more experience with other recreational 
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drugss (mainly amphetamine and cocaine} than con-
trols.. However, since none is a known 5-HT neuro-
toxinn in human beings, it seems unlikely that the fin-
dingss of the present study should be attributed to 
substancess otherthan MDMA. An important aspect 
off the present study is that we minimized the poten-
tiall confounding effects of psychosocial differences 
andd use of other drugs between users and controls 
influencee by studying participants from the same sub-
culture.. This differs conspicuously from most pre-
viouss studies, where controls came from a university 
orr general population. 

Inn summary, our data indicate that heavy use of 
MDMAA may be associated with neurotoxic effects on 
5-HTT neurons in 5-HT rich brain regions. Our results 

indicatee that females may be more susceptible than 
maless to the neurotoxic effects of MDMA, and that 
MDMA-inducedd neurotoxic changes in brain regions 
off female ex-MDMA users may be reversible. 
Furthermore,, our findings show a trend which sugge-
stss that moderate MDMA use may lead to neurotoxic 
changess in posterior cortical brain regions. 
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Partt II I Biological markers o f neuronal loss 

Abstract t 
BackgroundBackground - Several neuropsychiatric disorders are 
linkedd to disturbances of monoaminergic transmis-
sionn and exhibit gender differences. However, little is 
knownn about the basis of gender differences in mono-
aminergicc transmission in humans. Method - In 15 
young,, healthy human volunteers (8 females and 7 
males)) midbrain serotonin transporter (5-HTT) and 
striatall dopamine transporter (DAT) densities were 
examinedd with [,s*ljP-CIT SPECT. Data for a functional 
polymorphismm of the 5-HTT gene were also assessed. 
ResultsResults - 5-HTT and DAT densities were significantly 
higherr in females than males (p = 0.01 and p = 0.03, 
respectively).. A strong positive correlation was obser-
vedd between 5-HTT and DAT densities (p = 0.65, p < 
0.01).. 5-HTT density was not significantly associated 
withh 5-HTT genotype. Conclusion - Distinct liability for 
femaless and males to suffer from neuropsychiatry 
disorderss responding to monoaminergic agents may 
bee related to differences in brain 5-HTT and DAT den-
sities.. This study supports the view that there is a 
needd to examine gender-based treatment and preven-
tionn approaches. 

Introduction n 
Evidencee is accumulating that several neuropsychiatric 
disorders,, such as schizophrenia and drug abuse, are 
linkedd to disturbances of monoaminergic transmission 
andd exhibit gender differences. For instance, it has been 
hypothesizedd that gender differences in monoaminer-
gicc neurotransmission play a role in lower vulnerability 
too alcohol dependence in females than males. 
However,, little is known about the basis of gender diffe-
rencess in monoaminergic transmission in humans. 

Therefore,, we assessed the effect of gender on 
serotoninn transporter (5-HTT) and dopamine transpor-
terr (DAT) densities in healthy volunteers imaged with 
[,2'i][j-CITT SPECT, and analyzed the data controlling for 
thee potential confounding effects of age and 5-HTT 
genotype.. In addition, previous studies have repeatedly 
demonstratedd correlations between cerebrospinal fluid 
(CSF)) measures of the 5-HT and DA metabolites 5-
hydroxyindoleaceticc acid (5-HIAA) and homovanillic 
acidd (HVA) (Geracioti et al., 1998). These data suggest 
thatt 5-HT and DA systems are coupled in the CNS. 
Therefore,, we hypothesized that 5-HTT and DAT densi-
tiess would be associated with each other. 

Experimentall procedures 
SubjectsSubjects and genetic analysis 
Fifteenn healthy, drug-free volunteers, were enrolled 
(eightt females aged 23.3  1.3 years, range 22-26 years 

andd 7 males aged 29.3  6.9, range 23-42 years). 
Subjectss were free from any neuropsychiatric diagno-
sis,, andd underwent urine drug screening. Women 
weree scanned randomly relative to their menstrual 
cycle.. Since a genetic contribution to the expression of 
5-HTTT was recently described, in which the activity of 
thee long allele of the 5-HTT promoter region has been 
shownn to be twice that of the short allele, polymerase 
chainn reaction based genotype analysis of the 5-HTT 
genee regulatory region was performed, as described 
elsewheree (Lesch et al., 1996). Exclusion criteria were: 
aa positive urine test for psychoactive drugs, pregnan-
cy,, severe medical or neuropsychiatric illness. Written 
informedd consent was obtained from all participants. 
Thee institutional Medical Ethics Committee approved 
thee study. 

Imaging Imaging 
Subjectss underwent SPECT imaging with the 
Strichmannn Medical Equipment 8ioX tomographic 
system.. This 12-detector single-slice scanner has a 
full-widthh at half-maximum resolution of approximate-
lyy 7.5 mm. Each acquisition consisted of at least 15 sli-
cess (acquired in a 64 x 64 matrix), 3 min per slice 
(interslicee distance 5 mm). The energy window was 
sett at 135-190 keV. Subjects lay supine with the head 
parallell to the orbitomeatal line. Acquisition was star-
tedd 4 and 20 h after intravenous injection of approxi-
matelyy 140 MBq [,sM]p-CIT (specific activity > 185 
MBq/nmol;; radiochemical purity > 98%), a time when 
specificc binding to 5-HTT and DAT in the midbrain 
andd striatum, respectively, is stable. Attenuation and 
reconstructionn correction were performed as descri-
bedd elsewhere (Lavalaye et al., 2000). 

Forr binding analysis, a standard template with 
regionss of interest (ROIs) was constructed manually 
fromm MR images. For positioning we used these ima-
gess as a guide. Analysis was performed blinded for 
gender.. The template for the striatum (representing 
bindingtoo DAT) was placed on three consecutive 
SPECTT slices demonstrating best visualization of the 
striatum.. An additional template was constructed 
withh an ROI for the midbrain (representing binding to 
5-HTT)) and cerebellum. The cerebellar binding was 
usedd as a reference for background activity (non-spe-
cificc binding + free radioligand). Midbrain and striatal 
['3,l]p-ClTT binding ratios were calculated by dividing 
bindingg in the ROI by cerebellar binding. 

Statistics Statistics 
Differencess in regional [,2Jl]p-CIT binding ratios 
betweenn females and males were assessed by 
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A N C O V AA w i th age as c o n f o u n d i n g variable. Us ing the 

samee stat ist ical analysis, we explored the potent ia l ly 

con found ingg inf luence o f the 5-HTT genotype on m id -

brainn [ ,23 l ]p-CIT b ind ing . Corre lat ions were assessed 

w i t hh Spearman 's rank corre la t ion coeff ic ient. The 

chancee o f a type I error was set at 0.05 us ing two-tai l -

edd tests o f s ignif icance. Al l data are presented as 

meann  SD. Results were cons idered s igni f icant at p < 

.05.. Data were analyzed us ing SPSS vers ion 9.0. 

Results s 
[ ,23 l ]p-CITT b ind ing rat ios in the m idb ra in and s t r ia tum 

weree signi f icant ly h igher in females than males (p = 

0.011 and 0.03, respectively; Figure 1). 

Thee covariance effect o f age was not s igni f icant 

(pp = 0.92 and 0.19 for the m idb ra in and s t r i a tum, 

respect ively).. Six females and 5 males were heterozy-

gotee carriers o f the l ong and shor t alleles o f the 5-HTT, 

wh i lee 2 females and 1 male were homozygo te for the 

l ongg allele. One male was homozygo te for the shor t 

allele.. The genotype d id not pred ic t m idb ra in [12}l]p-

CITT b ind ing rat ios (p = 0 .60 ) . A s t rong posi t ive corre-

la t ionn was observed between m idb ra in and str iatal 

[ l 2S l ]p-CITT b ind ing rat ios (p = 0.65, p < 0 .01 ; Figure 2). 

Discussion n 
Inn the present study, we observed higher 5-HTT and 

DATT densi t ies in healthy females compared to males. 

1.66 -

0.88 -

0.44 -

OO 1 

oo 5 10 

Bindingg ratio striatum 

FigureFigure 2. Correlation between ( ' \ ] \ i-CIT binding ratios in 

thethe midbrain (vertical axis) and striatum (horizontal axis) for 

individualindividual subjects. 

Furthermore,, we showed a s igni f icant corre lat ion 

betweenn 5-HTT and DAT dens i t ies . 

Whi lee the higher b i n d i n g o f [ : i i l ]P-CIT in the m id -

brainn and s t r i a tum o f w o m e n is mos t likely explained 

byy a h igher densi ty o f 5-HTT and DAT, respectively, 

th iss assert ion rests on several assump t i ons , inc lud ing 

1.66 -

0.88 -

0.44 -

Females s Males s 

44 -

Females s Males s 

Figurei.Figurei. [ -'l]|3-C/T binding ratios in the midbrain and striatum of75 healthy volunteers. Infemaks (n =8 ; mean = 1.43, SD=o.i2) the bin-

dingding ratios were significantly higher in the midbrain than in males (n = 7; mean = 1.25; SD = 0.13). This was also true for binding ratios in the 

striatumstriatum (ratios in females; mean = 7.27; SD = 7.10 versus mean = 5.81; SD = 1.21 in males). 
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thee comparability of nondisplaceable binding and 
transporterr affinities. However, there are no reasons 
too assume gender differences in nondisplaceable 
[,!3I]P-CITT binding or transporter affinities. Drugs with 
affinityy for the 5-HTT and DAT {e.g. methylphenidate, 
amphetaminess and cocaine) could compete for 
[[,2JI]P"CITT binding, thereby diminishing the apparent 
transporterr binding. For this reason we only included 
drug-freee volunteers with a negative drug screening. 

AA recent study has shown a lower post-synaptic 
5-HT22 receptor density in females than maies, sugge-
stivee of increased synaptic 5-HT concentration (Biver 
ett al., 1996). Our present observation of a higher 5-
HTTT density in females is also consistent with an 
increasedd synaptic 5-HT concentration in females. 

Thee effect of age and gender on 5-HTT densities 
havee been studied in a previous [1J3I]J}-CIT 5PECT 
studyy (van Dyck et al.T 2000). The authors reported 
thatt gender did not statistically improve the prediction 
off 5-HTT density after controlling for aging effects. 
Althoughh the sample size was large in their study, the 
divergencee between their and our study likely accrues 
fromm several important methodological differences. 
First,, the occipital cortex, instead of the cerebellum, 
wass used as a reference region. The occipital cortex, 
however,, contains a higher 5-HTT density than the 
cerebellum.. Consequently, smaller differences in 5-
HTTT densities may be detected easier when using the 
cerebellumm instead of the occipital cortex. Second, the 
agee range of controls was larger (from 18 to 88 years; 
presentt study 22 to 42 years). We have recently shown 
thatt the variation in DAT density is higher in young 
thann old adults (Lavalayeet al., 2000). Assuming that 
suchh a strong variation on 5-HTT density also exists in 
youngg adults, one may detect gender differences in 5-
HTTT densities when including young healthy volun-
teerss only. 

Thee higher density of DAT in females is in line 
withh a recent [,IJI]FP-CIT SPECT study (Lavalaye et al., 
2000),, but not with a [13!l]fï-CIT SPECT study {van 
Dyckk et al., 1995). In contrast to the [^IJP-CIT SPECT 
study,, more young healthy volunteers were included in 
thee [12'I]FP-CIT SPECT study, as well as the present 
study.study. We propose that the presently observed gender 
differencess in DAT and/or 5-HTT densities may relate 
too hormonal effects. For instance, it has been shown 
thatt DAT densities in female rats are higher than in 
malee rats, which was estrogen-dependent (Rivest et 
al.,, 1995). It is thus conceivable that gender differen-
cess in humans cart be detected only in young adults. 
However,, further studies including detailed endocri-
nologicall data are necessary to confirm this theory. 

Rodentt and human studies have established the exis-
tencee of functional interactions between 5-HT and DA. 
Thee positive correlation we observed between mid-
brainn and striatal [,2}l]|i-CIT binding is in line with a 
previouss study in which positive correlations between 
CSFF measures ofs-HIAAand HVA were observed 
(Ceraciotii etal., 1998). It was shown that 5-HIAAto 
HVAA ratio for an individual remains relatively stable 
overr time, with little variability. It has been hypothesi-
zedd that the balance between of 5-HT and DA function 
inn the CNS is of physiologic importance in the human. 
Thee imbalance of activity of 5-HT and DA systems is 
alreadyy an important consideration in the pathophy-
siologyy of psychoses and may become relevant to the 
treatmentt of depression. 

Itt could be argued that the presently observed 
associationn between 5-HTT and DAT may be attributa-
blee in part to the fact that midbrain [iaJ|][3-CfT binding 
includess some binding to DATs. Although displace-
mentt studies in primates have shown that the uptake 
off [,i3l]p-C!T in the brainstem is primarily associated 
withh 5-HTT (Lamelle etal., 1993), it cannot be comple-
telyy ascribed to 5-HTT alone, since the substantia 
nigraa is part of the brainstem and contains relatively 
highh DAT densities. 

Inn the present study, we explored the potentially 
confoundingg influence of heritable effects. We did not 
observee an association between the 5-HTT genotype 
andd density of midbrain 5-HTT, consistent with other 
reports.. Even though it has been suggested by Lesch 
andd co-workers {1996) that the long allele of the geno-
typee is associated with an increased 5-HTT density, it 
doess not seem to explain our present findings. 
However,, because of our small sample size, this 
remainss to be proven. 

Thee data may bear relevance to a number of 
fields.fields. For instance, numerous studies have noted dif-
ferencess in the age at onset, treatment response, 
course,, and outcome between females and males suf-
feringg from schizophrenia. Furthermore, it has been 
indicatedd that the causes and consequences of drug 
abusee may be different for females and males. For 
instancee it may be hypothesized that the observed 
higherr 5-HTT densities in females may play a role in 
lowerr vulnerability to alcohol dependence in females. 
Ourr findings may also have implications for the action 
off neurotoxic derivatives such as 3,4-methylenedioxy-
methamphetaminee (MDMA), since the 5-HT trans-
porterr has been shown to exert a critical role in the 
neurotoxicc action of MDMA. In line with this, females 
havee been found to experience stronger adverse 
effectss of MDMA than males and greater depletions in 
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5-HIAAA (Liechti et al„ 2001; McCann et al., 1994). 
Ourr preliminary data show gender differences in 

5-HTTT and DAT densities, and suggest a close rela-
tionshipp between these two systems. Our results indi-
catee the importance of taking gender into account in 

futuree 5-HTT and DAT imaging studies. Further stu-
diess including detailed endocrinological and genoty-
picc data obtained in large samples of healthy volun-
teerss are required to delineate the basis of variation in 
5-HTTT and DAT densities between males and females. 
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