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Abstract

The purpose of this thesis was to assessntegrity of the serotonin system, by
measuringhe neurophyslogical response ttasks thatneasurexecutive functionsand
neuroendocrine functioim ecstasy users and rasers. Each of the proposed executive
functions outlined in Miyaketald s (2000) conceptual framewor Kk
updating) as well as the addition of access to semantic/long terromnerack by Fisk and

Sharp (2004 was assessed using behavioural tasks in combination with EEG and fNIRS.

Behavioural prformance between ecstasy users and various controls (porhiug
drug naive) was equivalent throughout the thesis. However ERP analysis reostdasy
related atypicalities icognitive processing duringhibitory control, switching and access.
Ecstasy users displayed increases in P2 and N2 components duringskegbdt reflect
recruitment of additional resources. A diminished P3 response during the switching task was
evident for ecstasy users and polydrug users relative to controls. Regression analyses suggest
that lifetime cannabissemay be an important famt for this functionResults from fNIRS
suggest that ecstasy users show an increased haemodynamic response during all four
executive functions relative to narsers, whiclsuggests that ecstasy users are engaged in
more effortful cognition than controlgicreases in neuronal activation whilst performing at a
similar level behaviourally are understood as recruitment of additional resources. Again

during switching cannabis use may have been an important factor.

Another aim of this thesis was to assess eennocrine function. Ecstasy users
displayed elevated basal cortisol levels relativedilydrug controls and drug naive controls.

The results suggest that ecstasy is detrimental to the integrity of the@k®A

This thesis provides support fecstasyrelateddamage to the serotonergic system

and should be used in educating prospective ecstasy users of relative harms.
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Chapter 1: Ovetiew of thesis

Chapter 1 provides a brief overview of each chapter that this thesis comprises.
Chapter 2 provides a brief introduction to the study of working memory and the fractionation
of the central executive. It is these theoretical models of executive fungtibatform the
basis for behavioural assessment in this thd@$iss chapter briefly introduces the reader to
the study of edasy use and executive functiand provides a rationale for studying each

function separately.

Chapter 3 reviews studies into ca@gmn in ecstasy users, briefly starting with
intelligence and then focusing more in depth on each of the executive functions that are later
investigated. This chapter reviews the current undeisig of how ecstasy affectxecutive

functioning and proviles a rationale for further clarification in this research area.

Chapter 4lefines the theoretical background of the neuroimaging techniques that are
used in this thesis, including how they work, wtit data that they generate meal us and
advantageand limitations of each technique. Furthermore this chapter provides a rationale

for using the two techniques employed in this thesis in a complimentary fashion.

Ecstasy is proposed to damage the serotonergic system and is a proposed neurotoxin.
It is understood that damage to the serotonin system may underlie any observed cognitive
deficits. As such Chapter 5 reviews the literatumenbjective measures of serotonergic
neurotoxicity in human ecstasy users from various functional and structural neurgmagi

methods.

Chapters 6, 7, 8 and 9 are the empirical chapters of this thesis. The first of these
assesses each of the four executive functions (using function specific tasks) and their

electrophysiological correlates from ERPs in ecstasy users, polyointrgls and drug naive



controls.Chapter 7 assesses the haemodynamic response to memory updating using fNIRS
and two updating tasks (letter updating and spatial updating) in ecstasy users, polydrug
controls and drug naive controls. Chapter 8 assesseadhwtynamic response to inhibition
(using a random letter generation task), switching (using the ndetbartask) and access to

semantic memory (using the Chicago Word Fluency Task) in ecstasy users and controls.

The results from these three chaptedidate that ecstasy users perform at a similar
level to controls in the executive functionitagks employed in each chapter. Howehery
show neurophysiological responses that reflect compensatory mechanisms/recruitment of

additional resources &nableequivalent performance.

Chapter 9 investigates the haemodynamic response to multitaslaogtasy users,
polydrug controlsand drug naive controls. Importantly, this chapter also investigates the
integrity of the HPAaxis and the neuroendocrine respotsstress, through salivary cortisol

sampling.

Finally Chapter 10 provides a general discussion of the results and places them in the
context of the existing literature on ecstasy use, executive function and serotonin system
degradation. This chaptersdusses these results in terms of implications for drug users and

suggestions for future research.

10



Chapter 2: Working memory and the centra@utive

2.1 Chapter eerview

This chapter briefly describes Baddel eyo6s
work that has built upon this model exploring the central executive, executive processing and
the fractionation of the central executiVdis gives the theoretical basis forfiler

exploration of executiveuhctions that are discussed ihdpter 3.

Theory of working nemory,executive functioning and ecstasseu

B a d d e (1986)muti-componenmodelof working memoryis a key construct in
cognitive psychologyinitially proposed as a three component motlds comprisest
modality free control systenoalled the ceinal executivewith limited storage capacity that
issubserveh y t wo fisl aveo storage s thepghenaiagical The t wc
loop, which is involved in processing sound and language, and the visuospatial sketchpad,
which processes visuospatial informatidnfourth componentthe episodic buffer was later
added (Baddeley, 200@) bridge the gap between the limited capacity of the inhialet
components and long term memory. This was addked observing an amnestic patient with
severedamage to long term memory who vedse to recall pasges of prose that were
beyondthe capacity of the phonological loop or the visuospatial sketchlpadepisodic
buffer is regarded as the storage component of the centraltesefBaddely, 2008 andis
thought to be involved in transfer gbisodic information to and frotong term memor

stores.

The centrakxecutive is an integrabmponent of working memorgndis responsible
for coordinating the processing of informatimom the subsidiary componentsitially
understood to operate as a singh#, studies on individual differenc@sliyake et al.,2000)

and patients with frontal lobe dama@hallice & Burgess, 199K}arted to suggest that

11



perhaps the central executive was not a unified constrefeto (1996 )exploredthe
relationshipbetween working memory capacity and a variety of executive functioning tasks
in a normal 1516 year old student populatioit.was observed that performance on complex
span measures (working memory) had high toterelatiors with memory updating.

However althoughperformance othe Wisconsin Card Sorting Task (WCST) corredate

with working memory measureserformance on two further executive measyfesver of
Hanoi and Global Search Tesi§l not Perhaps more interesting, is that none of the
executivemeasures correlated significantly with one another, which led Lehto to conclude

thatthe central executivevas not unified

Miyake et al (2000) explored the segability of executive functions further, by
examining three possible discrete executive
information updating and monitoring (Aupdat:.
(Al nhi biti ono) nsdorthe complex heuropsycholbgrcal thsks tsebsess
executive functionln this studyperformance on three tasleach proposed to target a
proposed executive functigdVCST, Tower of Hanadi ToH, andrandom number generation
- RNG), as well as twother commonly usedxecutive taskéoperation spaanddual
tasking were correlatedt was observedrom confirmatory factor analysitat the three
target executive functions were moderately correlated with one another, but were distinctly
separableFurthermore structural equation modelling revealed that each function contributed
separatelyo each task, with performanoa theWCST relating to the executive function of
shifting, ToH pertaining to inhibition, operation span to updating and RNG |laadbdth

inhibition and updating.

Fisk and Sharp (2004)vestigated the separabilitf executive functions itheir

research on age egbdcognitiveimpairmentand observed findings largely consistent with

12



Miyakeetald s f r act i emtseot tlee dentcabereputividowever an additional
component termed filaccesso t hatsplioposedihiss es acce
addition was proposed due to word fluency tasks often being used asarmeaexecutive

function, andapparentmpairment of word fluencgfter damagéo frontal brain regions

(Stusset al.,1998) Word fluency involves temporary access of long term memory stores and

does noseem to fit as wellvith the three initiaproposeccomponerg of executive functian
FurthermoreBaddeley (1996postulated that temporary activation of long term memory was

a key executive proceds this study @attery of executive tests were administered to an

elderly cohort, includingheWCST, Random Letter &eration (RLG), Brooks spatial

sequences, reading aodmputation span, word fluency and aasure of dual task
performance. All othetaskd oaded on at | east one of Miyake
from word fluerty and the redundaneyeasure oRLG (the extent to which a letter is

produced with the saenoverall frequencywhich loaded on their propagéourth executive

function of access

The study of executiviinctions is complicated by task impurifpr example the
WCST, a commonly used task to assess mental set shifting, requires sorting cadsbas
particular theme (e.golour, shape, number) then switching to another theme at the
experimenteis requestThis not only involves shifting of the mental dedif alsoperceptual
and motorcognitive abilities necessary for sorting cards mnaitoring verbal feedback
(Friedmaret al.,2008) As such purer taskd executive function are requiredurther work
into the seprability of executive functions has been conducte#rmdmanet al. (2006
who suggest that the three entive functions identifiedinMy ak e 8s mod e | are d
related to intelligence, with updating showing close relations with chigsiland fluid
intelligence, but shifting and inhibition showing no such relationship. Furthermore Friedman

et al. (2008) also suggest that the executive functions are correlated by hereditary factors that

13



go beyond speed of processing or intelligence, luseparable due to other genetic factors

unique to each function.

This fractionation of the central executive into four discrete components has helped
the progression of research into the effects of ecstasy/MDMz#ognition.Many earlier
studies into ed¢asy use and working memory refer to the central executive as a single entity,
and have yielded equivocal resulihereby users show deficits in some tasksnot others.
Forexample Hagbernet al. (2004)administered a large battery of neuropsychological tests to
a relatively pure MDMA user grquand found that heavy usevere impaired on
performance of a Stroop task (supposed to be related to inhibition), but did not find
significant performance deficits on manyet tasks (including the WCST, Controlled Oral
Word Association, WAISR digit span subtest, WAIR digit symbol subtest, theey
Ogerriethcomplex figure text and the California verbadrd learning test}ox et al. (2001)
also observed ecstasy users to be unimpaired on the VeG®Igsedly pertaining to the
executive functia of shifting, whereas Foat al.(2002)show evidence aécstasyrelated
impairment in shiftingas well as verbal flueg¢cand sptial working memoryMorgan et al.
(2002)conversely report little performance deficits ie thtroop task or word fluencRue to
equivocal findingghere was no definitive consensus on whether executive functions were
impaired in ecstasy users or nds suchMontgomery, Fisk, Newcombe and Murp{B005)
applied Miykeetald s ( 2 OF0i0s) k a& @B0ddranme\Wosk to the research on
ecstasy users, suggesting that ecstasy users display differepaahnants in executive
function. Itis arguedhatasysgmat ¢ appr oach i s ntasksé¢hatsapney , u
function only to observe how MDM/Aaffectseach component of the central execeit
Ecstasyrelatedimpairmentsvere observed in the updating and access components of

executive function, but not in the switching and inhibition components.

14
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In light of these findings, this thesis focuses on the separable executive functions and
uses functiorspecific tasks to assesach component of executive function in ecstasy users.
Furthermore neurophysiological asures such as electroencephalography (EBG)
functional Near Infrared Spectroscopy (fNIR&)e employed as more sensitive measafe
cognitive impairment. The literature on the research pertainiagstasyrelateddeficits on
executive function briefly touched upon here will be reviewed in greatait deChapter3

whereby each component of the central executive will be reviewed separately.

15



Chapter 3: Review of the literature on cognitive deficits in ecstesisu

The recreational drug ecstasy/MDMA (31ethylenedioxymethamphetaminepis
potent indirect monoaminergic agonist, that is structurally similar to amphetamine and
mescaline (Morgar2000).The acute psychological and physiological effects include
feelings of euphoria and empathy, increased energy, dilated pupils and tight jaw (trismus)
(Davison & Parrott, 997)and are thought to result primarily from serotonin and dopamine
agonsim (McDowell & Kleber, 1994However ecstasy has been classed under the novel
pharmacological category of entactogéinem Greek and Latin roots, meaning to produce a
At ouchi ng wi t hdawmgto it unague lychgactile prdfise)that can be
differentiated from classic hallucinogens and stimulants (Morgan, 20MYA increases
emotional sensitivity and empathy, but does not produce hallucinations, as such it cannot be
classified as an halcinogen or psychostimulant (Cole & Sumnall, 2008prking memory
deficits, and those particularly associated with higher level executive functioning tasks appear
to be most pminent This is particularly salient given the continued prevalence of
ecgasy/MDMA use; for example thritish Crime Survey2012 states that 3% of 1624
year olds report use of MDM# the last yegrand the negative psychological consequences
could have real world functional significance (Montgometral.,2010).MDMA related
changesincagtionar e believed to be r el sotomndsystem t he
(GouzoulisMayfranket al.,2000)andhave been shown to be lolagting (Gerreet al.,
2000) Specifically serotoninyndestood to be implicated in supporting working memory
processedss densely innervated in the prefrontal cortBazoset al, 1987),andas such it is

integral in executive processing

There have ben a number of investigations into working memory deficits in human

ecstasy users nared to drug naive controlBhis chapter reviews the literature of several

16



aspects of cognition that have been investigated including intelligence, and the four executive
functions outlined irChapter2: shifting, irhibition, updating and accegslthough many
publications cover several executive functidhss dhapternas beesubdivided into sections

for each component of the central execytawed thus papers may have been cited multiple

times.

3.1 Intelligence:

As mentioned irChapter2, the executive functions are differentially correlated with
intelligenceso thisthesiscontrols for intelligence throughowtudies on ecstasy and
cognitiondo attenpt to control for intelligencey f t e n  u s iStamglardRragressivéd s
Matrices(SPM), theWeschler Abbreviated Scale of Intelliger(®ASI) or a test of

crystallisedntelligence €.g. TheNational AdultReading Test NART).

GouzoulisMayfranket al.(2000)measured both crystallised athaid intelligence in
ecstasy users, cannabis users anddrag users. Fluid intelligence was assessed using a
German version adheWeschler AdultintelligenceScalei Revised (WAISR), Mosaictest,
in which, marticipants must reproduce complex visual patterns using cubes (this task assesses
visuomotor performanc¢glanning and problem solving) atite LPS4 (a problem solving
testassessing abstract thinkingyyStallised intelligencevas assesseslith theGerman
WAIS-R generaknowledge testEcstasyusers performed significantly worse than both-non
users and cannabis users on all thnéelligence measure®ue to the ecstasy usgmoup
having lower IQ measures, the researchers hadritrolfor intelligence in their subsequent
analysesGouzoulisMayfranket al.(2003) also observed deficits in crystallised intelligence
in heavy ecstasy usersropared to moderate users and fusers using the WAISR General

Knowledge test.

17



However, not all studies find differences in intelligenaar. &ampleusing theNART,
which involves participants reading 50 words of decreasing fluency in the Elagigage
with atypical phonology, so that words should not be guessed correctly using standard
grammatical pronunciatiof@a measure of crystallised intelligencEpxet al.(2002)
observed no significant differences between ecstasy users andersn Erthermore
Morganet al.(2006)used the NART to assess premorbid intelligence in ecstasy polydrug
users, norecstasy polydmy users and drug naive contralsd observed no significant
between group differences in their estimated I3 t@syusers: 111.8olydrug controls :
112.1, drug naive controls: 111.Zimilarly, usinga Dutchvariant of the NART (the DART)
Renememaet al (2006) transformed the number of correctly read words into an estimate of
verbal 1Q and observed that former ecstasy Usease:105.9 female: 102.0), heavy current
users (male: 106.0, female: 104.5), moderate users (male: 111.2, female: 112.2) and non
ecstasy polydrug users (male: 104.7, female: 106.9) had comparable premorbid IQ regardless
of genderMoreoverDafterset al (1999)observed that level use of ecstasy was not

correlated with performance on the NART

Montgomery, Fisk and Newcomif2005) used the NART in ecstasy polydrug users
compared to drug nadvcontrols and observed no significant betweenpbffierences in
this measurelhe same study also found significantdifferences between users and ©ion
userson Raver@s SPM, whereby participants are required to study a series of problems
presented as a symbolic sequencesahelct an appropriate response to complete the
sequence from a choice oB@®ptions Montgomery and Fisk (20Q0&gain observed no
differences betweenstasyuser and controls on PMRaveARB and
SPMhasbeen used frequently in the literature to assess fluid intelligence, and has repeatedly
yielded noobservablesignificant differences between ecstasers and nensers (Fiket al.,

2004;Montgomery, Fisk & Newcombe, 200%jowever Montgomeryet al.(2010)found

18



ecstasy users gxrore significatly lower than norusers on this measufeurthermore

Halpernetal.(200 1) f ound per f or ma WAIS-Rdigit sybolsebteSts S P M
to be significantly reduced in moderate users, but not heavy users in comparison to drug

naive cotrols. However inan earlier study by thsame research group (Halpetral.,2004)

on a similarly pure ecstasy using cohort, no such differences were observed.

Verbal intelligence (using the WAIS Il vocabulary subtest) and performance
intelligence (using the WAISI block design subtest) in ecstasy users was explored in a
longitudinal study by Zakzanis and Young (2061 pbserve whether these measures were
robust to cotinuing ecstasy use over timEnetests were administered twice, one year apart,
with continued ecsisy use in between testing datiswas observed that there were no
significant differences in WAIS vocabulary score between the first testing session (mean =
53.0) and the one year follow up score (mean = 52.1), nor was there significant decline in
perfaomance in WAIS block esign performance between time ¢rmeean =49.0) and time
two (mean= 48.4). Bwever there was a significant correlation between frequency of MDMA
use and erformance change (time oné¢ime two score) on the vocabulary subtest,
suggesing that verbal intelligence is adversely affected by frequency of ecstasy use.
Thomasiuget al (2003 also exjored premorbid intelligencesing the German multiple
choice test of vocabulary knowledge (Mehrfachwkdrtschatztest MWT-B), in their
initial study (Thomasiuset al.,2003)they report that ecstasy users (IQ sdoi®2.5), former
ecstasysers [Q 1 106.48), polydrug controls@ -104.28) and drug naive control®(-
104.97)showed no significant diffences in 1Q, anthis remained nossignificant in their
follow up study(Thomasiuset al.,2006)(ecstasy usefis 101.36, former useiis106.48,
polydrug controlg 107.91, drug naive contralsl05.20).Currently abstinent ecstasy users
were assessed on verbal intelligerusing the WAISII vocabulary subtest and the NART in

a study byMcCannet al.(2007)and again it was observed that differences between abstinent

19



ecstasy uss and drug naive controls on their estimated baseline intelligence were no
significant (WAIS Ill; MDMA users 44.44, controls 40.39, NART; MDMA users 102.74,
controls 99.38)it wassuggested that these tggtovide estimates of verbal intelligence that

are insensitive to MDMArelated neurotoxicity

In summary, it would appear thaost studiesn this areaattempt to control for IQ
differences, and in the majority of cases theiétle differencein 1Q between ecstasy using
populations and controls. In studies that do show between group differences in IQ measures,
IQ is used as a covariate and statistically controlled for inegutent analysig\lthough one
longitudinal studyZakzanis & Young, 20019bserved a negative correlation between
frequency of ecstasy use and performance on verbal intelligence measures, suggesting that
ecstasy use could affect intelligence over time, other longitudinal studies have found little
effect of use on measures of iligence(Thomasiuet al.,2006) However in line with most
other research in this ardhe fudies presented in this thesistave at least one control

intelligence measure.

3.21 Mental set witching

Mental sefiswitchingd o r f & the dbility tonsgvitch attention between task
types, whereby a switch between tasks is associated with a performance cost, either in
accuracy or time, compared to completing two tasks in succession (Jersild, Wikehing
reflects cognitive flexibility and is one of the core executive functions outlinbtlyiake et
al. 6 s (ram@vioR. Several tasks have been used in the literature to assess this function
in ecstasy ussr including the WCS/Tthe numbetetter ask, plusminus taskand a
switching variant of the Stroop taskindings of performance of this executive function in

ecshsy users are equivocal.
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Foxet al.(2001) used a computerised version of the WCST whepatiicipants
have to learn a ralin order to sort a pack of 128 cardlengt hr ee possi bl e o6di m
(colour, shape or number). After 10 consecutive successfuptarements, the rule by
which the cards wergeingsorted was changed (switcfihere were six switch trials, where
the rule change(from colour to shapetnumbe then repeated)n this task participants are
scored for number of correctly completed trials, number of trials to completesie fi
category, percentages of parsmtive (the amount by which they fixated on a rule after it
had changed) and ngerseveativeerras and failure to maintain setoMsignificant
performance differences on the task were rep
problem usersdé6 (defined as problems attribut
of ecstasyflow = < 100 tablets, medium = 148D0 tablets, high = > 500 tabletsgd no
significant effect on performanc&he WCST was administered in a neurocognitive test
battery to current ecstasy usgts male, mean age = 24.5, mean lifetime dbHeD) for
males = 183.77, females = 600.42 tablgt®rmer users (16 male, meage = 24.13, MLD
for males = 987.31, females = 533.80 tablgislydrug control§¢15 male, mean age = 24.41)
and drug naive contro{d5 male, mean age = 23.18) Thomasiu®t d. (2003), planned
comparisons revealed that the polydrug user group producgaifecantly higher amount of
perseverative errors than both ecstasy using groRenenanet al (2006) compared5
moderate MDMA userf® male, mean age = male 25.6, fengf#e7, MLD = male 29.5,
female, 27.8 23 heavy MDMA userg12 male, mean age = male 27#dmale 25.0, MLD=
male 831.8, female 200.9 tablets ), 16 former users (8 male, mean age = mdized,
24.1, MLD = male 126.9, female 409.3 tabless)d 13 ecstasy naive, but drug taking controls
(7 male, mean age = male 29.3, female 28m3performance on the WCShd observed
little difference on any of the performance measures of theSasiarly BackMadrugaet

al. (2003) observed no differeex in performance on the WCST between recreational ecstasy
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users (n=2214 male, mean age = 37.0, mean lifetime occasions ¥ &ddecontrols (n=28,

23 male, mean age = 39.8)alpernet al (2004)also observed no significant differences in
performance o the WCST between 23 MDMA users with minimal exposure to other drugs

(8 male, median age = 20, median lifetime MDMA episodes a60)16 ecstasy naive
comparison individuals involved in rave subcult(@enale, median age = 22jowever,

when the ecstasy user group was further subdivided into light (less than 50 occasions of use)
and heavy (more than 50 occasions of use) users, heavy users performed worse compared to
nonusers after adjusting for age, sex and family of origirhoat fid @tteador i es 0 s c o0
the taskHowever this score does not relate to the executive function of switichihg same

way as total perserations doesind may not reflect switching deficitg. a follow up study
(Halpernet al.,2011)with similarly ecstasy pure participants (n+3D male, median age =

22, median lifetime episodes of MDMA use = 43/Brsus rave subculture matched controls
(n=59 38 male, median age =) was again observed that there were no significant

between group differences in performance on the WCST. However this changed when the
ecstasy user group was subdiddeto heavy and moderate userhisltime WCST total

category scorwvas significatly redued among moderatbut not heavy userResults from

studies administering the WCST as a measure of switching seem to suggest that this function
is relatively robust to ecstasy uséowever as discussed @hapter2, this task has been

criticised for noinecessarilypeing a pure mearre of mental set switching. Therefates

important to consider other tasks that have assessedricitoh

Foxet al (2002) compared 20 ecstasy polydrug ugEdanale, meaage = 27.3,
MLD = 172.0 tabletsand 20 ecstsy naive polydrug usef8 male, mean age = 27 &) their
ability to effectively #@ntadimenBiandeattat ent i on us
dimensiondl attentionshift task as well as a switching version of the Go/NoGk. Based

on a task in the CINTAB neuropsychological batteryheé 3D IDED comprised of eight
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stagegelatedto forming, maintaining anshifting attentional seParticipants are requireid

learn twoalternativeforcedchoice discriminations and their reversdlse stimuli used,

varied on three possible dimensgonedimersion is relevant and the other taree not). In

the first and simplest stageisual discriminatioptwo stimuli are presented and thesegy on

one of the thredimensiors (e.g colour) and in the reversal state previously incorrect

item becomeghe correct item. Following this, there is the caupd visual stage which

thetwo stimuli are diferent on all threpossible dimensiongn the intradimensionakhift
stage, the nr el. cohou)memanedthername ditsphenintrodaction of

two novel stimuli.Finally in the extradimensionakhift stage participants are required to

shift their response set to a previously irrelevdintension(e.g shape). Each stage has a
reversaktageandparticipans progress tahe next stage by achieving sMaessive
discriminationsAlthough increases in errors and reaction timage observed within groups

as difficulty increased, there were no significant between group differences in perfoahance
any stage on nereversal trials. However amversal trials the difficulty bgroup interaction
was approaching significanasith ecstasy usenmsiaking moreerrors on simple and

compound reversal trials bigwer errors on the extra dimemsal re\ersal condition than
controls.Furthermore ecstasy users were significantly slower than controls at all levels of
reversal, idicating performance deficitth the same study, switching was also assessed with
a switching variant of the Go/NoGo tasih 10 blocks each containing 18 symbols
appearing rapidly on the centre of a screen.
Andrmar get so ¢ ompr iAsA@) and number (29e Ratticpardgs hddftorpeesa
the space bar when a target appdam the screen and were to withhold a response to non
targets The targetgeither leters or numbers) switched every thdocks Mean errors were

calculated (failure to press space bar) as well as mean distractors (pressin@spduea bt
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should nothave been pressednd mean reactiomtie for correct responsesoetween

group differences were observed on any of the measures analysed on the task.

The numbetetter taskis considered to load on the executive function of switching
only, and wasisedby Montgomery, Fisk, Newcombe and Murphy (2005),98eas
switching performance if1 ecstasy polydrug useid7(male mean age 296, MLD =
345.96 tablefscompare to 42 norusercontrols (8 male, mean age 20.8® this task
(adapted from Rogers Rlonsell, 1995), participats are presented with a numibetter pair
(eg.n D4 06) 1 n qoadrantsorf eonfipoter screen. If the numbetterpair appears in
one of the top twguadrants of the screen, participants must indicate whether thedetter
vowel or a consonantf the pair appears on the bottom half of the screen patrticipants should
indicate whédter the number is odd or evén.the man three blocks of the task, number
letter pairsappear 64 times, in the first block yhalternate beteen the twajuadrants on the
top half ofthe screenin block twq pairs alternate between the bottom two quadrants.
However on the thirthlock the pais rotate clockwise around all foguadrant®f the screen.
As such every second trial in block threguires a switch in categorisation. A switch cost is
calculated by subtracting the average time takezomplete trials on the first twaocks
(where no switching is required) from the mean teaction time in block thredhere were
no differencedetween users and naisers in this task, and groups had equivalent age,
premorbid intelligence, fluid intelligence and years in edioo. In the same study, the plus
minus task alsmeasuredet switchingand involveghreeblocks ofmental arithmetigin
block oneparticipants are given a list of 30 twebgit numbers (1€09) and are required to @d
threeto each number, in block twgaticipants are given another 30 ta@it number lig
and are required to subtract thfemm eachln the finalblock participants are given a third
30 twodigit list and participantsra to alternate between adding three and subtracting three

from each number on the ligthis final block involves a shift/switch and the switch cost is
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calculated by subtractingean complgon times for lists one and twioom the time taken to
compkte list threeNo betweergroup differencesvere observedn this taskandthe main

effect of ecstasy use on switching was-sanificant.

Using a modified version of the Stroop task, to assess inhibition and task switching,
Dafters(2006) mmpared performance of B8stasyserg12 male, mean age = 23, MLD
= 522.33), 1%ecstasy users who did the task in reversed ¢@derale, meamage = 22.93,
MLD = 475.87) 17 cannabis use($3 male, mean age = 23.18)d B controls(10 male,
mean age = 22.6Whom had never useder drug.The switching componémame in the
fourth phase of théask whereby colour wordsopeagd on a screen am@rticipans were
required to name thak colourrather thammead the wordOn half of the trials the word/as
underlined in black angarticipants were required to seléoe colour name rather than the
ink colour, hence a switch in rulReaction times were analysed for the switch trials and it
was reported that ecstasy users performed worse than both cannabis usersdang nser
groups on the switching component loé task, after covarying for other drug udewever,
the mapping of tasks onto individual executive functions is difficult,aeatkiis task is
usually implemented to assess inhibitiperhaps this manipulatiatmes not necessirtap
switching exclusiely. It could be that these results still reflect inhibition deficits (pMhyret
al., 2009. Dafterset al.(1999)had previously observed dose related impairment in switching
using a derivative of the WCST called the Behavioural Assessment Df/executive
Syndrome (BADS) rule shift cards test, whereby MDMA use was negatively correfigited
performance on the taskhere was, however, no control group in this experiment, and when
heavy ecstasy (at least 50 MDMA tablets over lifetime)/ canr{abB0.7 mean lifetime
joints) users, were compared to light ecstasy (below 50 tablets)/cannabis users (1252.9 mean

lifetime joints), cannabis only users (1023.1 lifetime mean lifetime joints) andmnan
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controls, this task yieldedo significant differenesbetween groupafter covarying for

alcohol, amphetamine cocaine and LSD (Dafétral.,2004)

von Geusaet al. (2004)assessed cognitiveekibility in 26 ecstasy using #tyear
university student§l7 male mean age = 21 MILD = 53.82 tablets, 9 femalmean age =
21.7,MLD = 38.78)and33 nonuser control¢12 male, mean age = 22.0, 21 female, mean
age = 21.4)sing the Dotslriangles ask and the LocdBlobal taskin the DotsTriangles
task participants are presented with a 4x4 grid on a computer screen in which varying
numbers of dots drianglesappearWhen dots appear, participants have to decide whether
there are more dots in the left half of the screen orighe half, and when triangles appear a
decision has to be made as to whether there are more triangles in the top half of thar screen
the bottom halfln blocks oneandtwo, all trials aredotsor triangles(randomised), whereas
in block threet alterrates between dots anibngles being presented every faials. The
LocalGlobal task involves participants respondingeictanglesand squared.arger (global)
rectangles or squares consist of smaller (local) rectangles or squares. Participandstoespon
either the locabr global figures onlyin the first twoblocks of the taskin the thirdblock, the
rule alternates between local and globakery fourthtrial, initiating a switch Male users
displayed a significantly higher switch cost reactiome than norusers in the dots triangles
task, although they were also shown to beiBaantly more accurate. Female users and-non
users were equivalem performance on this tasikloreover on the Locablobal taskmale
users were significantly slow#éran controlsand had a higher switch coblowever there

was no significant difference in accuracy on this task.

In summary, it appears from the literature that the majority of studies suggest that this
executive function iselatively stable after ecstasy use, althotigite may be issues with the

purity of some of the taskslowever there is some evidence to suggest that this executive
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functionwarrants further investigation.lthoughvon Geusawet al (2004)suggests that this
function ismore affected imales this could be an effect of dose, as the males in this sample
had a higher mean lifetime dose than females and the range watangectbr males. Tis

is interestingo consider given that Daftees al (1999) showed evidence of a relationship
between dose and fiermance on set switchinglalpernet al6 §€004) study also showed an
effect in heavysers compared to light userwever this was contradicted in a follow up
study (Halperret al.,2011) with moderate users performing worse than heavy users.
Furhemor e Daftersd 2006 st udnthisarbaoRemasee vi dence
additionof neuroimaging techniques in combination with performance on thske ¢an

help to addressquivocal findingsAs suchthe effect of ecstasy use orental set switching

will be investigated in this thesis both behaviourally and with EEG and fNI&iBgthe

numberletter task in Chapters 6 and 8

3.2.2Inhibitory control

Inhibitory control, or response inhibition is one of the executive processes outlined in
Miyakeetald s (2000) framework and involves the ir
responsewhen tley are not necessary. THisiction has been assessed in ecstasy using
populations with several tasks, includinige traditional Stroop task, RLG, RNG, ToH, Stop

Signal and Go/NoGo tasks.

The most frequently used task toessthis function inheliterature is the Stroop task
(Stroop, 1935)Conventional Stroop measures involve comparesgtion times of
participants to name the ink colour of a colour named f@mgithewa d fAyel | owo wr i
red ink), to naming the ink colour when the stimsiland colour match (e.§.r ed 0 wr i t t en
red ink) or the stimulus is not a wofelg an aterisk) (Murphyet al.,2009).Morganet al.

(2002) examined performance on the Stroop tadi8iturrent heay ecstasy users (9 male,
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mean age = 23.4, MLG= males 513 tablets, femal@8 tablety, 15former heavy ecstasy

users (4 male, maaage = 24.7, MLDB= males 336 tablets, females 577 tablabstinent for

at least 6 months)6 ecstay naive polydrug controls (8 male, mean age = 2ihd}15 drug
naive controls (6 male, mean age = 32NMo significant between group differences were
observed for number of errors madereaction timeDafters (2006) used a modified version
of the Stroogask,in which standard colowword interference trials were inggersed with

trials where the target colour was the same as the distractor word from the peaious
Performancevas @mpared between ecstasy users, cannabis users and controls (as described
in Chapter 3.2.1)After covarying for cocaine, amphetaminaisohol and tobacco, ANOVA
revealed no significant between grouffedences on the magnitude ofr&p interference
reaction timegpre potent response inhibitioljowever a difference was observed on the
magnitudeof negative priming, whereby ecstassersshowed a reduced priming effect
(reduced short termesidualinhibition) compared to both other grouftswas suggested that
these twanhibition types are regulated by separable processes and future work should
investigate the microstruatel of cogitive subcomponent8ackMadrugaet al. (2003)failed

to observe behavioural differences in the Stroop task between ecstasy users and controls
matched for age, IQ and edtioca (described in Chapter 3.2. 9milarly Gouzoulis
Mayfranket al.(2000) obseved no significant differences on Stroop performance between
ecstasy users, cannabis usersranddrug usersHowever Halperret al. (2004) did observe
ecstasyrelatedperformanceleficits on the Sbop task, after subdividing tlezstasy using
populatian into heavy and light users (assdebed in chapter 3.P). Heavy users showed
significantly longer reaction times and more Stroop errors on interferencetitalgver,
thesefindings werenot replicated in a follow up study (Halpezhal.,2011).A longitudinal

test on 149 new ecstasy users (<5 MDMA use occasions before participating in the study)

was conducted bwagneret al (2012)to examine whether abnormalities in executive
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function existed prior to drug usin@his wasfollowed up one year later with 109 remaining
participants Of these 43 did not use illicit substances other than cannabis over the 1 year
(classed as nensers for analysis) and 23 tooiore than 10 MDMA tablets ovéne one

year period (mean = 33.6T'he remaining participants used MZMnore than once, but had
taken less than 10 tablets, andasye excluded from follow up analysldsing a German
variant of the Stroop task, no significant differences @uad in performancbetween
groups, or beteen baseline ahfollow up sessions. This suggestat performance on this

task does not decline following continued use in new users over a one year period.

Wareinget al. (2000) assssed performance b0 ecstasy usefmean age = 22.2,
mean duration of use = 4.1 yeark) former usersfean age = 22.6, mean duration of use =
3.9 yearsabstinence of at least 6omths) andLO ron-users (mean age = 22.@n RLG.
Participants were instructed to gfealoud consonanis rancbm order ando avoid
repating letter sequencgsroducing alphabetical sequences and to try and produce each
letter with the same overall frequan Paticipants were required to produtteeesets of 100
letters,at a differenrate every 4 seconds, 2 seconds or 1 sedopicesentation randomised
This task yields threperfamance measures; redundandtlge extent to which each letter
appears withite same overall frequencgumber of letters produced at each rate (often due to
more accelerated rates paipiants will lapse androdiwce fewer letters) andumber of vowel
intrusions. A low score on redundancy and vowel intrusions is desirable for good
performance on this task, whereas a high score on the number of letters produced is indicative
of good perfomance. Estasy users (both groups) performeutseon the task compared to
controls, with more vowentrusions at all threeates, andhigher redundancy and lower
number of letters produced relaito controls at the 1s ratéid suggested that this function
is impairel in ecstasy users anud persists after simonths, furthermorecstasy users

perform worse when greater demangleced on themHowever the sample size here is
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relatively small and these results were not replicated in a follow up sfitiiy larger sample
(Fisket al, 2004) wlere it was observed that ecstasy users (nmdénage = 21.52, MLD=
343.38 tablefswere unimpaired on all measures of RLG performance relative tootont
(n=59, mean age = 21.8'Moreover Montgomery, Fisk, Newcombe and Murp{B8005)
observed ecstasy usédescribed in Chapter 3.2.t) perform better at RLG than naisers
with usersproducing significatly more letters than controlstli@r measures (alphabetic

sequences, repeat letters and redundancy) meersignificant.

RLG was also administered 1® ecstay users (3 male, 1 transsexual, mage =
24.5, MLD = 364.8 tablefs 12 cannabisonly users (6 male, mean age = 2lahd controlg6
male, mean age = 19.4ho had never used either drunga study by Murphet al. (2011).
No between group differences were observed in measures of alphabetic sequences or repeat
sequencefmeasures of impulsivity) and ecstasy use did not predict performance on these
measur es. However there were between group d
suggest pertains more to access to long term memory and as such will be discussed in

Chater 3.2.4.

More recently, Clketal.(2009) suggested that disrupted
may bemore relatedo cannabis use than MDMA uda.this study 46 current ecsyassers
(33 male, mean age = 24M|.D = 609.1 tablefs 14 former estasy users (6 male, nmeage
= 27.9, MLD= 1000.8 tabletsabstinence of at least 1 year), 15 cannabis ((Sarsle, mean
age = 22.3and 19 drug naive contral$2 male, mean age = 24Wgre compared on
performance ba rovel information sampling task (ISTJhe ISTcomprised of two
conditions; the fixed reward (FR) condition and the reward conRi€l) (condition.
Participants hatb make judgements on which colour (ofia choice of twpwas most

frequently contained iside 25 boxedRarticipants could open as many boxes as they desired

30



before making the judgemerh the FR condition participants were awarded 100 points for a
correct response regardless of how many boxes were opened before reaching the decision. In
theRC condition 250 points were available to win at the start of the trial, which decreased by
10 points with egry box that was openecteating conflict betwen reward and certainty

level. Moreover100 points were deducted for incorrect responses. Penficamveas indexed

by average number of boxes operesiwell as calculating the probability of a correct

response at the point of decision [P(corre@Yjsthoc analysis revealed that cannabis users
opened significantly less boxes than curemdtasyusers and this difference was

approaching significance with former users and drug naivieadenThere was also a group

by gender interactigrand subsequent analysis revealed that male cannabis users had
significantly reduced information samplicompared tonales in all thre@ther groupsThis
difference was not the casefemales, despitequivalent cannabis usenmales and females.
However the results from this study are difficultitterpretgiven the higher use of cannabis
(although not statistically significant) in ogécstasy groups comparedcannabis uss. The
authors suggest this study shows evidence agasistdistic pathway from ecstasy

consumption to elevated impulsivity viarg®nin neurotoxicity.

The Go/NoGdask, isbelievedto have specificity fothe executive function of
response inhibition. The literature suggests that ecstasy users are yelativgdaired on
this task alsoGouzoulisMayfranket al. (2003) used thisesponse inhibition task in which
participants are presented with two visual stimelg(an X and an O) independently, one of
these is defined as the critical target and every time this stimulus appears on the screen
participants aréo respond to itWhereas the other stimulissa noncritical target and
responseare to benhibited. Performanceés measured by the amount of responsesdo th
noncritical target (errors)n this study no significant differences in performance on the task

were observeébetween 30 heavy ecstasy users (21 nmaégn age = 21.5, MLB 503.2
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tabletg, 30 moderate sers (21 male, ean age = 24, ML 39.5 tablefsand nordrug

controls(21 male, mean age = 25.3%)milarly Roberts & Garava(R010)assessed 20

ecstasy userd.0 male, memage = 22.4, MLD-= 406.5 tabletsand 20 drug naive controls

(10 male, mean age = 22&) the Go/NoGo task in aMRI study. No significant between

group differencesvere observedn any of theperformanceneasure$% of successful
responsenhibitions, error of commission reaati times and GO reaction times)owever

between group differences were observed on neurophysiological data which will be discussed
further inChapter 5. Hanson and Luciana (2010) also observed no MDMA related
performance deficits in a Go/NoGo tagRBn the contrary Hoslat al. (2007) observed

impaired response inhibition on a Go/NoGo task in current ecstasy users (n=25, mean age =
28.64, mean lifetime uses288.00 compared to former users (n=28, mean age = 29.50,

mean lifetime uses = 264.86) and drug naiverods (n=27, mean age = 32.04)pwkver

polydrug controls (n=29, mean age = 31.93) were also impaired in this task compared to
former users andrug naivecontrols. The authors concluded thetency of usenay play a

role in response inhibition given that former users do not appear impaired on this function.
Moreover recent use of cannabis and cocaine may also play a role in inhibition given that

polydrug controls showed impairments compared to former aserglrug naive controls.

The majority of published studies investigating this function using the Stroop task
have yelded noecstasyrelatedeffects n terms of performance. Althouditalpernet al.
(2004) did observe differences with this task after sufuhig their ecstasy user group t
heavy and light usershis was howevernot replicded in a follow up studyysing similarly
pure ecstasy userAs such the initial findingswuld be treated with caution. Wareiepal.
(2000)observed deficits in stasy users (both current and former) compared tausers
with RLG, howevelagain this was not replicatedf the Go/NoGo tasks reviewed, only one

showed drugelated deficitdbehaviourally and recent cannabis and cocaine use were
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implicated herpas such it would appear that this function is re@yivobust to MDMA use.
Neverthelesshis thesis intends to provide a complete analysMbfMAGs ef fect s on
executive functiomg. Therefore performance in this function will be assessedtivgh

addtion of neuroimaging tprovide a more complete understanding of the mechanisms that
subseve this functionThis function will be investigated using the Go/NoGo task and the

RLG task using EG and fNIRS in chapters 6 anddspectively.

3.2.3 Updating

Theupdating function of working memory involves the monitoring and coding of
incoming informatiorfor task relevance, and updating the items held in working memory by
replacing irrelevant information with new incomindeneant information (Miyaket al

2000, and appear® be more consistently affected by MDMA use

Montgomery, Fisk, Newcombe and Murp{B005) assessed this function in 27
ecstasy userd4 male, man age 21.70, ML 345.96 tabledsversus 34 nowiser controls
(10 male, mean age 21)a%sing a letter updating tasind a computation span taskthe
letter updating tasgarticipants are presented with a random sequence of besixesrd 12
consonantsThere are 24 trials and participants are unaware of the list lerajtHime.
Particpants complete sittials at each list length (6, 8, 10 and 12) and irhezase need to
recall the last sixonsonantsA composite score for updating cdrenbe calculatedin this
study asecondmeasure of updating was also compldtamputation spgnParticipants are
given a number of arithmetic problems to sokwagy (@4 + 7 = ?) andhaveto circle the correct
answer from &hoice of thregossible answers, as well as siraokously remembering the
secondligit of each presented problem. Faliog eah set of problems, the secodidits are
to be recalled in the order they were presented. The number of arithmetic prablbens

solved whilst remembering secodigjits, increases as the task proges For the first three
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trials, oneproblem is preseed, increasing to two for the next thteials and then increased

by one every threteials untilthe paticipantgives twoincorrect answers in a set.

Computation span is fired as the maximum number of secaligits in serial order

correctly rememberk accompanied by correct arithmetic responses. In this study the authors
observed no between group differences in background variables such as age, premorbid
intelligence, number of hours slept per evening, years of education or fluid intelligence (as
measured by R v e nP&M¥i al®ough this was approaching significan€estasy usersidi
however score significantlyigher than norusers for subjective daytime sleepiness (as
measured by the Epworth Sleepiness ScHlg)as observed that ecstasy uggdormed
significantly worse than neasers on both the letter updating and computation span task
measured.etter updating was subsequently investigated again by Montgomery and Fisk
(2008), with 73 ecstasy users (39 matean age 21.77, MLD= 309.86 ablet3 and 73
nonrecstasy user controls (16 mateean age = 20.}3Separat@analyses wereonducted
according to span length (span = 4, 5 qrad it was observed that ecstasy users witplsim
spans of five and sigerformed worse than neasers. Thee with a span of fowere not
significantly different. It issuggestd thatthis may be due to small numbers of participants

with this span lengththusreducing the statistical powef the analysisCorrelational

analysis revealed thhtgher levels okcstasy use wegessociated with poorer performance

on the task, whereas indicators of cocaine and cannabis use were not correlated with updating

performance.

Fisk et al.(2004)had previously observed deficits in updatinging the corputation
span taskin ecstasy users (described in Chapter 3.2.2) compamaitasers Performance
on this task was significantly worse in the ecstasy using cohort after covarying for cannabis,
amphetamine and cocaine use, as well as cigarettes smoldad/@ard units of alcohol

consumed per week. SimilaNyarang et al. (2004) observed deficits in both current ecstasy
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users (n=42, 22 malajean age = 24.69JLD = 553 tablets) and former users (n=17, 9 male,
mean age = 26.0&pstinent for at kst 6months, MLD= 385 tablets) compared to raeer
controls (n=31, 12 male, mean age = 23iBTomputation span. This remained significant
after statistically controlling for cannabis and other drugs and is suggestive of long lasting

impairmentsas the defiits persist after simonths abstinence

Wardng et al. (2005)measured computation spar3@current userémean age =
21.81, MLD = 591.33 tablets), 1fdrmer usergmeanage = 26.83, MLD= 433.36) and 31
controls (mean age = 23.39hd updating component of spatial working memaeag also
investigatedvith a maintenance plus type visapatial working menory task.This task
involved participants being presented with a 4x4 matrix on gatenscreen, in whicfive
cells would be highlighted for thresconds. The task commenced with anatiix being
presented three times. On the next three trialsawices were presented sequentiaty
this kept on increasing by one matrix every ¢hiréals up until a maximum of smatrices
per trial. Il n each matrix, one of the highl:i
to remember the position of this cell, whist simultaneously indicating whether there were
more highlighted cells dhe top or the bottom of the matrix. After all of the matrices for each
trial had been presented, participants had to indicate on a blank grid all of the O labelled cells
that had appeared in the trial, in the order that they had appearedad haskecorrectly
achieved on two out of thréeals at each level for acceptance of perfanogat that level.
This task isanalogous to computation span, as it requires concurrent processstQrage
of incoming information but withouhe phonolgical compment. t was obserwthat
ecstasy users and former users both performed significantly worse in the computation span
task. Moreoveboth groups of ecstasy users performed significantly worse thanssrgn
the spatial working memory taskhesdlifferences remained after controlling for spatial

span and ag&patial updating was investigated by Montgomery and Fisk (2808Y a task
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that is analogous to the letter updating task, in whattticipants are presented with blocks in

a Corsi ype arrangement and a random sequence of spatial locations are highlighted.
Twenty-four trials (6 at span sequence length, 6 at span+2, 6 at span+4 and 6 at span+6) are
undertaken whereby the participant is unaware of the numbecatfdns to be highligkd.

The participant is to indicate the lasamount of blocks highlighted in the order they were
presented (wher¥i s t he participant6s spadertakilgdhe had b
updating task). Seventhreeecstasy users were compared 3moérusers on task

performance (as described above) and separate analyses were conducted for each span length.
It was observed that for those peifiants with a spatial span of fivecstasy users performed
significantly worse than control&:urthermore heavy ecstasy use was correlatedpeibher
performanceSpatial span andgatial working memory was assessed in 52 polydrug users
(MDMA use 0150 tablets) and nedrug controls (< 10 occasions of cannabis use and no use
of other drugspy Harson and Luciana2010) The Spatial Delged Response Task (SDRT)

was usedn which participants had to correctly recall a spatial location that had been
highlighted on the screen after various delay intervals (500ms, 4000ms or 80RdlytEug

users had @orea spatial memory spans, angére more negatively impacted by increasing

delay intervals than controls (as measured by the SDRT). Howve@olydrug user group

was amixture of ecstasy polydrug users and ecstasy naive polydrug users. Exploratory
corrdations showed that the spatial working memory summary score was negatively
correlated with average numbereafstasytablets consumed per session, as well as maximum
number of talets ever taken in one sessi®dntal lifetime doset@blety was not correlted

with performancesuggesting that impairment is associated withsize of an

average/maximalose.

Backward digit span is another measure of updating that has been employed in the

research on ecstasy uBarticipantsare required to repeat sequences of digits in the opposite
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order(backwards) to which they wepeesentedSequence lengths increase wstinccessful
performanceand points are gainddr sequences that are correctly repeated in oRky. et

al. (2006)compared performance this task between 15 ecstasy polydrug users (9 male,
mean age = 25, mean ecstasy use = 11.5 tablets per month for the last 4.3 years) and 15 non
ecstasy polydrug users (7 male, mean age = 21.3, defined as having never usediecstasy)
was observed thaepformance was not signetntly different between the tvgyoups after
controllingfor cannabis, cocaine, alcohol and toba&imilarly, GouzoulisMayfranket al.

(2003) observed no performance differences on this task between heavy ecstasy users,
moderde users and neaserg(as described in Chapter 2.3.Bpwever in a previous study

by the same group (Gouzouldayfranket al.2000), it was reported thatstasy users (at

least twotablds per month over the previous twearsat least 25 occasionso heavy

alcohol uséo other illicit druguse exceptannabis) performed significantly worse than-non
drug users and oaabis matched controls, and thesnained significant after garying for

general knowledgaBackward digit spafand forwards digit spanvas also administered to

11 MDMA users (4 male, meaage = 22.9, MLD= 32.5 tablets), 13 polydrug users (4 male,
mean age = 23.2) ardd nonusers (4 male, mean age = 23i2)an EEG sidy by Nulseret

al. (2011) who observedio main effect of group on performance. MoreowWpMA

variables did not predict performance in their regression analysgfseCal. (2001) also

used backward and forward digit span as a measure of updating performance to assess the
relative contributios of ecstasy and cannabis to cognitive impairment (31 drug naive controls,
11 MDMA/cannabis users and 18 cannabis usergjastobserved from ANCOVA that there
were no differences between MDMA/cannabis users and caroaiiasers on these
measured-However there were significant differences between drug naive controls and a
combined (both MDMA/cannabis users and cannabis onkgldeug user group. It was

suggested that cannabis use was more closely related to performance dsfioitsgdrug
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user goups hadised cannas ard did not differ on performance. Moreoveoyvaring for
MDMA consumption hadittle effect on resultsThis highlights the complication of
concomitant usefmther drugs in this research araad suggests that cognitive deficits

observed in ecstasy users may be related to cannabis use.

Halpernet al.(2011) measured backwards digit span in ecstasy,wgkosreporiittle
use of other drugsind norusergas described in Chapter 3.2.Modest dfferences between
users and nenserswere observedwith ecstasy users scoring lower éarrect repeated
sequences. Howevérwas concluded that défences were sufficiently limitdd rejecta
large effecof ecstasy. As sualesidual cognitivedeficits in ecstasy usevgere not assumed
However in a reinterpretation of resulBarrott (20113uggested that thaitial interpretation
was incorrect and thahese results welia-line with other studies suggesting serotonergic
neurotoxicity and @gnitive impairment in ecstasy useltswas arguedhat the participants in
Halpernet al s2011) study were careful drug users, with lifetime rates that were not
particularly high (especially for the heavy user group) andusege was not intensehe
bioenergeticstress modglParrott, 2006suggests MDMA damage is greater whakehn
intensely and cumulativelfRarrott (2011}uggests that even undbe neuropotective

circumstances thaisers in this sapie experienced;ognitivedamagas still apparent

Bedi and Redman (2008) assessed backwards digit sgareastasy polydrug users
(ecstasyath cannabis use O 10 times), 48 cannabi s
with variable other drug use) and 40 legal drug users (namely alcohol, > 5 times cannabis
use).No differences were observed here on a group level, however hierarchicaticegres
suggested that weak negative sgmitial correlations were apparent with lifetime ecstasy
dose and LSD dose with attention/working memory scores (digit span forward and digit span

backwards)Other studies that report eostasyrelateddeficits on backwards digit span
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includeThomasiuset al.(2003)andBhattachay and Powell (2001)Suggesting this task has
produced more varying results thanetkasks thaassess updatindleverthelesa meta
analysis by Rogerst al (2009)suggested that generally ecstasy users performed worse than

controls on common measures of digit span.

The N-back taskas leen used to assess updaimgcstasy users, often in
association with neuroimaging methods (which will be reviewed in a separate LHapter
this task, participants are usually presentétl strings of digits (or letters) sequentially, and
upon instruction are required to recall the
the last character to be displayed in the sequence). This task can be varied for difficulty
depending on hoviar back in the sequence the participant is required to r&mlizoulis
Mayfranket al.(2003) observed heavy users, moderate users andsers(as described in
Chapter 2.3.Pperformance on a-Back task (whereby participants musspond to a
stimulusif it is the same as one presented trals earlie}, no significant beveen group
differences were observed on measures of performance on thiBaaskann, Fimnet al
(2003)subjected 11 heavy ecstasynss@@ male, rean age = 27, ML 258.18 tablefs 11
moderate ecstasy users (8 male, mage = 23.27, MLD= 27.36 tablefsand 11 healthy nen
user control¢8 male, mean age = 25.a64)threen-back tsks consisting afequential
presentation of single lettels the Gback conditionparticipantshad to respondihen a
stimulus in the sequer matched a target stimulus the tback condition, participants were
to respond to stimuli that matched the stimuli immediately preceding it, and irbiek 2
condition participants had to yendif the stimuli matched a stimulysesented 2 letters
earlier. Analysis of behavioural data revealed that although there was a main effect of
difficulty, there were no between group differences in performance on thénask18
month longitudinal midy (Daumann, Fischermann, Heekeegral.,2004), 30ecstasy users

(at time 1, whom had cenmed ecstasy regularly twice a month over a six moetiod or
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at least 20 occasions, excluded if they regularly use legal or illegal psychotropic drugs such

as opiates anbdenzodiazeping®r regular heavy use ofcalhol), which due to various
exclusion reasons reduced to 21 users (16 male, mean age = 24.93) attimpléted three
n-back tasks (0,1 andlack)at time 1 and 2o observe whethgrerformance deteriorates

over time wth continued/discontinued usghe 21 returning participants were subdivided

into those who had not consumed any MDMA or amphetamine in the 18 month period (n=8)

and those who reported continued ecstasy and amphetamine use of & tebkt? (n=9).
The remaining fouparticipants wee excluded from analysis due to sporadic MDMA and

amphetanine use between time 1 andThe two groups did not differ in performance at

baseline or follow up. However both groups tended to respond quicker at time 2 (significantly

at 2 back for abstinensars and {back for continuing users). The results suggest task

performance was not correlated with drug use patterns.

In summary it appeatbat ecstasy use has a more consigtffatt on memory
updating.Of the studieseviewed hergecstasy usengerformed consistently worse than non
drug controlon letter updating Montgomery & Fisk, 2008Vlontgomery, Fisk, Newcombe
& Murphy, 2005. Although there was no polydrug control group employed in either study,
greater use of MDMA was associated with myg@erformance. fie findings ardaowever,
more diversdor backwards digit spamNo differences between ecstasy users and correls
observed irseveralbf the studies reviewedédi & Redman, 2008; Bhattaclyag& Powell,
2001; Crdt et al.,2001; Gouzous-Mayfranket al, 2003;Nulsenet al, 2011; Reayt al.,
2006; Thomasiust al.,2006) However onef these (Nulserget al, 2011) was an EEG styd
with low n numbers, whicmayhavelackedthe statistical power to dstt behavioural
differences (thistudydid show between group differenceselectrophysiological measures
will be discussed in Chapter 5). Another (Reawl.,2006) failed to detect differences

between ecstasy usesind cannabis usetdowever, agliscussed by Cro#t al (2001)
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canrabis may play a role iacstasyrelatedimpairments Conversely GouzoulMayfranket

al. (2000) showed deficits in ecstasy users compared to cannabis matched controls, so this
warrants further exploration. Halpeehald €011) study could be useful in deciphering the
ecstasy/cannabis contution tothis taskdue tothis ecstasy using @oulation being relatively
pure.However there is debate about the interpretation of the findings, with Parrott (2011)
suggesting that ghresults here show evidence that intensity of dose is related to cognitive
impairment. Finally Bedi and Redm&2008)observed an MDMA relateelffecton

performance on this task with regression analysis nagtdanalysison this task suggests that

overal ecstasy use is associated with poor performance.

Spatial working memory performance was shown to be associated with intensity of
MDMA dose (Hanson & Luciana, 2010), and MDMA use was correlated with poor
performance in this measure by Montgomang Fisk(2008).Current and former users were
observed to be worse than rasers (Montgomery & Fisk, 2008&uggesting that this deficit
is persistentifter cessation of use. Moreowbe control group ére were not drug naive and
theseresults remairg after cantrolling for other drug use. As such it is unlikéhat the
deficit is due to continued cannabis uSemputation span regularly yields observable
deficits in ecstasy users relative to controls after covarying for other drgisket al.,

2004; Wareinget al.,2004)and this has also been observed to be persistent after cessation of
use(Wareinget al.,2004; Wareinget al.,2005) The Nback task in this review appsaio

have yielded fevecstasyrelateddeficits. However this may in palie duethese

neuroimaging studies recruiting low numbers of participants (Daunkaschermann,

Heekereret al.,2004) Moreover in these studieshe n-back task has not gone beyond-a 3

back difficulty, perhapsieficitsmaybecome more apparent with reasing difficulty.

Further to this, many of these studies have found differendbsir neurophysiological
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response (Daumarfiimm et al, 2003; DaumanrFischermann, Heekeren al.,2004) and

will be discussed further in Chapter 5.

Chapters 6 and Will investigateecstasyrelateddifferences in memory upding
using neuroimagintechniques (EEG anftNIRS). Pure memory tasks that tap this function
will be used in combination with the neuroimaging measures. For example computation span
relies heavilyon ability to conduct mentarithmetic which should be avoideds such the
n-back task will be used in combiian with EEG Furthermore the difficulty of the task will
be increased beyond the level that has been usedpsévin the research. Lettepdating
and spatial updatingsks will be used in combination with fNIRfB Chapter 7due tothese
tasks consistently yielding behavioural differences. Using these tasks in combination with

fNIRS will allow the neurophysiological mechanisms underlypegformance to be observed.

3.2.4 Access to semantic/long ternemmory

The fourth component of the central executiaecesso semantic/long term memory
(referred to as 0 aasaddeddpFisind Shanp (2004). Thisgundtiont o n)
involves word fluency andfficiency of lexical access. Retrieval of words and semantics
involves the ability to acces$Be long term memory storeh@& efficiency withwhich this can
occur isdependent on areas of the DLP{&Iusset al, 1998), amongsither subcortida
networks Tasks that have classically been used to study this function in the ecstasy literature
include RLG and the Chicago Word Fluency TESKVFT). RLG is understood to load on
two executive processes, tWialphabetic sequences and letter repeats loading on inhibition

and redindancy loading on access

Murphyet al (2011) obsenabthat ecstasy users (described in Chapter)3.2.2
performed significantly worse than drugivecontrols but not compared to naabis only

users on the redundancy measure of RLG, whichggesied to load on acce$$ie cannabis
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only group did not have a significantly lower redundancy scamgared to drug naive
controls.However regression analysiglded a significantelationship between cannabis use
and redundancy, whereas MDMA use did not. Furthermore members of the ecstasy user
group had very high cannabis consumption totals that perhaps contributed to the significant
divergence from drug naive controls in the as@lyVareinget al (2000) observed that

current and former ecstasy users performvetse tharcontrols on the redundancy measure

of RLG, however this result was not replichteith a larger sample by Figk al. (2004) or

by Montgomery, Fisk, Newcombe aMlrphy (2005).

The CWFTis a measure of word fluency thaguires access to semantic long term
memory In this pencil andpaper task, there are usually thlocks that increase in difficulty.
In the first block participants are required to write dasmany wordseginning with the
letter S,as possible in five minutesh& following blockrequires participants to wetdown
wordsbeginning with C, with the added rastion that they must only use folatter words.
Furthermore in block two the time in which participants are given to prodois is
reduced to fouminutes.Participantear e i nstructed to avoid place
plurals.This task is usually coupled with a semantic fluetask which requires participants
to name as many animals (including breeds withircisgg as possible in a four minute
period. The number of appropriate words is given as the total score for each fluency measure.
Using theselfiency measures Montgomefisk, Newcombe and Murph{2005) observed a
main effect of ecstasyseon word fluencyEcstasyusersproducedsignificantly less S letter
and Cletter wordghan noruser controlsThis difference was greatdstthe C letter
category, which places mocenstraints upon participants and is therefore more demanding.
Group differenceonthe semantic fluency measure wagg significant. Due to the small
amounts of illicit drug use in the narser sample in this study, correlations of performance

with different measures of ecstasy, amphetamine, cocaine and cannabis use were performed
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to investigate the influence of other drug nseword fluencyAlthough measures of ecstasy
were correlated with word fluency performance, measures of cocaimeetssimilary
correlated anas such it is difficult to attribute the observed effects solely to MDMA use in
this studyMontgomeryet al (2007)again observed significant performance deficits in
ecstasy usemsompared to nowisers @ a composite measure of word fluency (letter fluency
T C letter words and S letter words combined) after covarying for semantic fluency and
controlling for sleep. However, this study was an analysis of participants from several studies
from this researchab, and so included the data from the 2005 stdéyfernanet al (2001)
measured word fluency/semantic fluency in a similar task with 30 ecstasy users (17 male,
mean age3.9, mean use = 5.6 tablets per month) and 37usercontrols (L0 male mean

age 25.% In this study, verbal fluency was measured byipi@dnts writing down amany C
letter wordsas possiblén one minute. Semantic fluency wasasured by namirggsmany
animals as possible in a one minute time fraamela combined verbal/semantic fluency
measuravas obtaineavherdy participants hatb recall as many household objects
begnning with T as possible ianeminute Amounts of cannabis, cocaine and atakse

were incorporated into alnalysisof Covarianceand it was observed that the ecstasy user
group performed significantly worse on verbal fluency, semantic fluency and verbal/semantic
fluency.Fisk and Montgomery (200@pmpared performance t¢ime CWFT (S letter words
and 4 letter C words) in ecstasy users (n=117, 64,maan age = 21.68, MLD 328.55
tabletg, cannabis only users (n=53, 17 matean age = 20.9@&nd norusers of illicit drugs
(57, 14 malemean age = 20.9and observed thafter controlling for sleep measures,

ecstasy users stilhewed deficits in performance time CWFT.

An oral variant of the CWFT is also frequently used as a measure of word fluency
known as the Controlled Oral Word Association task (COWA) or the 8IS this usually

involves participants orally producing words beginning with F, followed by weedsining
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with A and then S in onminute periodsResults using this variant of the task have provided

less consistent findingslalpernet al (2004) obsered no performance differences on this

task between heavy users, moderate users and no(sasapde described in Chapter 3)2.1

Bedi and Redman (2008) found no differences at the group level (45 ecstasy users, 48
cannabis oly users, 40 legal drug usetescribed in Chapter 3.2.for COWA, and MDMA

use variables did ngredict word fluency performance in a regression analygsganet al.

(2002) used the COWA task with 18 current heavy ecstasy users who also used other illicit
drugs, 15 abstinent (East 6 months) heavy ecstasy users, who continued to use other illicit
drugs, 16 polydrug controls who had never taken ecstasy but had similar pattern of other drug
use and 15 drug naive contr¢gample described in Chapter 3.2 2fatisticalanalysis

revealed no significant between group differences on this measure of verbal fluency, although
there was a trend for ecstasy user groups to perform worse on a category fluency task
whereby participants had 90 seconds to name as many fruits as possibleddiip90

secondgo name as many vegetables as possible.

Bhattacharyand Powell (2001pbservedcstasyrelateddeficitsin word fluency
using the COWA. In this samplparticipants were divided into groups of nonugars 20,
mean age = 22.1hoviceuserg(n = 18, mean age = 23,8-5 lifetime dosekregular usergn
=26, meanage =23.8 mod a l | i f eahd cumentlydabssirers us€rs=36l )
mean age = 24.6odal lifetime dose®51). All threeMDMA user groups performed
significantly worse than nofusers on this tasklanson and Luciana (200d)socompared
ecstasy users (n=264 male, mean age = 21.3, mean occasions of use a64.3
individuals with no history of MDMA use (126, 14 male, meaage = 20.Y;, Althoughusers
and nonusers had equivalent performance&imber of words generated, it was observed
that ecstasy users produced more-hreaking errors. Furthermore in an exploratory analysis

of MDMA users with MDMA abuse/dependence (asat#ed by the DSMV) versesnon
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problemMDMA users, it was observed that those vathlinicaldiagnosis produced

significantly fewer words thathose withoutHanson and Luciana (2010) again assessed this

function using the COWA in polydrug users armtcols observingno between group

differences a verbal working memory. e to the polydrug user group in this study also

containing participants who had never used ecstasy, regression analyses were conducted to
observe contributions of individual drugs e neuropsychological measures. It was

concluded that MDMA did not correlate with performance on verbal working me@ooit.
etal(2001) assessed COWA along with word fluer
naive controlg§mean age = 23.5) 1 ecstasy/cannabis usérea age = 25.7, MLB=41.9

tablets)and 18 cannabis only usémmean age = 26.6No differences were observed between

drug user groups on this task, however witerg user groups were combined and compared
tononusersitwasbserved that controls performed bet:
word fluency After covarying for total cannabis use, total MDMA use, frequency of cannabis

use and frequency of MDMA use the authors concluded that the effects observed may be

more reléed to cannabis use than MDMA use.

More recentlyRaj et al. (2010)assesed 16 polysubstance users (10 malean age =
23.6,12 with a history of MDMA usemearepisode®f use = 43.3Bon a task that probed
semantic verbal memypin a preliminary fMRI studyThis task consisted of a word and
pseudeword encoding period andveord and pseudword recognition period. During each
encoding phase participants weeguired to memorise a group of fizaglish words and or
a group of fivgpronounceableseudewords After this they were presented with homophone
pairs €.g.prey/pray, one of which was novel, the other of which would have appeared in the
encodirg period.Participants had to identify which of the homopks was previously
presentedPseudewords wereDutchwords, and pseudword homophone counterparts were

synthesisednglishwords based on pronunciatidinglish words in the encoding phase
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should have a greater semantic association for participants and as such the difference between
words and pseudwords should isolate semantic memory. Correlations between drugdise an
performance on task measures (correct responses, omission errors, commission errors and
reaction time for correct responses) revealed that MDMA was not associtdtedaggnition

task measuregiowever total lifetime cannabis joints was significantlgatevely correlated

with accuracy (number of commission errors) on theupo word part of the task. Moreover,
lifetime exposure to cannabis (both episodes and total joints) was significantly negatively
correlated with reaction timen the word part of theask.However due to the nature of this
preliminary study and the small sample used, the results need to be treated with caution. The

results from fMRI will be discussed in Chapter 5.

In summary it appears that there is evideiocecstasyrelateddefidts in word
fluency usinghe written variant of the CWFHowever one of these studies (Montgomery
et al.2007) includes data from tin€2005 study thatlmserved deficits in this taskhe results
are less consistent when the task takes on aroonat. However using the FAS omainute
version, does not prade a variant of difficulty likehe CWFT does, and ass observed by
Montgomery, Fisk, Newcombe and Murp{B005) ecstasy users temal perform worse in
more difficult circumstances when greatemdds placed on the centradezutive.Further to
this, it may be that ovea short period of time (1 minute) ecstasy uperform
comparativelyto controls. Perhagdsenger period (such as 4 or 5 minutes in the CWFT) of
sustained loadn the central exeutive, may uncoveeffectsof difficulty and load Using the
short variant COWAHanson and Luciana (2004) obserypeadformance deficits in ecstasy
users. kdwever thisvas only with number of rulbreaking errors rather than perfomea on
fluency measuie This may reflectcstasy useaslifficulty in following instructions rather
thanddficits in accessFurthermore thgeresults were not replicated in a follow up study

(Hanson & Luciana, 2010The RLG studies xeewed show mixed results, with two
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suggesting performance deficits in ecstasy uddusphy et al.,2011; Wareinget al, 2000)

and others suggestimp such observable differences (Fetlal.,2004; Montgomery, Fisk,
Newcombe & Murphy2005).Moreover,Murphy et al (2011) suggest that germance is
morecorrelated with cannabis uggannabis use was also put forward as a greater predictor
of performance on the COWA by Crat al. (2001) and in a novel semantic tdskRajet al.
(2011), so it would seem that the relationship betwearftiniction, MDMA and cannabis

use needs further exploration.

This thesis will fully investigate the role ofgtasy in access to semantic long term
memory The addition of neuroimaging techniques may providealde insight into the
nature ofprocessing mechanisms involviedthis executive function and untangle the
inconsistent evidence in timeuropsychological literatur&his function is assessed

behaviourally and with EEG in Chapt& and with fNIRS in Chapter. 8
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Table 3.1: Summary of studies involving behavioural assessment of executive function in ecstasy users

Function/Authors

Switching

Foxet al(2001)

Thomasiuget al.(2003)

BackMadrugaet al. (2003)

Halpernet al. (2004)

Halpernet al. (2011)

Foxet al.(2002)

Montgomery, Fisk, Newcombe and
Murphy (2005)

Sample Details Task

20 o6problemd ecsta WCST
problem ecstasy us
controls

30 current ecstasy users, 31 former user WCST
(abstinence of at least 5 months), 29
polydrug controls, 30 drug naive controls

22 ecstasy users, 28 controls WCST

23 ecstasy users with minimal exposure WCST
other drugs, 16 ecstasy naive controls
involved in rave subculture

52 ecstasy users with minimal exposure WCST
other drugs, 59 ecstasgive controls
involved in rave subculture

20 ecstasy polydrug users, 20 polydrug 3D IDED task
controls

Switching Go/NoGo

51 ecstasy polydrug users, 42 ngger NumberLetter task
controls
PlusMinus task

Main Findings

No performance differences between groups, and no
effect of lifetime dose on performance.

Polydrug controls produced significantly higher amour
of perseverative errors than both ecstasy groups. No «
differences observed.

No performance differences observed on WCST

No significant performancedifferences on WCST.
However after subdividing ecstasy users into heavy ai
moderate users, heavy users performed worse than n
users on fAitotal categor.i

No significant between groups differences. However

after subdividing ecstasy users into heavy and moder:
user s, moder ate users sh
categorieso score compar

No between groups differences on frewersal trials.
However ecstasy users slower than controls at all leve
of reversal condition indicating performance deficits.

No between groups differences observed on any of th
measures analysed on the task

No differences between users and-users on this task

No betweergroups differences observed on this task.
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Dafters (2006)

Dafterset al.(1999)

Dafterset al.(2004)

Von Geusatet al.(2004)

Inhibitory Control

Morganet al.(2002)

Dafters (2006)

Back-Madrugaet al (2003)

GouzoulisMayfranket al (2000)

18 ecstasy users, 15 ecstasy users who Stroop task
completed task in reverse order, 17
cannabis only users, 18 drug naive

controls.

24 recreational drug users BADS rule shift cards
test

16 heavy ecstasy (+50 tablets) and BADS rule shift cads

cannabis users, 19 light ecstasy(( test

tablets) and cannabis users, 15 cannabis

only users, 19 drug naive controls.

26 ecstasy users, 33 naser controls DotsTriangles and

LocalGlobal tasks

18 current ecstasy users, 15 former ecst. Stroop task
users (abstinent for at least 6 months), 1
polydrug controls, 15 drug naive controls

18 ecstasy users, 15 ecstasy usdrg Modified Stroop task
completed task in reverse order, 17

cannabis only users, 18 drug naive

controls.

22 ecstasy users, 28 controls (not Stroop task
specified)

28 ecstasy users, 28 cannabis users, 28 Stroop task
drug naive controls

Ecstasy users performed worse than both cannabis us
and nondrug user groups on the switching component
the task, after covarying for other drug use

MDMA use was negatively correlated with performanc
on the task

No significant differences between groups after
covarying for alcohol, amphetamine cocaine and LSD

Male users significantly higher switch cost reaction tirr
than nonusers in the dots triangles task, although
significantly more accurate. On the Logalobal task
male users were significantly slower than controls and
had a higher switch cost. Howevertagvas no
significant difference in accuracy on this task.

No between groups differences (error or reaction time

No significant between groups differences on the
magnitude of Stroop interference reaction times (pre
potent response inhibition). However ecstasysise
showed a reduced priming effect (reduced short term
residual inhibition) compared to both other groups.

No between groups differences observed.

No between groups differences observed.
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Halpernet al. (2004)

Halpernet al. (2011)

Wagneret al. (2012)

Wareinget al.(2000)

Fisk et al.(2004)

Montgomery, Fisk, Newcombe and
Murphy (2005)

Murphyet al.(2011)

23 ecstasy users with minimal exposure Stroop task
other drugs, 16 ecstasy naive controls
involved in rave subculture

52 ecstasy users with minimal exposure Stroop task
other drugs, 59 ecstasy naive controls
involved in rave subculture

Longitudinal study on 149 new ecstasy  Stroop task (German
users (<5 MDMA use occasions before variant)

participating in the study). One year follo

up yielded 43 interim nonsers, and 23

regular ecstasy users. Remaining

participants excluded from follow up

analysis

10 ecstasy, users, 10 former users, 16 nt RLG
users

44 ecstasy users, @nusers controls RLG

51 ecstasy polydrug users, 42 ngger RLG

controls

15 ecstasy users, 12 cannabis only users RLG
12 drug naive controls

Ecstasy related performance deficits observed after
dividing users into heavy and moderate users, wherek
heavy users showed significantly longer reaction time:
and more Stroop errors on interference trials compare
controls.

No ecstasy related performance deficits on the Stroop
task.

No significant performance differences between grou,
or between baseline and follow up sessions

Ecstasy users (both groups) performextse than
controls (more vowel intrusions at all 3 rates, and high
redundancy and lower number of letters produced at t
1s rate). Ecstasy users perform worse when greater
demand is placed on them

Ecstasy users unimpaired on all measures of performi
relative to controls.

Ecstasy users show improved performance, producing
significantly more letters than controls. Differences on
other performance measures on this task were non
significant.

No between group differences observeddiphabetic
sequences or repeat sequences (measures of impulsi
Ecstasy use did not predict performance on these
measures. However differences were observed on
Airedundancyo which rel at
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Clark et al.(2009)

GouzoulisMayfranket al (2003)

Roberts and &ravan (2010)

Hanson and Luciana

Hoshiet al. (2007)

Updating

Montgomery, FiskNewcombe and
Murphy (2005)

Montgomery and Fisk (2008)

Fisket al.(2004)

46 ecstasy users, l4rfoer users
(abstinence of at least 1 year), 15 cannal
users, 19 drug naive controls

60 ecstasy users (30 heavy users, 30
moderate users), 30 narser controls

20 ecstasy users, 20 drug naive controls
52 polydrug users, 29 nairug controls

25 ecstasy users, 28 former users, 29
polydrug controls, 27 drug naive controls

27 ecstasy users, 34 naeers

73 ecstasy users, 73 naser controls

44 ecstasysers, 59 nowmsers controls

IST

Go/NoGo

Go/NoGo

Go/NoGo

Go/NoGo

Letter updating

Computation span

Letter updating

Spatial updating

Computation span

Cannabis users opened significantly less boxes than
current ecstasy users, and this difference was
approaching significance with former users and drug
naive controls

Ecstasy users split into heavy and moderate users. Nt
performance differences observed between groups or
task

No between groups performance differences observe(
No MDMA related deficits observed for Go/NoGo

Ecstasy users and polydrug users impaired on this tas
compared to former ecstasy users and drug naive
controls.

Ecstasy users performed significantly worse than cont

Ecstasy users performed significantly worse than cont

Ecstasy users with simple spans of five and six
performed worse than narsers. Higher levels of ecstas
use were associated with poorer performance on the t
whereas indicators of cocaine and cannab&were not
correlated with updating performance

Ecstasy users with spatial span of five, performed
significantly worse than controls. Heavy ecstasy use v
correlated with poorer performance

Ecstasy users performed significantly worse than cont
after covarying for cannabis, amphetamine, cocaine,
alcohol use and daily cigarette use.
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Wareinget al.(2004)

Wareinget al.(2005)

Hanson and Luciana (2010)

Reayet al.(2006)

GouzoulisMayfranket al.(2003)

GouzoulisMayfranket al.(2000)

Nulsenet al.(2011)

Croft et al. (2001)

42 ecstasy users, 17 former users
(abstinent for at least 6 months), 31 non
user controls

36 ecstasy users, 12 former users, 31 nc
user controls

52 polydrug users, 29 nedrug controls

15 ecstasy users, 15 polydrug controls

60 ecstasy users (30 heavy users, 30
moderate users), 30 naser controls

28 ecstasy users, 28 cannabis users, 28
drug naive controls

11 ecstasy users, 13 polydrug controls, 1
non-drug controls

11 ecstasy/cannabis users, 18 cannabis
only users, 31 drug naive controls

Computation span

Computation span

Spatial updating

SDRT

Backwards digit span

Backwards digit span

N-back

Backwards digit span
Backwards (and
forwards) digit span

Backwards (and
forwards) digit span

Performance worse for both ecstasy groups compared
controls

Ecstasy users and former users both performed
significantly worse in computation span task performan

Both groups of ecstasy users performed significantly
worse than nowsers.

Polydrug users had poorer spatial memory spans, and
more negatively impacted by increasing delay intervals
than controls. Working memory summary score was
negatively correlated with average number of ecstasy
tablets consumed per session, as well as maximum nui
of tablets ever taken in one session

No performance differences observed after controlling 1
cannabis, cocain@jcohol and tobacco

No performance differences between heavy ecstasy us
moderate users and nosers

No between group differences observed

Ecstasy users performed significantly worse than drug
naive and cannabis matched controls

No main effect of group on performance

Significant differences between drug naive controls anc
combined (both MDMA/cannabis users and cannabis o
users) drug user group were observed. No difference
between ecstasy/cannabis users and cannabis only ust
Covarying for MDMA consumption had little effect on
results
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Halpernet al (2011) 52 ecstasy users with minimal exposure Backwards digit span  Ecstasy users showed modpstformance deficits,
other drugs, 59 ecstasy naive controls scoring lower for correct repeated sequences.
involved in rave subculture

Bedi and Redman (2008) 45 ecstasy users, 48 cannabis users, 40 Backwards digit span  No between groups differences observed. Lifetime ecsi
legal drug use controls use showed weakegative sempartial correlation with
performance
Thomasiuget al. (2003) 30 current ecstasy users, 31 former user Backwards digit span  No ecstasy related performandeficits

(abstinence of at least 5 months), 29
polydrug controls, 30 drug naive controls

Bhattacharay and Powell (2001) 26 regular ecstasy users, 18 novice ecst. Backwards digit span  No between groups performance differences
users, 16 currently abstinent ecstasy use
(abstinence of at least 30 days) and 20
non-user controls

Daumann, Fimnet al (2003) 11 heavy ecstasy users, 11 moderate n-back No between groups performance differences
ecstasy users, 11 naiser controls

Daumann, Fischermann, Heekegdral. 18 month longitudinal study with 30 n-back No performance differences between groups at baselin
(2003) ecstasy users at time 1, which reduced ti follow up.

21 users at time 2. These were subdivide

into those who &d not consumed MDMA

or amphetamine in the 18 month period

(n=8) and those who continued to use

ecstasy and amphetamine (n=9). The

remaining four participants were exclude

from analysis due to sporadic MDMA an(

amphetamine use between time 1 and 2



Access

Montgomery, Fisk, Newcombe and
Murphy (2005)

Montgomeryet al. (2007)

Heffernanet al. (2001)

Fisk and Montgomery (2009)

Halpernet al (2004)

Bedi andRedman (2008)

Morganet al. (2002)

Bhattacharayrd Powell (2001)

27 ecstasy users, 34 nagers

36 ecstasy users, 63 nrenstasy users

30 ecstasy users, 37 naser controls

117 ecstasy users, 53 cannabis only use
57 nondrug controls

23 ecstasy users with minimal exposure
other drugs, 16 ecstasy naive controls
involved in rave subculture

45 ecstasy users, 48 cannabis users, 40
legal drug use controls

18 current ecstasy users, fbsmer ecstasy
users (abstinent for at least 6 months), 1
polydrug controls, 15 drug naive controls

26 regular ecstasy users, 18 novice ecst
users, 16 currently abstinent ecstasy use
(abstinence of at least 30 days) and 20
norruser controls

CWFT

CWFT

CWEFT and
verbal/semantic
fluency

CWFT

COWA

COWA

COWA

COWA

Ecstasy users produced significantly less S lettelrC
letter words than neaoser controls.

Significant performance deficits observed in ecstasy us
compared to nomsers on a composite measure of word
fluency (letter fluency C letter words and S letter words
combined). However, this study included data from the
2005 study

Ecstasy users significantly impaired in verthaéncy,
semantic fluency and verbal/semantic fluency

Ecstasy users performed worse than both control grot
in on the CWFT after controlling for sleep asaires.

No performance differences observed between heavy
users, moderate users and {users

No performance differences observed between group:
MDMA use also did not predict performance in
regression analyses.

No performance differences observed on the COWA.
However a trend for ecstasy users to perform worse o
category fluency task.

All 3 ecstasy user groups performed significantly wors
than noruser controls
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Hanson and Luciana (2004)

Hanson and Luciana (2010)

Croft et al.(2001)

Rajet al (2010)

26 ecstasy users, 26 raser controls COWA

52 polydrug users, 29 nairug controls COWA

11 ecstasy/cannabis users, 18 cannabis COWA
only users, 31 drug naive controls

16 polysubstance users Semantic verbal
memory task

Equivalent performance between groups. However
ecstasy users produced more rule breaking errors.
Subsequent analysis between problem andpmohlem
MDMA users showed thatroblem users produced fewe
words than nofproblem users

MDMA use did not correlate with performance deficits

No differences were observed between drug user grot
However a combined drug user group (ecstasy user a
cannabis users) performed worse than-user controls
on the déani mal sbé compone
covarying for MDMA and cannabis use indices the
authors concluded that the effects observed may be n
related to cannabis use than MDMA use

MDMA was not correlated with recognitiaask
measures. However total lifetime cannabis joints was
significantly negatively correlated with accuracy and
lifetime exposure to cannabis (both episodes and tota
joints) was significantly negatively correlated with
reaction time
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Chapter 4Neurophysiology andeuroimaging as indicators of cognition.

4.1 EEG

Physiological Basis of the EEG Signal

Neuronscommunicateria action potentialg/hich are discrete voltage spikes
generated in the cell bodlgattravel down the axon to axon terminalkere
neurotransmittes are then releasetiheoreticallytwo neuons with action potentials that are
sent simultaneolysvia parallel axons that end simultaneous firingvould summate for a
voltage recording at aglectode. However, this rarely happens. Instesight differences (at
the microsecond level) in neuronal firing typicallyhcal out action potentials ohfferent
axons and arthereforenot detectable from electrodes at the scalp. As such the pddenti

usually observed with an EE@flect post synaptic potentsLuck, 2005).

Post synaptic potentials are voltages that oettherafter an agon potential has
travelled alonghe axorfibre to an excitatorgynapse causing and excitatory postsyinapt
potential or an action potential travels along a fibre ending imaibitory synapsevhere
hyperpolarization occuygsulminating in an inhibitory post synaptic poten{i@peckman &
Elger, 2005)Neurotransmitters bintb the membrane on the post synaptic whlich causes
the opening or closing of an ion channel, resulting in a change in potential at the cell
membrane (Luck, 2005Wnlike action potentials, whose durations are only milliseconds in
length, postsynaptic potentials are longer, potentially lasting bdadf milliseconddf
there is coherence between neurores fiany receiving excitatory neurotransmitter and in a
similar orientation), then post synappotentials may summate and their voltagék be

measurable at the scalpghaul, 1998).
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EEG recording and qocessing

EEG recordingnvolves the measurement, amplification and recording of differences
between fluctuating electrical field potentials over tifikampet al, 2005) EEG recordings
should adequately represent the spatial distobubif potentials over the scalpsAuch
recording from severalectrodes simultaneously imperative It is routine for a large

number of electrodes to Ipdacedover the scalp of a participant

During a conventioal EEG recording session an electrode cap is fitted to a
participanés head and electrodes are plaiced standardised positions in the electrode cap.
A suitable conducting gel is used to form an electrolyte bridge between the participants head
and each electrod&he placement of the electrodes usually corresponds to the Staadardis
International 120 system.This system is based upon internationally recognised anatomical
landmarks onhte skull andallows for consistency of electrode names and locations across
research laboratorieshe electrodes themselves have an input amplifier and measurement of
electrical fieldpotentials occurs here. The necessity of input amplification is due to relatively
low signal voltage amplitudes at the sc&mce the electrodes have acquired the ElgGasi
and it has been amplified it is necessary to convert the signal from a continuous analogue
voltage to a discrete digital one that is compatitite a computer for display, analysis and

storage of data (Luck, 2005).

As voltage is the potential forairrent to move between two points, the signal at an
electrode represents the difference between the voltage at an electrode site and a predefined
reference electrode site (Luck, 200bhere are several ways in which a reference can be
provided, includig a common average reference repreing the mean of all scalp

electrodes, linked earlobes or mastoids or the vertex (Hageshah2001) andLaplacian

58



cal cul ations based on differ enc eosuelEErodese e n

(Nunezet al.,1997).

Event Related Potentials andraponents

If EEG as a general method is used to investigate brain reactions to a variety of
stimuli, then Event Related Potentials (ERPs) can be globally understood as EEG changes
that are tine-locked to a stimulufLopes da Silva, 2005They are déned in the time
domain as electrical activity from the brain that is causedl jpgrticular event or stimulus.

As auch ERPs are used to quantify the neurophysiological response to a stimulus and

differences between groups atwhdtions can be observed (Duncanal.,2009.

ERPs have distinct advantageg&r measurements of speed and accuracy of motor
responses, the first being that they provide a continuous measure of cognitive processing
giving rise to the possibility of determining the stage at which processing is affected by
experimental manipulatiofluck, 2005).The second is that they can provide a measure of
processing of stimuli in cases where nodabural response is requirdeébr example
attended versus ignored stimuli (Luck, 2005) sustat used in a Go/NoGo tagk.
disadvantage however is that functional significance of an ERP is oleiaa as that of a

behavioural response, which is perhaps why it is necessary to obstrve bo

Due to ERPs being small, a relatively large number of trials are necessary to measure
them adequately. However due to the fact that ERPs arddaked to an evensingle ERP
waveforms can be averaged together to cregtarad average (maawavefom. It is these
grandaveraged waveforms that are usually presented in research papers, and they reflect
more clearly defined positive and negative deflections that are understood as components

(Luck, 2005).
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ERP components are usually labelled in such athatyrefers to their polarity (P =
positive, N=negativé and their position in the waveform or time (&tample P1 would
refer to the firspositive component). Some of these components have been described by
Luck (2005) for example P1 is a very earbsfiive going componertypically largest at

lateral occipital electrodethat usually peaks between 100 and 13Ghis appears sensitive

to spatial attention and arousal and is not considered to be affected by top down processes.

The NL component follars the P1 wavand hagwo posterior components that peak usually
around 15200ms and again reflect spatial attention, although there is suggestion that this
component is involved idiscriminative processing. The secgrasitive component P2

follows theN1 at arterior and central electrodeBnis component isisually largein trials

that contain targdeatures whiclare fairly simple, so this is an early processing stége.

P2 wave can be observed at anterior and central sites, and elicits adspgaise to simple
target features that are relatively infrequent (Luck & Hillyard, 19%#4)s component

precedes the N2 and is suggested to be involved in the initial inhibition from further

processing in targettimuli (Hansen & Hillyard, 198).

The N2 and P3 components are maidely studiedandas such will be described in
more detail herelThe N2 family has several studiedmponentsa basic N2 can be observed
with a repetitive noftarget stimulus. However if other deviant stimuli are presented within a
repetitive sequence then a larger amplitatithis basic N2s observedTask relevant
deviants evoke a later N2 effect (sometinedsmred to as N2b) which appears largest over
central (for auditory stimuli) and parietal (for visual stimslies;this component is assumed
to reflect stimulus categorisation processes (Luck, 200t.N2 component is observed to
be involved in inhildion as this component has been suggested to reflect stimulus
discrimination(Ritter et al, 1982)and is therefore an important measure of response

inhibition. Kok et al.(2004) suggeghe N2 componerghows greater amplitude in trials
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where inhibition of response is required (NoGo) than no inhibition)(tdals. Moreover

amplitude of N2 is more prominent in unsuccessful inhibition trials. The N2 component is
associated with errors i.e ierr or negativityo or Ne), and i
This has been suggested to be a product of activity in medial frontal regions such as the

anterior cingula¢ (Bekkeret al, 2005).

The P3 wavdollows the N2 wave, and can be subdivided into a frontally maximum
P3a component that will increase with »pected task irrelevant stimwand P3b component
that s largest over parietal sitddsually when studies refer to the P3 component, it is
actualy the P3b that they are referring Tozpically cognitive impairment is associated with
alterations to the P3 amplitude or latency due to the P3 being involved in higher level
processg of stimuli. This componer@ncompasses frontpharieto network activation
(Gaspaet al, 2011) and in normal populations decreases in the amplitude potential reflects
increased cognitive load, and diminished P3 reflects cognitive dysfunction.rlateyecies
and smaller amplitude of the P3 response are indicative of cognitive impaifther®3
component is also understood to be associated with the allocation of attentional resources

necessary for information processing ana aleemory functior{de Solaet al,, 2008)

Strengthsand Limitations of EEG

Due to EEG employing a high sampling rate (usually 512Hz) it has excellent temporal
resolution that allows tracking of neurophyemical processes at the neuronal rate
(milliseconds) (Liu & He, 2010)As described earlighis affords a continuous measure of
cognitive processing and direct understanding of how stimuli are processed and which stages
of processing are affected by experimental manipulation. Furthermore the EEG signal is
directly coupled to neuronalectricalactivity (Debeneet al.,2006) as opposed to inferred

indirect measurements of neuronal activity in neuroimaging methods that rely on
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haemodynamic spon®s such as fMRI and fNIREEG is considered to be much less
expensive than other techniques (for example fMRI) and isma@sive (Luck, 2005).
Furthermore systems such as the one used for data collection in thigBresesni AGAgCI
activetwo electode system Biosemi B.V, Amsterdam, Netherlandspntain their own
preamplifier, minimising electrode impedance, and this system is also portable and does not

require electrical shielding.

A major limitation of EEG is that it has poor spatial resolutronomparison to
haemodynamimeasurement counterpartdis is due tdhe electrodes being separated from
the source of the activity in the brain by cerebrospinal fluid, the skull and(baatez,
1981).The ambiguity of the location of active neurons is known as the mpeablem
(Michel et al.,2004) Many complex mathematical algoritteyhave been developed to
attempt to solve the so called inverse problem, howevey wfahese are constrained by a
priori assumptions on the gemation of EEG signals (Michet al.,2004). It is suggested that
the measurements contain inadequate infaomatbout the generators of the activity and as

such a perfect localizatidomography does not exist (PaaEMarqui, 1999).

4.2 FunctionalNearInfrared Spectroscopy (fNIRS).

Introduction and Physiological Basis of the Technique

fNIRS is a novehortinvasive optical neuroimaging techniqdeat is portable and is
used to measure the haemodynamic response to brain activatioat(akef2011) This isan
indirect neuroimaging measureméiised on the assumption that neuronal activity and
cerebral blood flow are tightly coupled (Holgetral, 2009;Villringer & Dirnagl, 1995).
More specifically fNIRS can be used to raeee oxygenation cinges to oxygenated
haemoglobin (my-Hb) and deoxygenated haemoglobin (debky) (Jobsis, 1977)oy

shining light in the near infrared range (A0900nm) directly onto the tissue af
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participantds forehead. Oxyge nchataetatisiand deoxy

optical propertiesn this light range (Izzetoglat al.,2004 and chromophores can change in
concentration with oxy and deoxygenated haemogldthns,light reflected back to a

detector will be attenuated by an increase in chromophores. The differences in light
attenuation can be attributed to the oxygenation changes in the haemoglobin. Typically this
type of neuroimaging will penetrate to structures arouSch#im of the cortex underlying the
skull (Firbanket al, 1998) Therefore forebrain structures such as the dorsolateral prefrontal
cortex (DLPFC) can be easily accessed and observedoiue DLPFC being prominent in
higher level processing, and due to these structures being easy to access with this type of
imaging, it has been used in several studies observing motor control and learnireg &l eff
2011), as well as more complex tagkat involve working memory and egory

discrimination (Izzetoglet al.,2004).

The Modified Beet.ambert Law

fNIRS raw signals are measuremeuitdight intensity (Ayazet al,, 2011)andoptical
density is measured awo wavelengths (one farxy-Hb and one fodeoxyHb). These are
chosen (within the 76000nm range) Is=ed on intensities wherelxy-Hb anddeoxyHb are
the dominant chromophores (abstitb majority of light) compared to other tissue
chromophoreg¢Ayaz et al.,2011). The isosbestic i (around 88nm) is the point at which
oxy-Hb anddeoxyHb absorption spectrums cros$ence a wavelength ate this is used to
asses®xy-Hb changes (850nm in this case) and a wavelength below the isosbestis point i
used to maximally assedsoxyHb changes {30nm) The Modified BeerLambert Lawis
used tocalculate relative changesamy-Hb anddeoxyHb from baseline. It isvorth noting
that levels obxy-Hb anddeoxyHb (given agumolar)are calculations that are relative to

baseline only, and it is not possible to derive absolute values of concentration with fNIRS.
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Optical density at a specific wavelength is calculated using the following formula

(Modified BeerLambertLaw):

0D; = lgg('r”"wll v g.ed+ G
Maue/ (from Ayazet al.,2011).

Whereby wavelength & )equal sothe logarithmic ratio of input light intensigiin)
and output (detected) light intensity (louthis (optical density OD) is also related to the
concentration (c) and extinctiaoefficient(e) of chromophores, as well as the corrected
distance between light source and detector (d) and a constant attenuation factor (@} (Ayaz
al., 2011).

Changes in chromophore concentration lead to changes in optical dinshy
calculatingoptical density changes at two wavelengths (850 and 730nm), and by applying
known extinction coefficients of oxib and deoxyHb at each of those wavelengths,

concentration changes in o¥ib and deoy-Hb can be determined (Boatal.,2001).
Data Colledion and Sensor Placement:

Conventional fNIRS recording requires a fNIRS headband that has several light
emitting diodes and sensors embedded in it.
ensuring that the sensors make contact with the skin (any hair preventing contaenbetw
sensor and skin should be moved) and that there is no ambient light leakage (to this end a
further headband may be placed over the fNIRS headband to limit light leakage). The

locations of sensors (voxelsan be observed irigure4.l
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Figure4.1. Voxel placement for fNIRS

TTTTLLD

ENEODODED

Fig 4.1 Depicts the sensor placement for the fNIRS headb@ddnumbers correspond to superior parts of the

PFC, even numbers correspond to inferior parts. Placement at 1 starts over the left side of thithovaxels
1-4 referringto the left DLPFC, voxels-B refer to left medial PFC, voxelsi2 refer to the ght medial PFC

and voxels 1316 refer to the right DLPFC.

Advantages and Limitations

There are a number of distinct advantages for studying the cortical response to
behavioural tasks using optical neuroimaging methods such as fNIRS. Firstly, as described
earlier the prefrontal cortex (PF@hichis understood to subserve executive functions and is
densely innervated with serotonergic axasgarticularly accessible using fNIRBeff et al.,
2011)due to these areas directly underlying the fNIRS sensors (opticallys#ueg. The
technology is also portable (only a headband is necessary to attach sensors to the forehead)
and robust to movement artefacts, affording measurement of realistic everyday tasés (Leff
al., 2011). Movement artefacts are apparent if theresisstined dip of the head due to
grautational effects on blood flow. évever unlike EEG the data is heffected by blinks,
body movements or vocalisation. This allows for verbal and written responses to tasks to be
measured. It is also not as restrietas other haemodynamic measures (fMRI) that require
participants to be confined to a set spaewl is far less susceptible to movement artefacts

compared to fMRIAnother important advantage in comparison to fMRI is that fNIRS
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obtains information ahd oxygenated haemoglobas well as degygenated haemoglohias
opposed to just deoxmb, as is thecase with fMRI (Schecklemaret al.,2010) Although
deoxyHb is more closelyihked to the BOLD response, oXb is understood to be the best
indicator ofactivation in fNIRS. Erthermore total haemoglobin (Hlan be calculatednd
as such fNIRS gives a mulliynamic haemoglobin response (Leffal, 2011).A further
advantage of fNIRS is that it is relatively low cost, flexible, portable and userlfriend

(Holperet al.,2009)

fNIRS doesalso have several disadvantagagnarily that in comparison to fMRI it
has relat/ely poor spatial resolutioAlthough placement is usually in line with the
standardised0-20 system of anatomical landmarks, it measures cortical activation but does
not provide anatomical information about the bitdia fMRI (Leff et al.,2011). Furthermore
the measurements are confined to relatively superficial cortical areas, as stichipg®f
the device determines the regions that are exanfit@d et al, 2008).Moreover fNIRS has

relatively poor temporal resolution in comparison to HE@Iis et al, 2008).

Summary

In summary, EEG and fNIR&n provide robust dat@hich detailsneural and
haemodpamic responses to activatideach method has considerable strengthigh are
important forthe current investigatiof.he excellent tempal resolutiorand direct
measurement of neuronal activihat EEG affords provides much needed information about
thestages of processing thatyrbe affected. Moreovehaemodynamic response to cortical
activationin areas of the PFC (which is hypothesised to be damaged with ecstasy use) can be
explored with fNIRS Taken together, these techniques will proadeealth of information
about how congitive processing mabe affected by use of ecstaBfEG and fNIRS data are

implemented in this thesis investigate functional atypicalities of cognitive processes in
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ecstasy usen®lative to controls. ERP alyais is relatively underused for assessrgcutive
function inecstasy users, and as such is implemented to achieve a holistic understanding of
the contribution of processing defgiin each executive functiofNIRS, to the authais
knowledge has not been used to assess cognitive deficits in ecstasy users, as such this is a
novel approach to the investigation of executive functions in ecstasy users as well as the

haemodynamic response to muiésking.
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Chapter 5: Review dfleuroimaging Studies in Ecstasy Users

Executive function and other cognitive detfscivere reviewed in Chapter Given the
dense innervation of serotomeuronsn prefrontal areast is understood that such deficits
may be mediatedy MDMA related danage to the serotonin systelnis believed that
repeated use of MDMA will lead to serotonergic neurotoxicity, or dozgulation of
serotonin receptoréndeed, in the animal literature MDMA has been observed to be toxic to
serotonin neuron&ee Ricaurtet al.,2000 for a review)in humans direct investigation of
serotonergic neutoxicity is difficult. However, various neuroimaging methodologies have
been employed to investigate the integrity of the serotontersyd his chapter reviews the
literature from neuroimaging studies in ecstasy useisimportant for this thesis to better
understand how MDMA use may affect neuronal activity, as atypicalities in neuronal
function are a more sensitive indicator ofgrdtal MDMA related neurotoxicity than residual
cognitive performance indicatofSach indicator of neuronal activity will be described at the
outset of each subchapter and the relationship between MDMA use and neuronal integrity

will be discussed.

5.1 Simgle-Photon Emission Computed Tomography (SPECT)

SinglePhoton Emission Computed Tomography (SPECT) is a neuroimaging method
that utilises radioligands for the labelling of serotonin transporters (SERT) in the brain, so
that they can be trackeshddensities of these receptors can be assessed. Owing tdithe 5
transporter being understood as a structural element oftfferteuron, it is a putative
reliable marker of the integrity ofBT neurons Reneman, Booij, Maje et al, 2007).

Moreover, lower densities ofET receptors observed with SPECT may reflect dan@age

the serotonin system, vMADMA use.
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The effect of MDMA use on cortic&HT2areceptor densities was assessed using
SPECTby Reneman, Habrakemt al. (2000) In this preliminary studythe radidigand
[1231]R91150was administered intravenouslyt6 MDMA users (7 male, nean age = 27,
MLD = 139 tabled, abstinent for at least 2 monjhS former user$4 male, mean age = 24,
MLD = 218 tablets and 10 healthgrug naivecortrol subjects (4 male, mean age 9.23
Mean corticab-HT2a receptor binding ratios were calculated (average of teftraght frontal,
parietal and occipital binding §1231]R9115() and it was observed that the current MDMA
user group had significantly lower bindingiostthan controls and former usefse
observed low corticaB-HT2areceptor densities in the current user group are suggested to be
due to downregulation of receptors owing to MDMA inducddTbrelease. However the
increase in corticadl-HT2areceptor densities (approaching significance) in the former user
group compadto controls is suggestéd be due to upregulation of post synaptidT2a
receptorsas a result of low synapticl3T caused by MDMA induced serotonergic

neurotoxicity

The same r&earch group (Reneman, Boeijal.,2000)investigated whether MDMA
use produced alterations to pgghaptics-HT2areceptors and memory function, by
administering the same radioligajfi®231]R9115Q as well as a verbal memory test (Rey
Auditory Veral Learning Test RAVLT) to 5SMDMA users ¢ mde, mean age = 23.6,

MLD = 218, mean time since last dose = 4.6 mgrahd 9 age and education matched
healthy control¢4 male, mean age = 22.&PECT imaging results revealed that overall
binding ratiosvere higher in the MDMA user group.dwever this only approached
significance in the occipital corteAgain it is suggested that the higher densit$-6fT2a
receptors, reflects upregulation of postsynapiitT2areceptors as a result oftbl' depletion.
Furthermore, performance on the memory task was significantly reduced in MDMA users

relative to contls and thisvas correlated with-HT2areceptor binding in the MDMA group.
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The authors suggest that these results reflect memory deficits tladirdmgtable to MDMA

induced 5HT deficits.

Serotonin transporter densities were examinétRiocurrent MDMAusers(11 male,
mean age = 26.2, ML= 485 tabletsmnean time since last use = 2rbnthg, 13 formerusers
(8 male, mea age = 25.3, MLD-= 268 tabletsmean time since last use = 29 rtihand13
controls (7 male, mean age =)2% Reneman, Lavalayet al.,(2001) This study used the
radioligand:iodine 123 a b e |-carbomé&Hoxy8 E4-iodophenyl) topane [ 1]b-CIT).
SERT and memory function (using the RAVLT)neeassessew observe if there were
corrdations between the two amdhether prolonged abstinence could lead to recovery of any
observed dficits. Qurrent MDMA users displayed lower cortidaf® 1]b-CIT binding than
controls, however no significant differences inding were observed between former users
and controls. Immediate and delayed recall performance on the RAVLT was poorer for both
ecstasy user groups relative to contrblewever this was not correlated w[t® 11b-CIT
binding It wasconcluded thathe lower SERTensities in current MDMA uss reflects
neurotoxic effects, whichmay be reversible after ces®n of use, wheredke effects on
memoy function may be long lasting. The same research group (Renenaj,ddédBruinet
al., 2001)used the same radioligand in a SPECT study to investigate the effects of sex, dose
and long term abstention from use of MDMA on serotar@arons. Fifteen moderate ecstasy
users 9 male, mean agemales 25.6, females 22MLD = 28.6 tabletsmean time since
last use = 3.6 months23 heavy userd @ male, mean age = males 27.1, femaled2R) =
530 tabletsmean time since last use = 2@mthg, 16 former users8(male, mean age =
males 26.4, females 241D = 268.1, mean time since last use = 29 mordhs) 15
controls(7 male, mean age = males 29.3, females)Z#&RBicipated in this study.HEre were
no between group differences ineagerbal intelligence or use of alcohol, tobacco and

cannabis, although MDMA usereporedmore use of amphetamines and cocaine than
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controls[*#*[]b-CIT binding ratios were significantly lower in female, but not male heavy
MDMA users compared to controls and this was true for all brain regions analysed. The
moderate user group showed equivalent binding ratios for males and females compared to
controk. Females showed significantly lower binding ratios than males in the former user
group,thoughthis did not differ significantly to control®verall SERTbinding and log
transformed previous MDMA useere significantly correlateh females but not in males.
These results suggest that MDMA use can lead to redsdtiaserotonin transporters treae
dependent on gendeandlevel of useThe study also suggests that MDMA induced

reductions in SERTs may be reversible after abstention in females.

Reneman, Baij et al (2002)investigated the densities of nigtaatal dogmine neurons in

29 ecstasy userd5 male, mean age = 26M|LD = 324 tablets), 9 ecstasy and amphetamine
users 6 male, mean age = 22N} D = 358 tablets) and 15 narser control¢7 male, mean
age = 26.1)ising the radioliganff*® 1]1b-CIT. It is understood that MDMA may affect the
dopaminergic system, arnablets sold as ecstasy may also contain known compounds that
cause dopaminergic neurotoxigisgich as (meth) amphetamine. Between group comparisons
revealed that*>*1]b-CIT binding ratbs were significantly higher in the ecstasy user group
compared to controls, wherefd€® 1]b-CIT binding ratios were significantly reduced in the
ecstasy + amphetamine grougative to ecstasgnly users lput not compared to controls)
Level use of ecssy and amphetamine did not correlate it 116-CIT binding ratios. The
authors suggest combined use of MDMA and amphetamine may lead to rddpeeaine
transporter densities.dwever this is most likely to result from the amphetamine use, given
thatecstasy alone does not appear tcehav effect on dopamine neurons, whereas
amphetamine has been observed to be neuwtoxiopamine neurons in aninsalidies(e.g.

Ricaurteet al.,1984)
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Changet al.(2000)used SPECT to assess cerebral blood {lG&F) in 21 ecstasy
users {7 malemean age = 43.4, MLE= 211 tabletsand 21 age, gender and
socioeconomically matched contr¢ls’ male, mean age = 43.K)DMA users showed only
slightly lowered ¢pbal CBF (2.3%) andhild but not signifcant reductions in regional CBF.
Differences in indridual regions were not significdptdifferent, anddrug use variables
(frequency, duration or recenayid notcorrelate significantly with global or regional CBF.
This study also investigated acetéects of MDMA administration. Eighparticipants were
administered MDMA on two separate occasions withinweek and were scanned agaifi 2
weeks laterGlobal and regional CBF SPECT scans post MDMA administration showed
decreases in CBF in most brain regions compared to baseline and to controls. Decreased
regional CBF was greatest in the caudate and superior paoneiaks, and right DLPFC.
These decreases were more pronounced in participants who received larger doses of MDMA

and most recently. Howevdrd data suggest that theféects may be transient

More recently Klomget al. (2012)suggested that age of first exposonay affect
serotonin trangprter densitiesSPECT analysis df?* 1]b-CIT was conducted in 33 ecstasy
users stratified for early exposed users (first use at between 14 and 18 years) and later
exposed users (first exposure between 18 and 36 years). ANOVA revealed a sigrifécant e

of age at first use imidbrain[*?®

[1b-CIT binding ratios (age at scan, gender, duration of use
and lifetime dose had no effect). There wigs @ strong significant negaticerrelation
between age of first use and midbrfiff []b-CIT binding ratiosin the early exposed group,
but not the late exposed group.eBk findings suggest that MDMA affetite developing

brain differently to the mature brain and MD

developmental stage of SERT and maturity of serattlansmitter function.

72



The sustained effect of MDMAN SERT densities in novel ecstasy useas
assessed by de Wet al. (2008), using the radioliganff*® 11b-CIT. In this prospective
study 188 ecstasy naive peaipiants witha high probability of ecstasy usere recruiteg
based on participants indicating intention to use in the near future. Participants underwent
SFECT imaging at baselirend again in a follow up imaging session3@months after
basline. By the follow up testing sessions, 59 participants that were still engaged with the
study had started to use ecstasy. This incidental ecstasy usethgicha mean lifetime dose
of six tablets (range of 0-80) with a mean timsince last use of 18.7 weeksom the initial
cohort of participantb6 that were still ecstasy naive were selected as controls, matched with
the ecstasy group for gender, age aadnabis use. At baseline theotgroups did not differ
significantly in their age, gender, verbal 1Q, SERT polymorphism, smoking, alcohol use, or
use of cannais, cocaine and amphetamineewever at follow up the novel ecstasy users
showed significantly increased consumption of altotennabis, cocaine and amphetamine
compared to the persistent ecstasy naive control ghupignificant effects of MDMA on
[1%1]b-CIT binding wereobserved, with no between groufifeiiences at baseline, failow
up, and no significant dose response effects of cumulative doses of MDMA on follow up

outcomes.

In summary, the majority of the literature of SPECT imagmecstasy users suggests
changes in SERT binding ratios. The evidence suggests thatisagyare likely to develop
reductions in subcortical serotonin transporter dengiResanan, Lavalayet al.,2001)and
thatthere appears to be dose dependent transient reductions in SERT whereby females are
more vulnerable than mal@eneman, Baij, de Bruinet al, 2001).RenemanBooij et al.

(2000 suggestncreases if1231]JR91150binding in ecstasy users, however this study was
conducted in a small sample of users (n=5) and the results only approached significance in

one area. Recency of lasts#omay also be of significance given tRa@nheman, Habrakest
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al. (2000), observed lowgt23I[R91150binding ratios in recent ecstasy users commgpao
former users and controls. Moreovierthe subacute effects observed by Chetngl. (2000)
deaeasesn CBF after ecstasy useere more pronounced in larger and moremedeses.
Klompetald s ( uiyisRggests that age at first exposure may play a key role in the
extent of serotonin transporter density reductionRedeman, Boij et ald £2002)results
suggest that MDMA may be a selectiveatenin neurotoxin(with amphetaminenore likely
to be culpable for striatal dopamine receptor reduagtiThe majority of studies show
reduced serotonin transporter densities followingasgstise, which is a putative rkar of 5
HT neurotoxicity.The only study that observed no alteration in SERT binding between
ecstasy users and nasergde Win, Jageet al.,2008) was conducted on novel ecstasy

users who had received relatively low doses of MDMA in comparison to other studies.

Evidence fronSPECT studies suggests a reduction in SERT densities astafesul
serotonergic neurotoxicityf this is thecase and neurotoxicity has occurred in the present
sample, differences in behavioural performance as well as changes in processing and

haemodynamic response to task may be observable in this thesis.

5.2 Electroencephalography (EEG)

EEG involves the measement of electrical activity at the scalp, using electrodes that
are placed alloverpa r t i deag. &sing this technique several methods can be used to
investigde various neuronal responsesr example Event Related Potentials (ERPS) are an
aggre@te ofpost synapti@action potentialshat are time locked to an event, whergasnt
Related Synchronisation (ERS) or Event Related Desynchronisation (ERD) reflect increases

or decreases in amplitudes of specific frequency bands in relation to an event.

Daftarset al.(1999) investigated the relationship between EEG variables (spectral

power and coherence) and cognitive/mood variables with level of MD&Awitha 128
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electrodeEEG apparatusn 23 recreational MDMA users (meage = 24 years)n this

study, six resting (eyes closed) epochs of 60 seconds were recorded from each participant
(with 20s rearousal periods between each recording) for spectral and coherence analysis.
Spedral analysis was conducted on opk&tively artefact free 60s epoch after visual

inspection The results from spectral analysis revealed that level of MDMA use is positively
correlated with an increase in alpha power across left frontal, left posterior and right posterior
areas of the lain. Use is also positively correlated with beta power in the left posterior region
and is negatively correlated with relative delta power dvemwhole scalpCoherence

analysis revealed weak but significant negative correlations between MDVekhdsges

located over visual tracts (003, O2T4). The authors suggest that these results (the
desynchronisation of EEG activityincreased high frequency bands alpha and beta coupled
with decrease in low frequency band delta) in MDMA users mimic resultsvelolsier ageing

populations.

Gammaegt al. (2006) assessed the ERP P3 component in response to an inhibition
task in 16 ecstasy polydrug use8snfale, mea age = 22.6, MLD= 270.2 tablets) and 17
controls (10 males, mean age = 26.0, less extensive drudc&ses were evoked by a
Continuous Performance Test (CPTXA this is analogous to a Go/NoGo task wheraby
participant in shown letters sequentially on a screen (&,B, E, F, G, H, J, L, X), and if an
O0A6 appears f ol | pastieiphntdre to esponthiyG .lblye pesentadion 6
of 6A6 acts as a cue inducing preparation of
inhibited if any letter othertma 6 X6 ERP$ ows .t he | etter foll owi
analysis and the size of the P3 response was calculated as the mean amplitude between 250
and 450ms. Midline electrodes Fz, Cz and Pz were used for analysis, as these had been
shown previouslyd produce maximal P3 amplitudehe averaged P3 amplitude for the 4

guadrants of scalp potential field were also compared (using electrodes Fp1, F3, F7, FC5 and
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FT9 for the anterior left quadrant, the corresponding electrodes on the right side of the scalp
were used for anterior right quadrant, P3, O1, T5, CP5, TP9 and PO9 were used for the
posterior left quadrant and the corresponding electrodes on the right side were used for the
anterior right quadrantl.he results showed that ecstasy users displageghdicantly

reduced P3 in relation to NoGo trials at midline etsbés Fz and CHowever after

controlling for age, education and cannabis use, Fz becarrgigroficant (p=.@). Quadrant
analysis revealed orsggnificant difference; in the posteriaght quadrant ecstasy users
displayed greater P3 positivity than contriolsowever this again became nsignificant

after controlling for confounders. There were no between grougrelif€es in latencies of P3.
Moreover Ifetime use of MDMA and cannabtid not correlate with ERP characteristics or
performance on the task. Task performance was also equitel®rgen groups. The authors
suggest that although lower P3 amplitudes in ecstasy users areesangist higher levels

of neuronadisinhibition, other results do not reflect disturbed inhibitory brain mechanisms.

Cognitive processingf ecstasy ugewas investigatedsingEEG by Mejis et al.
(2005)using a visual oddballtask.n t hi s parti cul ar Aoddball 6 p
men) were presented to participants. These were either, neutral or emotional (happy or
fearful). The neutral faces were the frequent stimuli (presented 84 ima block of 100
trials), and the emot i on adtimulithat wese presenteel 16t he i n
times in a block of 100 trials (8 x fearf@ x happy).This enables separation of attentional
(preparation to process) and response relgegbarationd respond) components of an ERP.

Thus theN2 component (peaking around 250msatipital electrodes) indicatasswitch of
attention (to prepare) and the P3(b) component (occurring ar@imisdat parietal sites)
relatesfunctionally to lder stages of processing that aomscioussuch as decision making
and premotor responsdsRPs were recorded from 14 MDMA usemse@n age = 24.64,

MLD = 14307tabletg and 14 controls (meayge= 25.57 matched foiscaes for depression

76



and anxietyandcannabis use), whilst performing 16 blocks of the visual oddball task.
MDMA users were slower than caalts to respond to rare stimuli. Furthermemstasy users
who had consumed upwards of 100 tabletsesignificantly slower to respond to rare
stimuli than those who had nsumed fewer than 100 tabletsmixed ANOVA revealed that
ecstasy users showed a greater latency of the P3b component comparedl®foomnare
stimuli. There were no differensen latency in the N2 or P3a components, or amplgade
any measured componehYhen ERPs for happy viearful faces were compared, there were
no betwea group differences (amplitudes latencies) for happy faces, whereas ecstasy
users showed a greater P3b latency forfdééaces compared to controlBhe authors
sugeest that these results refleseirotonergic neurotoxicity in MDMA usevghich manifests
in attentional deficitsThese arendexed neurophysiologically by a postponement of

information processing at the attentional level to the decision level (P3b) in MDMA users.

Cascoeet al.(2005)investigated Visually Evoked Potentials (VEPS) siraple
discrimination task in eighteavyMDMA users (7 male, mean age = 28,D = 1054
tablet3, eightmoderate MDMA users/(male, mean age = 28LD = 52.4yearg and 18
drug free controls (limbed drug use, split into 2 stdgroups of 1923 yeas n=9 3 maleand
24-32 years n=95 mal@. Thistwo-altemative forceechoice taslcomprised of digitbeing
presented on a screeamdomly(either 1 or 2)when the sequendg interrupted participants
indicate whether the last digit that appeared on the screen was a 1Ttreac2werano
between goup differences on performance on the task, although pairwise comparisons
showed that heavy MDMA users made signifiiiamore errors compared to drug free
controls Amplitudes and latencies of the following components; P100, N150, P200, N250,
P300 and N40 were mesured at electrodes Oz and Reavy MDMA users showed
significantly reduced P200 and P300 amplituale®z compared to controlgloderateusers

also showed significantly reduced P3f@plituderelative to controlsNo such differences
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were foundn latencies at thisite. At Fz the P30@as significantly reduced in both heavy

and moderate @ss compared to controls. Moreover Mi250 conponent was significantly

reducedn heavy users relative to controls (this was also approaching sagraéian

moderate users).dtency was not significantly different at argngponent for this electrode

Since the groups do not differ in latencies of components it is suggested that processing speed
is not affected in thesecstasy uss. However reductions in amipude at middle (exogenous)

and late (endogenous) stages of processing are suggested to be evidence of altered cortical
activity associated with low level cognitiypeocessinglt wasconcluded that recreational use

of MDMA is sufficient to cause neurotoxicity that is associated with subtldduel

cognitive deficits in humans.

Auditory ERPs and cognitive performaneereassessed in a longitudinal study by de
Solaet al (2008) Fourteen ecstasy palgug users (6 malanean age = 25.2, mean total
lifetime use= 207.4 at baselinel3 cannabis users (nale, mean age = 25daily cannabis
use or at least 25 times in lifetime) and 22 drug naive con#oitsale, mean age = 24.3
were recruitedThreeecstasy users, four cannabis users andlargenaive control had
droppedout by the follow up experimenERPs were evokdaly an auditory oddball
paradigmand mrticipants were required to count the infrequent stimuli. Grand averaged P3
amplitudes and P3 latencies were obtained at time 1 anddthslater at time Zhere
were nosignificantbetweergroup differences for P3 amplitude or P3 latencyna tL or
time 2. Correlations between MDMége and P3 response were not significarime 1 or
time 2. However a significant correlation was elpged between lifetime cannabis use and P3
latency atime 1, which was approaching significaraetime 2 whereby greter cannabis use
improved neurongbrocessing spee@onverselya marginally significant correlation between
cannabis use and P3 amplieusliggested increased lifetime dose is associated with lower P3

amplitude. Although reduced P3 amplitude and increased P3 latency in ecstasy users
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compared to controls was consistent acrimss 1 and ime 2, the results were mginal and
nonsignificant ad fail to provide evidence for neurotoxicity associated with MDMA use
though it is suggested thatexutive functioning taskare more likely to be impaired at the

cognitive levelthan simpleattentional orientation tasks.

More recently Burgesst al. (2011) investigatesterbal episodic memorfgRPs inl5
ecstasy polydrug users (nale, mean age = 24.1 mean lifetime MDMA uses 3,188
cannabis userg (male, mean age = 2).8nd 13 nosillicit drug users (6 male, mean age =
22.3. Participants undertd two recognition memory tasks, which were identical apart from
the type of stimuli; words (verbal) and faces (tvambal).Over 90 trials prticipants had to
indicate whether the presented stimuuss new (presented first time in the sequence) or old
(had been repeated). The tests consisted of 40 stimuli that were repeated and 10 items that
were shown only once. No between groups diffees were observed on performance on the
task However for the word recognition memory task, Partial L8gsares (PLHanalysis on
the ERP data identified a single latent variable that discriminated between correct new
respamses and correct old responsesidnificant repetition effect was obseryedth amore
positivegoing ERP for repeated words centred on the left parietal area maximal in the 500
700ms interval. There was a significant difference between groups in latent variable scores
with ecstasy/polydrug users showisignificantlyreduced amplitudeompared to nodrug
controls, and this difference was approaching significanttethe cannabis user grouphis
latent variable condisd of twoERP components that were extracted using singular value
decompositionThese were identified as a left ps&laecollection effect and a midk
frontal familiarity effect.Component scores were compared between groups, the recollection
component revealed a significantly reduced late positive ERP over left parietal sites in
ecstasy users compared to both otireups. No between group differences were observed

for the familiarity component.atent component analysis on the face recognition task did not
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provide any between groujifférences. It is suggestédat ecstasy/polydrug usetsosved an
attenuation of aguronar e s ponse that i s associated with t

verbal recollection.

Nulsenet al (2011), observed differences EEG activity in a cohort of 11 MDMA
users 4 male,mean age = 22.9, MLD= 32.5 tablets)13 polydrug users (4 male, mean age =
23.2) and nofusers (4 male, mean age = 23.2), whereby during forward and backwards digit
span asks(described in Chapter.&33), both control groups displayed a sigo#ntly reduced
P3b in the digibackwards task (more difficult aspect of the task) than the digit forwards task.
However the MDMA user group did not show this difference, yet tlnamdisplayed the
greatest discrepantetween digit backward span adidit forward span. These results
suggesthat the ecstasy user group found thig pathe task more demandirithe authors
suggesthatec t asy us er wwassypgressed mongaancugent processing
demands of the working memory task than contanisl the ERP data reflect thghowing a

reduction in the cognitive resources allocated to processing.

On the whole, the majority of the studies reviewed reflect differences in
electrophysiological data that are suggestive of alterations to cognitive processing associated
with MDMA use.However there are sevestldies that fail tshowecstasyrelatedERP
atypicalities(de Solaet al.,2008 Gammaet al.,2005. Some studies ka observed
differences ifdatencies of a PBomponent (Mejiast al, 2005).0thers have observed
reductions in P3 amplitude associated withaysusedespite egwalent behavioural
performancgCascoet al, 2005. ConverselyNulsenet al (2011)failedto observe
reductiorsin P3amplitude despite obseng performance deficitOther studies have shown
alterations to late ERP components reflective of altered cognitive processing (Bagess

2011). Thefulle x t ent of MD MA 0 bhysi@ohi¢akindites requirege | ect r op
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clarification and there is a paucity of EEG data relating specifically to executive processes.
As such this thesis aims to observe differences between MDMA usemrygptontrols and
drug naive controlen each executive fation, on threavell defined components of an ERP;

the P2, N2 and the P3(b).

5.3 Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI) is a Aiomasive neuroimaging method that
relies on a large cylindrical magnet to create a maghetice | d ar oundWhensubj ec
a magnetic field is created, protons (mainly from H+ hydrogen ions that are abundant in
living tissue) align with the same direction as this figeishaupet al.,2008) Radio
frequency pulses are theant to target nuclei (H+ ions) causing them todatl ofalignment
(resonance)-ollowing this, protons immediately begin to realign with the magnetic field.
The realignment causes a radio frequency which can be received by the scanner. These are
known as T1 scans and parameters can be adapted to obtain antightdetween grey and
white matter. As such these scans can provideabé structural information. MRI is unable
to measure neuronal activity, however functional MRI (fMRI) involves parameter
manipulation to allow for brain function to be imaged wihls action is being performed

(Kennedyet al., 2002)(this will be discussed in more detail in chapter 5.5).

Changet al.(1999) conducted MRI scamsa 1.5 T scanner a2l subjects with a
history of MDMA use(15 male median age = 43, mean duration since last use = 4 months,
average | ifetime dose of 13.1 g) apadd 37 onor
observed all images for MDMA users and controls to be nlonmtia no significant brain
atrophy or white matter lesionSimilarly Changet al.(2000) observed normal MRI scans for

21 MDMA using subjectsrad 21 controls (as described.pin a 1.5 T scanner.
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Structural MRI scans of 31 MDMA polydrug users (5+ udeglDMA and abstinent
for at least 3 weeks) and 29 ABDMA users (age and sex matched that had used ayariet
of drugs but not MDMA) were compared using voxel based morphometry (VBM) inya stud
by Cowanet al.(2003)to investigate regional brain grey and whitett@aconcentrationt
washypothesised that ecstasy users may show reduced nealcgrély matteas a result of
loss of serotonergic trophic effects on cortical cells. Using a 1.5 T scanner T1 weighted scans
revealed multiple areas of reduced grey matter concentration in MDMA users relative to
controls. The neocadal regions displayig significantly reduced gsematter concentrations
included bilateral Brodmann Area (BA) 18 in the occipital lobe, BA 21 in the temporal lobe,
and left BA 45 in thdrontal lobe, & well as a midline region of the brain stem and bilateral
areas of the cebellum.Thesefindings are interesting to observe if we consider the proposed
functionality of these areas. Both BA 45 and BA21 in the neocortex are suggesieylda
important role in semantic memory retrieval. This therefore has direct relevaheeciartent

thesis, as this function will be examined with further neuroimaging techniques.

RenemanMajoie et al.(2001)assessedightecstasy users (7 malmea age = 27.6,
MLD = 154 tabéts, mean duration since last use = 14.6 wesmhkd3ix nonusers (3 male
mean age = 22.3 yeais) conventional T1 and T2 weighted scans as well as diffasidn
perfusion imagindthe results from which will be discussed in chapter.26jfusion MRI §
conducted to assess the vasculature of the brain by calculatierebral blood volume
(rCBV). Intravenous bolus injections oddopentetate dimeglumine were administeoed
participants prior to T2 weighted echo planar scans to provide an endogaweu®t
arterial blood entering therain (Kestoret al, 2003) No oedematoushanges irthe brains
of ecgasy users compared to controls were obseitedever the perfusion MRI data
provide more interesting results, with ecstasgra having overall higher neaCBV values

than controls. This difference approaclséatistical signitance in the globus pallidushe

82



rCBYV ratio in the globus pallidus also correlated significantly with extent of previous drug
use, and did not corrétawith age, sex or IQ values. The authors suggest that increased
rCBV in the globus pallidus is a result of vasodilation that occurs in the absence of serotonin

controlled vasoconstrictiotiue to serotonergic depletion.

Schouwet al (2012) conducteBhamacologicalMRI to assess-BIT dysfunction in
ecstasy userd 0 male; 504ifetime tablets 7 healthy controlshy examining the
haemodynamic response to injection of a selective serotonin reuptake inhibitoii (SSRI
citalopram). MR was conducted using a 3.0T scanwih pre-iinfusion anatomical 3DT1
weighted scans conducted for registration \pitlarmacologically labelled (post infusion)
scansSubtraction of post infusion/citalopram labelled arterial spin labelling (ASL) images
from pre infusion/control ASL images yielded whole brain perfusion weighted images.
MDMA users displayed a significant cerebral blood fi@sluction in response to the-al
challenge, most prominent in the left thalamus. A significant decrease in CBF was also
observed in the right occipital cortex and the right frontal cortex. Significant CBF increases
were observed in the left globus paligdand left frontal cortex. Controls showed minimal
differences between the two scalMean whole brain CBF was significantly increased in
ecstasy users compared to controls, and CBF was significantly decreased in the left thalamus
and bilateral occipitdbbe compared to controls after citalopranfusion. It is suggesteatiat
ecstasy users showed citalopram evoked haemodynamic changes in cortical regions and
subcortical grey matter areas that contain high densities of serotonin receptors in normal

populatons, as a result of possible neurotoxicity.

Overall it appears that structural MRI scans have yielded little evidence for MDMA
related changes to white matter areas (Cledrad), 1999; Changt al.,2000;Cowanet al.,

2003) perhaps suggesting that this measure is not sensitive enough to observe a physical
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alteration to brain@mposition after MDMA use-However,reductions in neocortical grey
matter have been observed in ecstasy users compared to controls in ssoahgatypically

in areas that are important for semantic retrieval (BA 21 and 45). Perfusion MRI was
successful in identifyinghcreasesn cerebral blood volume in the globus pallidus in ecstasy
userg(Reneman, Majoiet al.,2001) This is a substructarof the basal ganglia, which has
been highlighted for its role in access to semangmory(Copehnd, 2003)Furthermore
alterations of cerebral blood flow were also observed in this area in ecstasy users from
pharmacological MRI (Schouet al.,2012), as well as CBF reductions in cortical regions

and subcortical grey matter areas.

5.4 Magnetic Resomae Spectroscopy (MRS)

Proton Magnetic Resonance SpectrosaqdplyMRS)is another nofinvasive
technique, that is similar to MR in that it measws&mals from hydrogen protondowever
rather than structurahformation MRS provides information abotglative concentrations of
CNS metabolites associated with structural brain integrity (Cawah, 2007) These
include the neuronal markBkacetylaspartate (NAA) and the putatgleal marker

myoinositol (MI).

Changet al. (1999)used MRS to evaluate neurochemical abnormalities in 21 MDMA
usersand 37controls @s described in Chapter ».8sing a 1.5 T scanner, MRS was
performed in miebccipital (grey matter), mid frontal (grey matter) and right parietal (white
matter) brain regions. The results showed mhettabolite concentrations of MA creatine
(CR) and cbline compound (CHO) were comparable in all thrieeain areas measured
between ecstasy users andusers. However ecstasy users showed elevated Ml and Ml to
CR ratios in parietal white matter as well as Ml andQ\R in parietal white matter.

Furthermoreoccipital gey matter positively correlatedith MDMA use. The authors suggest
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that the lack of NA change (which is a marker considered sensitive to deathinoage to
neurons) could reflect down regulation eH3F neurons rather than damagepotentidly
neuronal recoverySimilarly Liu et al.(2011)observed no significant increas in NAA
between MDMA users (n = 25, 20 malmeanage = 25.04, MLD- 158.12 tablets) and dyu
naive controls (n = 27, 17 malmean age = 27.04) in the basal ganglia, wheviEaiglA
users displayethcreases itMI concentrabns Correlations between CRoacentration and

MDMA dose were observed in the right basal ganglia.

Renenan, Majoieet al. (2002)investigated NAA/Cr, NAA/CHO and MI/Cr ratios in
midfrontal grey matter, mid occipital grey matter and right parietalenasing(*H MRS)in
15 maé MDMA users (MLD= 723 tablets, mean time since last Ud® weeks) and 12 age
matched control€Ecstasy users showed significantly reduced NAA/Cr and NAA/CHO ratios
in frontal grey matter compared to contrdtsontal grey mter binding ratioswere
negativelycorrelated with MDMA useNo differences were observed inchoccipital grey
matter or right paetal white mattebetween the two groups. These findingsdifiecult to
reconcilewith those reported by Chamg al. (1999) and suggest thatduced NAA/Cr and
NAA/CHO ratios in the frontal cortexeflect neuronal abnormalitAs the ecstasy users in
RenemanMajoieet al.,(2002) had a higher lifetime dose than Changl.,(1999), this

could be an effect of dosage.

Obergreisseet al.(2001)investigated MDMA use on the hippocampus usiiy
MRS)in 6 ecstasy users (having at least 100 doses frérgears, range = 12850) and 5
age matched (26.6 years) contrélsvas observed that there were no differences in
hippocampal NAA or choline conopnds between ecstasy users and-ugegrs, consistent
with Changet al6 s ( fin@irly® Daumann, FischermanRjlatuset al.(2004)conducted

'H MRSin the left hippocampus, midfrontal and midoccipital cortex of 13 regular ecstasy
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users (10 male, MLDB= 324.54 tablets, mean time elapsed since last use =d&y388and a
nonMDMA control group (n=13, 10 male) that were matched for age, sex, level of education
and cannabis use. No significant between group differences were observed in NAAKCT rati
in any brain region observeduffhermorehere wereno meanin@ul correlations between

NAA/Cr ratios and drug use, or memory performance. It was concludetHhRSwas a

less sensitive measure of neurotoxicity in ecstasy users than cognitive megisuitady, de

Win et al.(200&) observed no significant effects of MDMA on brain metabolites (cohort

and experiment explained in more detaiCinapters.1) in a longitudinal study, nor in a
prospective cohort study on sustained effects of low dose ecstasy use on the brain in new

ecstasy users (de Wiet al.,2007) (this study will be described in more depth in chapter 5.6)

Cowanet al (2007) investigated absolute concentrations of NAA andh\he
occipital lobe i@ MDMA users (at least 5 occasions of use, age@3)8and monMDMA
controlsmatched for age and sex and hiaéd a variety of other drugs.this study a higher
field proton strength MRS of 4Was used in an attempt to gain a more sensitivasare of
neuronal disturbanc&here were no statistical differencesabsolute NAA or absolute Ml
levels in the occipital cortex between MDMA users and-users. The authors concluded
that these findings are not supportive of MDMA induced alterations to neurons or glia in the

occipital cortex of this small sample of moaer MDMA users.

In summaryMRS studies suggeMIDMA has little effect on NAA, which is an
indirect measte of neuronal damagkeloweverthe samples in these studies are relatively
small, furthermore the one study which did yiettbtasyrelateddifferences had a cohort of
MDMA users with far greater MDMA exposure than the other stutResemanMajoie et
al., 2002) MRS has also been criticised foerhaps not being sensitive enough to detect

small changes in NAA that are associated with low level reoredtdoses of MDMA, or
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detect changes tol3T terminals only (Changt al, 1999). Although increasing the field
power made little difference in the study by Covedial. (2007) perhaps more work is

necessary with larger samples of heavier MDMA users.

5.5 Functional Magnetic Resonanosaging(fMRI)

Similar to MRI this functional technique relies on magnetic fields being create
around a p arHowecer rattiemntha BL waightaddscans (that have a high spatial
resolution to give clear structl information) this technique relies on T2 weighted scans at a
lower resolution to assess Blood Oxygen Level Dependent (BOLD) signal cl{gegeedy
et al.,2002) In basic terms radio frequencies that arévdetd to cause transverse
magnetisation (fdling out of alignment of protons) also cause the spin akesicleito tilt
(preces) in phaseWhen the pulse istopped, this phase precess will relax, and the time
taken for all ions to fall out of phase is called T2. Increases in duration of tirepetat (time
between radio frequency pulses and T2) and time to echo (time between radiodyeque
pulses and signal receptjogive T2 weighted scan$2 weighted scans favour imaging of
water, as such by using paramagnetic @mttagents in the blogdeoxyhaemoglobin)

blood flow and blood volume changes can be assébkedtelet al.,2004)

Daumann, Fnm et al (2003) investigated the cerebral activation during a working
memory task using fMRI with 11 moderatestasy users3(male,MLD = 27.3 tablets, mean
time since last dose =330.09 days), 11 he®@eysi(8 male, MLG:= 258.18 ablets, mean time
since last use = 89.27 days) and 11 healthy controls, all matcheefaeagand level of
educationParticipants conducted arback task (behavioural results discussed in Chapter
3.2.3) in combination with fMRIThe fMRI resilts showed that all thregroups showed
significant and localised haemodynamic changes in prefrontal, parietal, occipital and

cingulate brain regiongdowever there were no group differences in activation at any level of

87



the task at a conservative significaheeel (p<0.05 corrected\Whereas using a more liberal
significance level§<0.01, and p<0.001 uncorrectd@avy users showed weaker BOLD
responses in left frontal and temporal regions on the most difficult level of the taakkp
relative to the dter two groups. Also, both user groups showed increased activation in the
right parietal cortex with 1 and 2 back tasks. However extent of previous drug use did not
correlate with BOLD signal changes. ltsisggestdthat theseresults may reflect subtle na
functioning alterations associated with MDMA use, but to treat these results with caution.

a similar fMRI/nback study, Daumann, Sadtker et al.(2003)studied BOLD activation ir8

pure ecstasy users (no regular use of any other drugs,age&@5.30, MLDB= 74.50 tablets),

8 polyvalent ecstasy users (concomitant use of ecstasy and amphetamines and cannabis, mean
age= 26.41, MLD= 56.25 tablets) an8 healthy controls (mean age2555) in an attempt to
control forconcomitant use of other drugrformance on the-back aisk was equivalent
between the thregroups and all groups showed typical cortical atiivapatterns during the
task.Howeverpure MDMA users showed reduced BOBBtivation in the temporal gyrus

and angular gyrus in theldack task compared to controls (polyvalent users did not differ
significantlyfrom controls). Moreovepure MDMA users had lower signal changes

compared to polyvalent users in the striate corteklagher BOLD response in the premotor
cortex. At the more difficult back level of the tashure MDMA users showed lower

activation than both other groups in the angular gyrus. It is concluded from these results tha
MDMA is associated with neuronalterations that may reflect MDMAnduced

neurotoxicity and that altered fMRI patterns are not associated with concomitant use of other

drugs.

The same research group (Daumann, Fischermann, Healtexrle, 2004) conducted
an 18 month longitudinal fMRI study, again using tHeatk task in 30 ecstasy users (at time

1, this reduced to 21 users by time two). This ecstasy using cohort was then sullivided
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two groups based on their drug use in the intereaivben testing at time 1 and time 2; a
group that were abstinent during the interval period (n=8, 6 mabm age =24.50 ML
31.50 tablets, mean time since last dose = 487.5 days) and a group that continued to use
ecstasy during the interval period (R8male, meaage = 25.67, MLD= 149.44 tablets,
mean time since last dose = 15.67 dayhkg results of the fMRI scan at time 1 suggest no
differences in cortical activation between the two groups. At time 2 cortical activation
patterns did not alter sagficantly for any level of the #back task from baseline in the interim
abstention group, whereas the continuing users showed iedraetsvation from baseline in
two clusters in the parietal cortex during the most difficult level of the tasia¢R).
Furthemore correlational analysis revealed that the increase in haemodynamic activation
between time 1 and time 2 in the twtusters in the parietal cortex for the continuingras
was associated with higher onight dose of MDMA. These resulsiggesthiat higher

nightly doses may result in higher risk of neuronal damage. The authors also offer that
neuronal damage in ecstasy users is long laststge interim abstinent group did not differ
(or improve) in their activation at time 2 compared to timassuming that activation at time

1 was atypical.

Moelleret al. (2004)used fMRI to study activation during a working memory task in
15 MDMA users (12 male, mean age = 24.7, mean lifetime uses = 193.5, meamtene
last use = 37 days) and 19 controls (11 male, mear 2§et). Participantandertook an
fMRI scan whilst completing an immediate and delayed memory task. SPM99 random effects
analysis showed that ecstasy users displayed sigrilfiggreater BOLD ativation in three
clusters of brain regions compared to calstio the delayed memory taskhese clusters
were; I left medial and superior frontal gyri with extending activation to the right medial
superior frontal gyri, bilateral anterior cingulateigpnd right middle frontal gyrus - 2eft

thalamus extending to left caudate and putamen, left parahippocampal gyrus, left
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hippocampus and left insula. 8ght hippocampal gyrus extending to the right hippocampus,
right thalamus, right lentiform nucleusght putamen, right insula, and right tempoaitex.

Most of these effects remained after controlling for otlrags. Fbwever after controlling for
cannabis, the effect was no longer significant in the prefrontal cortex. The authors suggest
that theobserved increase in activation of the BOLD signal could be due to MDMA users
being | ess fAeffi ci entrésultiaginanimeease mnekironalg me mor y
activity to perform at a simak level as controlsThey also argue that increased BOLDRM
activation in the hippocampus may be MDMA speci¥eldeset al.(2006)used the same
subjects as those used by Moeé#eanl.(2004) and compared fMRI data wihores on the

Barrat Impulsivity ScaleTherewas a significant coelation between activation in two

clusters othe DLPFC and scores on the BlSwver there was no group BYS interaction

with DLPFC activation, suggsting that this activatiois related to impulsivity independently

of MDMA use.In line with Moelleret al.(2004), hippocampal dysfunction was observed in
adolescent MDMA users, in an fMRI study bgcobseret al.(2004) Selectiveand divided
attention and verbal working memory was asse concurrently with fMRI i6 adolescent
MDMA users (average of 10 episodes of MDMA use, mean age atdiest 15.8little use

of other drugs other than cannabis af@bhol, mean age = 17.3) a@ddolescents with no
history of MDMA use (mg&ched for age and gender). The tgroups did not differ with

regards to consumption of cigarettes, cannabis, ye@duaftionestimated intelligence or
selfreported depression or anxiety. Performance on tasks was equivalent, although MDMA
users had significantly longer reaction timeOMA users displayed significantly lowered
hippocampal activity relative to contradsiring the working memory task. Correlational
analysis reealed that time since lasse was negatively correlated with left hippocampal
activity. The authors suggest that abnormal hippocampal function in ecstasy users could be

the result of damage to séonin neurons that normally modulate inhibitory circuits.
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Moreover the negative relationship between hippocampal activity and time since last use
suggests that function of inhibitory circuits in the hippocampus may recover after long

periods of abstinence

Jageret al. (2008 assessed the concomitane wd other drugs ifi1 participants
recruitedon the basis ofariations in the amount and type of drugs that they.Uudeicty-
threeheawy MDMA users (MLD= 322 tablets) and 38 non usé@psth groups showing
considerable variation in the type and amowftdrugs they were usifgompleted tasks of
working memory, attention and associative memory tasks in association with fMRI
procedures. Analysis of fMRI revealed no significant effects of ecstasy or any other drugs on
brain activity relating to working nmeory (modified Sterberg task) andttention (SAT task).
However in the associative learning task ecstasy use predicted lower activityeifh the
DLPFCand higher activation in the right middle occipital gymdereover these effects
appeared to be indepgent of cannabis and alcohol use, as well as amphetamine cocaine and
tobacco use. The authors suggest these results reflect sustpwexibly even long term

adaptation or compensatory reorganisation of a frarsieal network.

Cowanet al.(2006)investigated the BOLD fMRI response to visual cortex activation
in ecstasy users. In this study 20 MDMA users (whonteddVIDMA use on at least 4
occasions, mean age = 20.8, 8 male) and 23users (13 male, mean age = 25@ye
administered photic stimulation using specially constructed fibre optic goggles, whilst an
fMRI scan was undertaken. MDMA users had reportgdicantly greater lifetimeise of
alcohol, amphetamine, cannabis, cocaine, hallucinogens, opiatesjesedat phencyclidine
than norusers. However there were no differences in visual cortical activation between the
two groups. Nevertheless a withinbgects analysis in the MDMA user group revealed that

degree of prior MDMA exposure was correlated with number of activated pixels foc phot
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stimulation.Conversely MDMA exposure was not correlated with BOLD signal change,
whereas lifetime alcohol, hallimgens, sedatives and cannabis were all inversely correlated
with % BOLD signal change, but not with number of activated pixels. As such the results are
inconclusive with regard to the neurophysiological response to visual cortex activation in

ecstasy uss.

More recently Ragt al. (2010) observed reduced BOLD signal change during a
semantic recognition task in ecstasy polydrug users. In a cohort and task described in Chapter
3.2.4 it was observed that there were statistically significant correlationB®fA use and
BOLD signal change in left BA 9, 18 and 21/22, but not BAIdEng a semantic recognition
task.Lifetime episodes oMDMA use and lifetime doseere both inversely correlated
with %BOLD signal change at BA Lifetime episode®f usewasinversely correlated with
BOLD signal change in BA 18 and 21/2Boughno such correlations were observed for the
encoding phase dfie task, suggesting that MDMAfects verbal recognition but not
encoding. These results were complicated by inverselations between lifetime cocaine
use and BOLD signal activation in left BA 9 and 18 as well as a statistically significant
inverse correlation between cannabis use and activation in left BA 9. Nonetheless, after
controlling for lifetime cocaine and cannsioise the association between MDMA use and
BA 9 activation remaied statistically significaniThe findings in this study are consistent
with findings of other neuroimaging and behavioural studies suggesting that access to

semantic memory may be adveysaffected by MDMA use.

Neurophysiological correlates of impulse inhibition were explored in 20 ecstasy users
and 20 drug naive controls (as described in Chapter 3.2.2) by Roberts and Garavan (2010).
fMRI data showed that ecstasy users displayed graetieity in right middle and inferior

frontal gyri, right middle frontal gyrus and right inferior parietal lobule, during successful
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response inhibitions (STOPS) on a GoBxotask, compared to controlscstasy users also
displayedgreater error activatiom the right middle and inferior temporal gyri. Deactivation

in the left medial frontal gyrus and left posterior cingulate was significantly greater for

controls on error trials. It is sggsted that the increasactivation displayed by ecstasy users
degite behaviourally silent differences in performance, shows increased neuronal
recruitment to inhibit in this grou@ecruitment of additional resources to maintain
performance, suggests a subtle functional impairment that would have not been exposed with

behavioural measures alone.

The results from fMRI warrant further exploration, although it appears that ecstasy
use is generally associated with reductions in the BOLD response in frontahapatal
regions (Daumann, Fimet al.,2003;Daumann Schnitkeret al.,2003 the DLPFC (Jagest
al., 2008, hippocampus @tobseret al.,2004) and BA q4Rajet al, 2010) These reductions
may reflect neurondoss or damagdncreases in BOLD have alsodreobserved in several
areas icluding the thalamus and hippocampus (Moedleail.,2004) and right middle
occipital gyrus (Jageat al.,2008) However, theuthors of these studies suggest that this
may reflect compensatongechanismslue to task inefficiency. Furthermore some insesa
in BOLD have been observed in MDMA usen the parietal cortex andeaalso correl@d
with higher nightly doseslhese effects may be more pronounced in younger users who have
yet to complete neurodevelopment upaitiation of use (Jacobsest al.,2004) There is also
evidence to suggest thatstasyrelatedalterationof neuronéactivity is long lasting
(Daumann, Fischermann, Heekegtral.,2004). However furtheexploration of use on

executive function is warranted.
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5.6 Diffusion Tensolmaging (DTI)

Diffusion Tensor Imaging (DTI) is an MRI technique that enables diffusional motion
of water molecules to be assesédel Winet d., 2007, and allowsmaging of tissue
structures at the microscopic leyeroviding information about neural tissues and changes
associated with damage and acute brain ischemia (Le Bihan, BOf33ion in the brain
white matter is anisotropic, and motion is restricted by cellular structures (fopkxaxons)
(de Win et al.,2007). Damage to axons may cause cytotmadema, causing the cells to
swell and hence restrict diffusion motion further, resulting in decreased apparent diffusion
coefficient (ADC). Conversely, chronic damage to axons, may lead to increases in
extracellular water concentrations, subsequently leading to decreases in fractional anisotropy
(FA) and therefore itreased ADC (de Wiat al.,2007). This neuroimaging technique is
used to visualise anatomical functional connectivity between diffareas of the braiby

mapping the orientation of white matter tracts (Le Bihan, 2003).

In aprospective studgde Winet al.,2007) DTI scans were performed on 188
ecstasy naive participants who were selected on the basis that there was a high prababilit
them using ecstasy in the near futdrbirty participants (12 males, mean age 22.5 years,
cumulative dose of ecstasy was 1.8 tablets, with an average of 7.7 weeks since last use) were
scannedsoon after their first ecstasy use. $@scans revealed@9% significant increase in
FA of white matter in the centrum semiovale as well as a significant decrease (3.4%) of ADC
in the thalamus post ecstasy udewever after correction for multiple comparisons and
exclusion of participants with continued casausethe increase iirA was no longer
significant.The authors suggest that this does not provide evideinstructural neuronal
damage. ldwever the sustained decreases in ADC may indicate prolonged vasoconstriction

in certain areas even after low doses of ecstasy, although it is not known whether these
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effects are permanerithis study was followed up by the same egsh group (d Winet d.,

2008, usingthe same initial sample. At the time of this study alt6® participants had
usedecstasy (MLD= 6 tablets). Tiese were compared against 56 controls matched for age,
gender and 1Q, although the ecstasy users had now used significarglgamnabis,

amphetamine, cocaine and alcohol than contEulstasy users showed a significant decrease

in FA in the thalamus and fronfmarietalwhite matterTheyalso showed an increase in FA

in the globus pallidus andDC in the thalamus relative tontrols. It is suggestdtat

decreased FA and increased ADC in the thalamus reflects axonal dgnagehat axonal

cells are understood to be the main cause for restriction of water diffusion and axonal damage

leads to the observed changes in FA albCA

The globus pallidus was also indicated as an area of interest in a diffusion MRI study
by Reneman, Majoiest al. (2001) In this preliminary studg MDMA users @escribed in
Chapter 5.Bard 6 non-ecstasy controlsndertook diffusion MRI scangst Was observed that
ecstasy users displayed a significant increase in ADC in the globus pallidus relative to
controls. Howevemo significant correlations were observed between extent of previous
ecstasy use and ADC values. Thisrease in ADC is attributed possille axonal injury or
loss anchot due to an increase in water content in the extracellular,smloeal brain

oedemawas not detected on T2 weighted scans.

Moelleret al.(2007)compared FA, mean diffusivity (D, and longitudinal (diffusion
along the direction of fibres) and transvefgerpendicular to the fibre tract axis) diffusivities
between 12 MDMA users (10 male, mean age = 27.3, 181 mean occasions of use) and 20
healthy controls (13 male, mean age55), in sixregions of the corpus callosum (Genu,
Rostral body, Anterior Midbay, Posterior Midbody, Isthmus and Splenium). Results from

DTI showed that MDMA users had significantly reduced longitudinal diffusivities in the
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rostral body of the corpus callasurelative to controls;onsistent wit axonal damage in

MDMA users.No sigrificant differences in FAD or transverse diffusivity were observed.

Converselyto de Winet al.(200&), Liu et al. (2011)observed significant increases
in FA in the bilaterathalami in25 ecstasy users relative 2@ drug naive controls (as
described in Chapter 5.4h this whole brain DTktudy;MDMA users showed clusters with
significantly increased FA in pteior parts of bilateral thalami and the retrolenticular parts
of internal capsuleDecreased FA was observed in MDMA users in the genu of the corpus
callosum which is consistent with findings from Moek¢mal (2007). Furthermore MDMA
users showesdignificant decreases in ADCs in the bilateral thalami, posterior internal capsule
and corona radiata along the bilateral corticospinal tracts, as well as significantly increased
ADC in the bilateral anterior internal capsule, the bilateral superior latigdl fasiculus and
the splenium and genu of the corpus callosbetreased AD€in bilateral thalami and
increased FA is consistent withde Winal 6 s ( 2 0 0 7 ) suggestinghatihtegfity ndi ng

of axons in the basal gangliaalamocortical circii may be compromised by MDMA use.

Neurotoxic effects of ecstasy on the thalamus were esgblirther using DTI by de
Win et al (200&) using a sample of 71 polydrug users (33 of which wlefaned as heavy
MDMA users, MLD =322 tablets) correlations were conducted between drug use variables
and DTI values. Extent of MDMA use was significantly correlated with decreased FA in the

thalamus Bhough no significant effect of MDMAn ADC in the basal ganglia wabserved.

5.7 Positron Emission Tomography (PET)

Positron Emission Tomography (PET) is another haemodynamic functional
neuroimaging techniquiaat involves participants receiving injexts ofa radioactive tracer

(radioligand). PET scanners are then able to monitor the distribution of the tracer in the brain,
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which indexes cerebral blood flow, and thus is an indirect measure of neural activity (Cabeza

& Nyberg, 1997).

PET may also based to measure SERT densities, similar to SPECT by using radio
ligands that selectively label thetbl transporter. McCanmet al. (1998)used the radioligand
carbonll-labelled McN-5652 to observe differences in SERT bindiegween 14 MDMA
users (9 malemean age = 26.6, mean use = 228 occasions, mean usual dose = 386mg, mean
duration since last use 9 Iveeks) and 15 controls (9 mameean age = 28.3The
distribution volunes ratios (DVR) for binding of the radioligand were significantly globally
decreased in MDMA users relative to controls, suggesting that users had lower densities of
SERT sites than controls. Moreover, decreases in SERT binding correlated significantly wit
extent of previous drug ussyggestindDMA exposure may lead to loss oftbI' terminals.

The same radioligand was used in a much lasgempleby Buchertet al. (2003)

Thirty current ecstasy users (15 male, mage = 24.5, MLD- 831 tablets, mean duration

since last use = 25 days), 29 former usgébsnfale, mean age = 24 MLD = 793 tablets,

mean duration since last use = 520 days), 29 ecstasy naive drug users (15 male, mean age =
24.4) and 29 drug naive controls (14 male, mean age = 23.2) were compared for SERT
availability in SERT rich areas of the brain includingese&cephalon, putamen, caudate and
thalamusThe results showed that ecstasy users had significantly lower DVR in the
mesacephalon than all other groupxdiEasyusers had significantly reduc@¥/Rs in the

caudae relative to polydrug useesid nthe thalamse c st asy users6 DVRs we
significantly reduced compared to polydrug users and drug naive comtrelmean DVRs

over all areas were lowest in current users. How&»Rs for former users and drug naive
controls were similar across all aresisggesting pssible recovery. flere were no

differences between groups in DVRs in the white matter, where there are no SERTS,

suggesting that the effects are serotonin specific.
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Usingthe same sampl®&uchertet al.,(2004)observed thaturrent MDMA uses had

significantly reduced DVRs in the posterior cingulate gyrus, left caudate, thalamus, occipital

cortex, medial temporal lobes including the hippocampus and parahippocampal regions and

brainstem with mesencephalon and pons compared to all threel gpatyums. These
differences werenore pronounced in females than masegygesting that females may be
more susceptible to MDMA rated serotonergic changésterestinglythere were no
significant differences in SERT availabylibetween former users atite twoother control
groups, suggesting that these effects may be reversibtdafy periods of abstentionhis
is also supported by the finding tHa¥Rs and MDMA abstention periods were positively
correlated in the brainstem with mesencephalonpmng and the basal forebraBERT
appeared to normalise this follow up studywith no significant differences between groups
in the mesencephaloiihe authors suggest that there were redastin ecstasy use, which
may account for normalisinGERT levels These findings coupled with normal SERT levels
in former users suggest thatstasyrelatedeffects of SERT availability may be reversible.

The effects of MDMA use on cortical serotonin function in females was explored
further in a PET studlgy Di lorio et al (2012)using theb-HT-a receptor specific radioligand
[*®F]setoperoneFourteen female MDMA users (mean age = 21.64, mean lifetime MDMA
consumption = 14000mg) were compared with 10 female controls (mean age = 21.60).
MDMA users had significantly increas&eHT-a receptor binding in occipitgarietal,
tempaal, occipitetemporalparietal frontal and fronteparietal regionsLifetime use was
also significantly correlated with binding increases in frgrdcietal, occipitetemporal,
fronto-limbic, and fontal regions. There wemo significant effects of duration of abstinence
on binding hergsuggestinghronic 5HT neurotoxicity in females.

Thomasiust al. (2003 used**C]McN5652to assess serotonin transporter density in

30 current ecstasy users (tale, mea age = 24.5, MLDB= 1033.77 tablets, time since last
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use = male 21.6 days, femalé 24.73 days), 31 former users (16 male, mags = 24.13,
MLD = 600 tabletstime since last use = malet85.40, femalé 545.13 days) 29 polydrug
controls (15 rale, mean age = 24.41) and 30 drug naasicipanty15 male, mean age =
23.13) Current MDMA users showed significantly reduced DVRs in the mesencephalon in
relation to all other groups. Furthermore typical number of ecstasy exposures was the best
predctor of DVRs in the thalamus and caudate nucleus, antbar of ecstasy tablets taken
in the year leading up to testing was the best predictor of DVRs in the mesencephalon. The
authors conclude that these results are in line with the hypothesis that MBdviAay lead
to reductions in SERT availability in the central serotonergiegyskbwever these
alterations may be reversible after abstention.

McCannet al (2005)used first and second generation SERT liggf@3McN5652
and f'C]DASB to investigate MDMA induced brain serotonin neurotoxicity in 23 MDMA
users (13 male, mean age = 22.04, maanmber of exposures = 96.96, mean usual dose =
1.79 tablets, time since last dose = 4.71 months) and 19 controls (8 male, mean age = 26).
Consistent with previous findingglobal reductions in DVRs were observed in MDMA users
compared to controls with both radio ligands. Correlational analysis also revealed that with
both radioligands, global DVRs correlated with duration of abstinence, suggesting that
abstention may lead partial recovery. Global SERT binding DVR was also inversely
correlated with typical monthly MDMA dose (for both radioligands) suggesting that loss of
SERT is associated with MDMA use intensityie same research gro(jcCannet al.,
2008)conducted PET using'C]DASB to investigate ERT binding, alongsidfL1C]WIN
35,428to investigate dopamine transger(DAT) binding. he MDMA users in this study
(n=16, 8 malemean age = 23.®pean number of uses = 195.3) had all reported having
sequential doses of MDMA (2 or more doses overl2 Bour period)Subjects also

underwent formal neuropsychiatric testing (tests of memory, attention and executive
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function).The results indicatetha SERT binding was significantly reduced in multiple

brain regions for MIMA users relative to controls ¢oipital cortex, parietal cortex, temporal
cortex, anterior cingulate cortex, posterior cingulate cortex, DLPFC and hippocaiftpais).
reductions werergatest in cortical regions (especially the occipital cortex) and there were no
significant differences in SERT binding in subcortical regittmyever no differences were
observed between users and controls in DAT binding in the caudate or puaachen,
relationship was found betweeneasursof MDMA use and DAT bindinglhere was

however a significant negative correlation between SERT availability in the hippoes

and duration of MDMA useThese results reflect the specificity of MDMA as a selectiv
serotonin neurotoxin and suggest that sequential dosing is associated with lasting decreases in
SERT. Memory performance was also correlated with SERT binding in the DLPFC,
orbitofrontal cortex and parietal cortexyass groupsHowever this was riignificant in

MDMA users alongsuggesting that MDMA use disrupts this relationship.

More recently Sudhakat al (2009)investigated SERT bindingsing[*'C]DASB in
12 former MDMA users (all male, mean age = 28.2, mean lifetime occasions = 243.75,
typical session dose = 2.75, time since last use = 2.74 years), 9 polydrug user controls (all
male, mean age = 35.6) and 19 drug naive contr@arfrage= 30.5).No significant
differenceswvere observeth cerebellar DVR between the thrg@ups and there were no
correlations betweevariables of MDMA use and SERTraingsuggesting néong lasting
serotonin neuron damage in recreational users.

Presynaptic (81T transporter, SERT) and postsynaptieH®5.» receptor) markers of
serotonin transmission in neocortical areas were investigated in a PET study using the SERT
ligand[*'C]DASB and the BHT:x receptor ligand**C]MDL by Urbanet al.(2012) Thirteen
current usersg male, mean age = 30.8, 5.7 weeks mearinaste, 142 mean MDMA

sessionsand 13 matched healthy contralere comparedPresynaptic SERT availability
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wasreduced overall iecstasyusers compared to controls for corticat bot subcortical
regions. Thenost pronounced differencegere observeth the medial prefrontal cortex,
occipital cortex and temporal corteks predicteddecreased SERT was regionally
associated with upreguéat 5 HTza receptor binding. It is suggested that these results reflect
MDMA induced damage to-BIT neuron terminals innervating the cort&xsh et al, (2010
observed SERT binding §f*CJDASB in cortical and subcortical areas using voxel based
analysis with 49 chronic MDMA users (28 male, mean age = 25.9, range of cumulative
lifetime tablets = 2 922, variable use of other drugs) &tcontrols (25 male, mean age =
26, low use of other drugs). ANOVA revealed highly regiesyacfic decreases in
[*'C]DASB binding in ecstasy users compared to conttws$ was restricted to the entire
cerebral cortices and hippocampus with the most madaigttion(-46%) in the occipital
cortex. No changes were observed in the SERT rich strigdbawndite, putamen and ventral
striaum), thalamus, global pallidus or midbrain. These findings suggest that SERT binding
reduction is regiondf specific and is unlikely to be explained by recent use of other
stimulant drugs, hormonal levels, SERT promggne polymorphisms or structural brain
changes (as observed from regression analysis).

[H, 1°0]-PETwas used to assess cerebral blood flow after a single dose of MDMA
(2.7mg/kg) or placebo in 16 MDMA & participants by Gamnmed al (2000) It was
observed that MDMA produced acute increases in regional cerebral blood flow in the
ventromedial, fratal and occipital cortex, inferior temporal lobe and cerebellum, as well as
decreases in the motor and somatosensory cortices, left amygdala, insula, cingulate cortex
and thalamus.

To sum up, the literature on SERT binding in MDMA users as assessed sePBs
to consistently suggest that use is associated with lower SERT availability (MeCalnn

1998;McCannet al.,2005) globally. However this is usually more pronounced in SERT rich
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areas such as the mesencephalon, caudate and thalamus (BLathe2003; Bucherét al.,
2004; Thomasiust al.,2003).Findings of decreased DVRs in SERT rich areas coupled with
no such differences in white matter (Buchegral.,2003) reflecthat potential neural damage
is serotonin pecific. This is also refleetl by lack of observedifferences in dopamine
transporter biding between MDMA users and naisers (McCanet al.,2008) There is
evidence t o s u gfigasonserbtbna termmdshvote pronounced in
female users (Bucheet al.,2004; Dilorio et al, 2012).Furthermore the majoritgf studies
reviewedsuggest that the &ftts observed may be reversit3eidhakaet al. (2009) observed
no differences in SERT between former users and controls and other studies have shown
correlations betwen period of abstention and SERT availability (Buckesl.,2004;

McCam et al.,2005)

Chapter Summary

The evidence from neuroimaging studies suggests that ecstasy does adversely affect
the serotonin system. Although it is clear that some methods are not as sensitive as others at
detecting perhaps mild cognitiaderrationgMRI, MRS) associated with low ceeational
dosesOthermethods (SPECT, PET, fMR¢tpnsistently show alterations to neuronal
activation/ SERT bindinghat reflect degradation of the serotonin systerighassociated
with MDMA use.Abstention also appears to play an important role wigfards neuronal
changes, as many studies suggest that SERT availability returns to nornsahftargberiods
of abstentionHowever some of the behavioural deficits noted in chapter 3 have been shown
to be long lasting. All participants in this thesitl be required to be abstinent from MDMA
use for at least 7 days prior to testing, to observe long lasting effects of drug rather than an
acute residual intoxication effect. Other neuroimaging studies that have been coupled with
behavioural tasks have sdrved differences in their neurophysiological performance despite

having undetectableehavioural deficitssuggeshg neuroimaging techniques are more
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sensitiveto cognitive impairment thn behavioural measures aloAs.such all of the studies

in this thesis will combine behavioural assessments with assessments of neurophysiological
indices.Furthermore after conducting a literature search for fNIRS studies with MDMA users,
it has been concluded that this neuroimaging technique has never been usssstonast of
cognitive performance in MDMA usepseviously As such the application of this technique

to this research area is novel, and will provide valuable information Abeatodypamics in

the PFC of MDMA users.
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Table 5.1: Summary of studiassessing objective measures of neurotoxicity in ecstasy users

Measure/Authors

SPECT

Reneman, Habrakest al. (2000)

Reneman, Booigt al (2000)

Reneman, Lavalayet al.(2001)

Reneman, Booij, de Bruiet al. (2001)

Reneman, Booigt al.(2002)

Changet al (2000)

Klomp et al (2012)

Methodology

Structural analysis, using radioligand [1231]JR91150 t
assess cortic&8-HT2a receptor binding in 10 MDMA
users, 5 former users and 10 drug naive controls

Structural analysis using radioligand [1231JR91150 tc
assespostsynaptic 5SHT2a receptor binding in 5
MDMA users and 9 nowiser controls

Structural analysis using radioligafid®1]b-CIT to
assess cortical SERT binding in 22 current MDMA
users, 13 former users and 13 controls

Structural analysis using radioligafid®1]b-CIT to
assess cortical SERT binding in 15 moderate ecstas
users, 23 heavy users, 16 former users and 15 contr

Structural analysis using radioligafid® 11b-CIT to
assess nigrostriatal dopamine neuron densities in 2€
ecstasy users, 9 ecstasy and amphetamine users ar
controls.

Functional analysis, assessing cereblabd flow in 21
ecstasy users and 21 controls

Structural analysis using radioligafid® 11b-CIT to
assess SERT binding ratios in 33 ecstasy users stra
for early (1418 years) and late (186 years) exposure

Findings

Current MDMA users had significantly lower binding
ratios than controls and former users over an average
left and right frontal, parietal and occipital areas

Overall binding ratios higher for MDMA users. Howev:
this only approached significanoethe occipital cortex

Current MDMA users displayed lower cortical SERT
binding than controls. No significant differences in
binding observed between former users and controls

Binding ratios significantly lower in female heavy user
compared to controls for all brain regions analysed.
Overall SERT binding and log transformed previous
MDMA use were significantly correlated famales but
not in males

[*21]b-CIT binding raios significantly higher in the
ecstasy user group compared to contofé1]b-CIT
binding ratios significantly reduced in the ecstasy +
amphetamine group relative to ecstasy only users

Ecstasy users showed slightly lowered global CBF
(2.3%) and mild but not significant reductions in regiol
CBF compared to controls

Significant effect of age at first use in midbriff 1]b-
CIT binding ratios. Also a strong significant negative
correlation between agof first use and midbraiit*1]b-
CIT binding ratios in the early exposed group, but not
late exposed group
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de Winet al.(2008a)

EEG

Dafterset al.(1999)

Gammaet al. (2005)

Mejiaset al.(2005)

Cascoet al.(2005)

Structural analysis using radioligafid®116-CIT to
assess SERT binding ratios in prospective ecstssss
in a longitudinal study: 188 ecstasy naive participant
scanned at time 1, with 59 participants subsequently
using ecstasy by time 2 (435 months follow up). 59
incidental ecstasy users compared to 56 still drug na
controls

Functional analysis. Spectral and coherence analysi:
60s resting (eyes closed) epochs and cognitive/moor
variables in 23 ecstasy users.

Functional analysis. ERP P3 assessed whilst conduc
inhibition task (CPT AX) in 16 ectasy users and 17
controls

Functional analysis. ERP components assessed whi
conducting visual oddball task: 14 ecstasy users, 14
controls.

Functional analysis. ERP components of VEPs asse
during a simple discrimination task: 8 heavy ecstasy
users, 8 moderate users and 18 drug free controls

No significant ecstasgelated effects oft?*1]b-CIT
binding observed

Level of MDMA use positivelycorrelated with an
increase in alpha power across left frontal, left posteri
and right posterior areas. Use also positively correlate
with beta power in the left posterior region and
negatively correlated with relative delta power over thi
whole scalpCoherence analysis revealed weak but
significant negative correlations between MDMA use
and sites located over visual tracts {T3, O2T4).

Ecstasy users show significantly reduced P3 in relatio
NoGo trials at midline electrodes Fz and Cz. After
controlling for age, education and cannabis use, Fz
became nosignificant. No between group differences
P3 latenaes. No correlation between P3 amplitude or
latency and lifetime MDMA use.

Ecstasy users showed a greater latendheP3b
component compared to controls for rare stimuli

Heavy users showegdgnificantly reduced P2 and P3
amplitudes at Oz compared to controls. Moderate use
showed significantly reduced P3 amplitude relative to
controls. P3 was significantly reduced in both heavy a
moderate users compared to controls at Fz. N250
significartly reduced in heavy users relative to controls
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de Soleet al.(2008)

Burgesset al (2011)

Nulsenet al (2011)

MRI

Changet al (1999)

Changet al.(2000)

Cowanet al. (2003)

Reneman, Majoiet al. (2001)

Functional analysis. ERP components assessed in
relation to an auditory oddball paradigm in 14 ecstas
users, 13 cannabis users and 22 drug naive controls
Longitudinal study.

Functional analysis. ERPs analysed during two
recognition memory tasks in 15 ecstasy users, 14
cannabis users and 13nrdrug users

Functional analysis. ERPs analysed during forward ¢
backwards digit span task: gtstasy users, 13
polydrug controls, 13 nedrug controls

Structural analysis: 21 ecstasy users, 37uEeTs

Structural analysis: 21 ecstasy users, 21-users

Structural analysis: 31 ecstasy users, 29-useTs

Structural analysis with conméonal T1 weighted
scans as well as diffusion and perfusion MRI
(Intravenous bolus injections of gadopentetate
dimeglumine administered prior to T2 weighted ech¢
planar scans) in 8 ecstasy users and 6usan controls

No significant between group differences for P3
amplitude or latency at time 1 or time 2. Correlations
between MDMA use and P3 response not significant
time 1 or time 2. However lifetime cannabis use and |
latency significantly correlated at time lithvgreater
cannabis use associated with increased neuronal
processing speed

Significantlyreduced late positive ERP over left pariet
sites in ecstasy users compared to both other groups
the recollection component of the task

Both control groups show significantly reduced P3 in t
digit backwards task than the digit forwards task. This
difference is not evident in ecstasy users, despite
showing greatest discrepancy ierformance between
the two tasks.

Ecstasy users and controls showed normal scans witt
significant brain atrophy or white matter lesions.

Normal MRI scans for ecstasy users and controls

Ecstasy users showed reduced grey matter concentre
relative to controlén bilateral BA 18 in the occipital
lobe, BA 21 in the temporal lobe, and left BA 45 in the
frontal lobe, as well as a midline region of the brain st
and bilateral areas of the cerebellum

Perfusion MRI showed ecstasy uskasl overall higher
mean rCBYV values than controls. This approached
significance in the globus pallidus. The rCBV ratio in t
globus pallidus also correlated significantly with exten
of previous drug use. No differences were observed o
other MRI measures
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Schouwet al.(2012)

MRS

Changet al.(1999)

Liu et al.(2011)

Reneman, Majoiet al.(2002)

Obergreisseet al.(2001)

Daumann, Fischermann, Pilateisal (2004)

Structural analysis. Pharmacological MRI, 3.0T T1
weighted scans performed pre and post infusion wit
SSRI Citalopram. Haemodynamic response to SSRI
investigated in 10 male ecstasy users and 7usen
controls

Structural analysis from relative concentrations of C!
metabolites associated wiskructural brain integrity: 21
ecstasy users, 37 naiser controls

Structural analysis from relative concentrations ofSC!
metabolites associated with structural brain integrity:
ecstasy users, 27 drug naive controls

Structural analysis from relative concentrations of CI
metabolites associated with structural brain integrity:
male ecstasy users, 12 Rosercontrols

Structural analysis from relative concentrations of C!
metabolites associated with structural brain integrity.
Assessment of MDMAs effects on the hippocampus
6 ecstasy users aldhorruser controls.

Structural analysisH MRS in the left hippocampus,
midfrontal and midoccipital cortex of k& stasy users
and 13 noruser controls

Ecstasy users displayed a significant cerebral blood fl
reduction in response teHT challenge, most prominen
in the left thalamus.

Concentrations of NAA, CR and CHO comparable in
3 brain areas measured (mid occipital, mid frontal anc
mid parietal brain regions) between ecstasy users anc
nortusers. However ecstaggers showed elevated M
and MI to CR ratios in parietal white matter as well as
MI and MI/CR in parietal white matter. Occipital grey
matter positively correlated with MDMA use

No significant differences in NAA between groups in t|
basal ganglia. However ecstasy users displayed incre
in MI concentrations. Correlations betweeR C
concentration and MDMA dose observed in the right
basal ganglia

Ecstasy users show significantly reduced NAA/Cr and
NAA/CHO ratios in frontal grey matter compared to
controls. Frontal grey matter binding ratios were
negatively correlated with MDMA use. No differences
observed in mid occipital grey matter oght parietal
white matter between groups

No differences in hippocampal NAA or choline
compounds between ecstasy users andusens

No significant between group differences in NAA/Cr
ratios in any brain region observed. No meaningful
correlations between NAA/Cr ratios and drug.use

107



de Winet al.(2008a)

Cowanet al.(2007)

fMRI

Daumann, Fimnet al (2003)

Daumann, Schnitkeet al. (2003)

Daumann, Fischermann, Heekesdal. (2004)

Structural analysis from relativ@ncentrations of CNS
metabolites associated with structural brain integrity:
188 ecstasy naive participants scanned at time 1, wi
59 participants subsequently using ecstasy by time 2
(12-36 months follow up). 59 incidental ecstasy user:
compared to 56t#l drug naive controls

Structural analysis, MRS 4T was used to investigate
absolute concentrations of NAA and Ml in the occipit
lobe in 9 ecstasy users and 7 ag@ercontrols

Functional analysis duringlmack task: 11 heavy
ecstasy users, 11 moderatsstasy users, 11 naser
controls

Functional analysis duringimack task: §ure ecstasy
users, 8 polyvalent ecstasy users, 8-user controls

Functional analysis duringlpack task, in an 18 month
longitudinal study: 30 ecstasy users (at time 1, reduc
to 21 users by time two)

No significant effects of MDMA on brain metabolites

No statistical differences in absolute NAA or absolute
MI levels in the occipital cortex between MDMA users
and nonusers

Heavy users showed weaker BOLD responses in left
frontal and temporal regions on the most difficult level
the task (2oack) relative to the other two groups (at
liberal significance levgh<0.01, and p<0.001
uncorreced). Both user groups showed increased
activation in the right parietal cortex with 1 and 2 back
tasks. Extent of previous drug use did not correlate wi
BOLD signal changes

Pure MDMA users showed reduced BOLD activation |
the temporal gyrus and angular gyrus in tHzatk task
compared to controls. Pure MDMA users had lower
signal changes compared to polyesati users in the striat
cortex and higher BOLD response in the premotor
cortex. Pure MDMA users showed lower activation th:
both other groups in the angular gyrus duriFiga2k
(more difficult) level of the task

Continuing users showed increased activation from
baseline in two clusters in the parietal cortex durirg th
most difficult level of the task (pack) at time 2
compared to time 1. Increase in haemodynamic
activation between time 1 and time 2 associated with
higher one night dose of MDMA
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Moeller et al. (2004)

Jacobsemwt al (2004)

Jageret al (2008)

Cowanet al (2006)

Functional analysis during immediate atelayed
memory task: 15 ecstasy users, 19-osar controls

Functional analysis during selective and divided
attention and verbal working memory: 6 adolescent
ecstasy users, 6 adolescent ecstasy naive controls

Functional analysis during workingemory, attention
and associative memory tasks: 33 ecstasy users, 38
user controls

Functional analysis during photic stimulation using
specialy constructed fibre optic goggles: 20 ecstasy
users, 23 nowiser controls

Ecstasy users displayed significantly greater BOLD
activation compared to controls in three clusterthel
left medial and superior frontal gyri with extending
activation to the right medial superior frontal gyri,
bilateral anterior cingulate gyri, anajht middle frontal
gyrus. 2 left thalamus extending to left caudate and
putamen, left parahippocampal gyrus, left hippocampi
and left insula. 3right hippocampal gyrus extending to
the right hippocampus, right thalamus, right lentiform
nucleus, right ptamen, right insula, and right temporal
cortex. Effects remained after controlling for other dru
except in the prefrontal cortex after controlling for
cannabis use. Increased activation due to MDMA use
being |l ess fAeffici ecredsdina
neuronal activity to perform at a similar level as contrc

Ecstasysers displayed significantly lowered
hippocampal activity relative to controls during the
working memory task. Time since last use was
negatively correlated with left hippocampal activity

No significant effects of ecstasy or any other drugs on
brain activity relating to working memory (modified
Sternberg task) and attention (SAT task). However in
asseiative learning task ecstasy use predicted lower
activity in the left DLPFC and higher activation in the
right middle occipital gyrus, reflecting compensatory
mechanisms.

No differences in visual cortical activation between the
two groups. No correlation between MDMA exposure
and BOLD signal change
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Rajet al (2010)

Roberts and Garavan (2010)

DTI

de Winet al.(2007)

de Winet al.(2008a)

Reneman, Majoiet al. (2001)

Functional analysis during a semantic recognition ta:
in 16 ecstasy polydrug users

Functional analysis during Go/NoGo task in 20 ecste
users ad 20 drug naive controls.

Structural analysis: 30 participants scanned before
ecstasy use and soon after first reported ecstasy use

Structural analysis: 59 novice MDMA users, 56 nion
user controls

Structural analysis: 8 ecstasy users, 6-user controls

During semantic recognition, but not encoditifiptime
episodes of MDMA use and lifetime dose were both
inversely correlated with %BOLD signal change at BA
Lifetime epbBodes of use was inversely correlated with
BOLD signal change in BA 18 and 21/22. After
controlling for other drugs the correlation at BA 9
remained significant.

Ecstasy users displayed greater activity in right middle
and inferior frontal gyri, right middle frontal gyrus and
right inferior parietal lobule, during successful respons
inhibitions, compared to controls. Ecstasy users also
displayed greater error activation in the right middle a
inferior temporal gyri. It is suggested that increased
activation despite equivalent performance, shows
increased neuronal recruitment to inhibit in ecstasy us

0.9% significant increase in FA of white matter in the
centrum semiovale as well as a significant decrease
(3.4%) of ADC in the thalamus obsed post ecstasy
use. However increases in FA did not remain after
correction for multiple comparisons and exclusion of
participants with continued cocaine use

Ecstasy users showed a significant decrease in FA in
thalamus and frontparietal white matter. Ecstasy user
also showed an increase in FA in the globus pallidus i
ADC in the thalamus relative to controls

Ecstasy users displayed a significant increase in ADC
the globus pallidus relative to controls. No significant
correlations were observed between extent of previou
ecstasy use and ADC values
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Moeller et al. (2007)

Liu et al.(2011)

de Winet al (2008b)

PET

McCannet al (1998)

Structural analysis of 6 regions of the corpus callosu
(Genu, Rostral body, Anterior Midbody, Posterior
Midbody, Isthmus and Splenium): 12 ecstasy users,
nonuser controls

Structural analyis. Whole brain DTI on 25 ecstasy
users and 27 neuaser controls.

Structural analysis. DTI of the thalamus in 71 polydrt
users.

Structural analysis using radioligandrbonl1-labelled
McN-5652 to observdifferences in SERT binding
between 14 ecstasy users and 15-uger controls

MDMA users had significantly reducéangitudinal
diffusivities in the rostral body of the corpus callosum
relative to controls, consistent with axonal damage in
MDMA user s. No signi f brca
transverse diffusivity were observed

MDMA users showed clusters with significantly
increased FA in posterior parts of bilateral thalami anc
the retrolenticular parts of internal capsules comparec
controls. Decreased FA walsa observed in MDMA
users in the genu of the corpus callosum. Furthermore
MDMA users showed significant decreases in ADCs il
the bilateral thalami, posterior internal capsule and
corona radiata along the bilateral corticospinal tracts,
well as signifiantly increased ADC in the bilateral
anterior internal capsule, the bilateral superior
longitudinal fasiculus and the splenium and genu of th
corpus callosum

Extentof MDMA use was significantly correlated with
decreased FA in the thalamus. No significant effect of
MDMA on ADC in the basal ganglia

DVRs for binding of the radioligand were significantly
globally decreased in MDMA users relative to controls
Decreases in SERT binding correlated significantly wi
extent of pevious ecstasy use
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Buchertet al. (2003)

Buchertet al (2004)

Di lorio et al. (2012)

Structural analysis using radioligandrbonll-labelled
McN-5652 to assess SERT binditrgthe
mesencephalon, putamen, caudate and thalamus of
ecstasy users, 29 formasers, 29 polydrug controls ar
29 drug naive controls

Structural analysis using radioligandrbonl1-labelled
McN-5652: 30 ecstasy users, 29 former users, 29
polydrug controls and 29 drug naive controls. Follow
up from the 2003 study

Structural analysis using radioligarfdf]setoperone in
14 female ecstasy users and 10 female usar
controls

Ecstasy users had significantly lower DVRs in the
mesencephalon than all other groups. Ecstasy users |
significantly reduced DVRs in the caudate relative to
polydrug users and in the thalamus, egstasu s e r s
were significantly reduced compared to polydrug user
and drug naive controls. Mean DVRs over all areas w
lowest in current users. However, DVRs for former us
and drug naive controls were similar across all areas.
There were no differeres between groups in DVRs in
the white matter.

Ecstasy users had significantly reduced DVRs in the
posterior cingulate gyrus, left caudate, thalamus,
occipital cortex, medial temporal lobes including the
hippocampus and parahippocampal regions and
brainstem with mesencephalon and pons compared t(
3 control groups. More pronounced in females than
males. No significant differences in SERT availability
between former users and the two other control groug
DVRs and MDMA abstention periods were positively
correlated in the brainstem with mesencephaluh@ons
and the basal forebrain. SERT appeared to normalise
this follow up study.

Ecstasy users haignificantly increased-biT2a receptor
binding in occipitalparietal, temporal, occipito
temporalparietal, frontal and frontparietal regions.
Lifetime use was significantly correlated with binding
increases in frontparietal, occipitetemporal, fronte
limbic, and frontal regions. No significant effects of
duration of abstinence on binding
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Thomasiuset al. (2003)

McCannet al. (2005)

McCannet al (2008)

Sudhakaget al.(2009)

Urbanet al.(2012)

Structural analysissing the radioliganf'C]McN5652
to assess SERT density in 30 ecstasy users, 31 forn
users, 29 polydrug controls and 30 drug naive contrc

Structural analysis using radioligand¥JJMcN5652
and ['C]DASB: 23 ecstasy users, 19 Roser controls

Structural analysis using radioligand¥JJDASB to
investigate SERT binding, alongsiflel C]WIN 35,428
to investigate dopamine transporter binding: 16 ecst:
users, 16 nofiser controls

Structural analysis using'C]DASB in 12 former
ecstasy users, 9 polydragntrols and 19 drug naive
controls

Structural analysis using SERT ligartdJ]DASB and
the 5HT2A receptor ligand'fC]MDL: 13 ecstasy
users, 13 nowiser controls

Ecstasy users showed significantly reduced DVRs in 1
mesencephalon in relation to all other groups. Numbe
ecstasy exposures was the best predictor of DVRs in
thalamus and caudate nucleus, anthber of ecstasy
tablets taken in the year leading up to testing was the
predictor of DVRs in the mesencephalon

Global reductions in DVRs observed in MDMA users
compared to controls with both radio ligands. Global
DVRs correlated with duration of abstinence. Global
SERT binding DVR was also inversely correlated with
typical monthly MDMA dose for both radioligands

SERT significantly reduced in occipital cortgpgrietal
cortex, temporal cortex, anterior cingulate cortex,
posterior cingulate cortex, DLPFC and hippocampus 1
ecstasy users. The reductions were greatest in cortice
regions and there were no significant differences in
SERT binding in subcortical reans. No differences
observed between users and controls in DAT binding
the caudate or putamen, and no relationship between
MDMA use and DAT binding.

No significant differences observed in cerebellar DVR
and no correlations between MDMA use and SERT
binding

Presynaptic SERT availability reduced overall in ecste
users compared to controls for cortical but not
subcortical regions. Most pronounced differences in tt
medial prefrontal cortex, occipital cortex anchfgoral
cortex. Decreased SERT regionally associated with
upregulated 5HT2a receptor binding.
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Kish et al (2010) Structural analysis using'C]DASB in cortical and Regionaispecific decreases in'C]DASB binding in
subcortical areas: 49 ecstasy users, 50usan controls ecstasy users compared to controls was restricted to
entire cerebral cortices and hippocampus with the mo
marked reduction-46%) in the occipital cortex. No
changes were observed in the SERT riciatsim
(Caudate, putamen and ventral striatum), thalamus,
global pallidus or midbrain
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Chapter 6: Electrophysiologicimdices of executiveunction

6.1 Chapter eerview

Chapter 3 reviewed the literature on executive functiorcidein relation to MDMA
use.Furthermore Chapter 5 reviewed the evidence of structural and functional neural
alterationdn relation toMDMA use. It was observed that there was a paucity of
neurophysiological data systematicallgsessinfyliyake et al.  §26€00)conceptual
framework of executive functio@ne of the aims of this thesis is to fully characterise the
nature of MDpdAtideentral éxecative of working memorihefollowing
chapterinvestigates each of the fopreviously defined exaitive functions with behavioural
tasks assumed to tap one function tradr electrophysiological correlateSwenty ecstasy
polydrug users20 ecstasy naive polydrug contralsd 20 drug naive contsolere recruited
andGo/NoGo,numbetletter, nback anl semantiassociatioriasks were undertaken.
ANOVA reveded no significant between group differences on performareasures for the
Go/NoGo, numbeletter and semantic association tagksere were no differences between
groups in terms of errors on theback task, however reaction time data revealed that drug
naivecontrols were significantly slower to respond tipatydrug controls on all levels of the
task.The ERP data showed drug related atypicalities in the Ppawent during, the
Go/NoGo task. fere were also drug related differences in the N2 coemtan the semantic
associatiortask,as well as drug effects on positisemporents (P2 and P3) during the
numberletter taskThere were no between gmidifferences on the ERP dataidg the i
back task. The results from this chapter reflect ecstasy/polydrug relggeidalities of
processing during tasks that tap inhibitory control, switching and access that may reflect
compensatory mechanisms/cognitive reallocation of resources to attenusat et

differencesThe results from the data on inhibiti@witching and accessve been
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published in three separgteirnal articles (Robertst al, 2013a, b and ¢t in pres$ and

copies of these publications can be observed in the appendibés thesis.

6.2 Introduction

Areas that are involved in working memory such asRhPFCare richly innervated
with 5-HT receptors; therefore degradation to the serotonergic system via ecstasy use could
lead to deficits in cognitive processessociatedavith these forebrain structures. Significant
deficits have been observed in ecstasy users compared-tsemin components of
working memory such aspatial working memorgWareinget al.,2005, access to semantic
memory andmemory uplating (Fisket al.,2004; Montgomery, Fisk, Newcombe &
Murphy2005). Furthermore, ecstasy users perform poorly in information processing tasks
when cognitive demand is higiWareinget al.,2000). It haseensuggestedColeet al.,

2002), that lack ofsleep (among other possible lifestyle varialasay exacerbate or
indeedcausehe observedognitive deficits in ecstasy using populations. Furthermore
several characteristics of sleep such as sleep quality, length of sleep (hours) and related
changes in alertness have been reported to be altered in ecstasy users relative to controls
(Allen et al.,1993).However such deficits appeto have little mediating effect on ecstasy

related cognitive deficits (e.g. Montgomestyal.,2010).

When looking at executive functioning in ecstasy users, some functions appear to be
more affected than othe{See Chapter 3 for a reviewhere isa differential pattern of
impairment based on previous drug use history and type of function, with the updating
function of the executive being particularly susceptible to ecstasymseggomery & Fisk,

2008 Montgomery Fisk, Newcombe & Murphy, 200%long with acces® long term
memory (Montgomery, Fisk, Newcombe & Murphg005). Inhibitory control and set

switching appear to be more robust to ecstatated deficits; however, recent research
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suggests that even in the absence of behavidiffatences, ecstasy users may show
electrophysiological differences related to task demands (Bueget2011). Consequently,
participants in previous studidssplaying no impairments in theehaviouratasksmay not
necessarily bed efxuhnicbtiitoinnign gi n olrhneaughtrtoeasseset st u
all aspects of executive functioning (elation to Miyakeet al6 2000,andFisk & Shar@ s
2004framework$ in ecstasy users through behavioural and electrophysiological assessments

of performance.

Inhibitory control (see Chapter 3.2.2 foeview)requires effortful control over
instinctive (predominant) responsédthough the DLPFC, ACC and Inferior Frontabrtex
are commonly activated duringorking memory performance (Duncan & Owen, 2000
neuroimagng and lesion data indicatdsat the inferior frontal cortex (IFGhay have a
particularly important role in inhibitory controlAfon et al, 2004) Furthermore this area
may also play a role in mental set switching, given that task switching may require inhibition
of responses to a now inappropeigask (Aroret al, 2004).The Stroop task has been used in
several sudies tatestwhether ecstasy usmpairsinhibitory control(Back-Madrugaet al.,
2004; GouzoulisMayfranket al.,200Q Morganet al.,2002, with all studies reporting no
ecstasyrelated impairment. Wareirgg al. (2000) employedherandom letter generation
measure of inhibitory contr@ind observeé performance deficits in ecstasy users compared to
nonusers howeverthere have been failures to replicate {fisk et al.,2004). A review by
Murphy et al. (2009)foundthat the literature on inhibition in ecstasy users was unclear,
although there is little evidence to suggesitasyrelated impairmentd=urthermore any
perceived impairmerdan beobscured by confounding variables such as polydrug use and
although the use of ANCOVA and regression are usually employed to statistically control for
this, the majority of findings in the literature need to be interpreted with some degree of

caution.
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A commonly used task in the inhibitiditerature is the Go/NoGo taskhis task
requires participants to only respond to certain stimuli and therefore inhibit prepotent or
dominant responseBrevious studies using this task with ecstasy users (e.g. Gouzoulis
Mayfranket al.2003) have observed littldifference in performance on the task between
nontusers, moderate users and heavy users. However it has been suggested that 5
depletion, as well as impaired executive functions may playeamohhibitory control
(Morganet al.,2006) One study conducted on ecstasy users mithmal exposure to other
drugsreported that heavy use of MDMA led to notable impairments in inhibition and

impulsivity (Halpernet al.,2004).

Although much of the research on behavioural tasks assessing inhibitory control in
ecstasy users has prded inconclusive evidence, perhaps such cases where no differences
have been observed can be attributed to compensatory mechdmigwsas proposed in an
fMRI study by Roberts and Garavan (20Mhere increasedctivationwas seelin right
middle andnferior frontal gyri, right middle frontal gyrus and right inferior parietal lobule,
in ecstasy users relative to controls in a Go/NoGo task, despite equivalent task performance

(see Chapter 5.5).

Mental set switching (or shiftings defined in Chapter31) is theability to alternate
attention as required between two tasks, or betwdfarent components of a taskhis
executive function reflects cognitive flexibility and deficits here may have implications for
real world situationisfor example intie work environment where reallocation of attention (or
switching between tasks) is required continually. The neural basis of this executive function
is proposed to be localised the lateral prefrontalortex (Doveet al, 2000)and leftDLPFC,
parietal and temporal regiofSmith, Tayloret al, 2004) In ecstasysers, research in

switching is equivocalFox et al.,2001; Foxet al, 2002).However tasks used do not always
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solely assess switching (Fisk & Sharp, 2004). WHeST has been empyed frequentlyo
assess switchingrenemaret al.,2006 Thomasiuset al, 2003)yielding noecstasyrelated
deficits. The mmberletter task (Rogers & Monsell, 19963s ato been use(Montgomery,
Fisk, Newcombe & Murphy2005, showingno clear ecsasyrelated deficits. Conversely
Halpernet al.(2004) observed deficits in switchinging the WCST. The cohort in this
sample had minimal exposuredther drugs and as such potential confounds from polydrug
use were reduced. Howeyaer a follow up stug (Halpernet al, 2011) with a larger sample
and similar controls for concomitant drug used ather lifestyle variables, nwehavioural
deficits in switching were observed. However, Dafters (2006) did obskficits in ecstasy
users relative teannabs users and controls, in a task switching version of the Stroop task.

As such the impact of MDMA exposure on this executive function remains unclear.

The updating component of the central executive involves monitoring and updating
incoming information andeplacing ndonger relevant informatiowith salient information.
This requires active manipulations of incoming information rather than simply acting as a
short term memory store (Morris & Jones, 1990)e updating memory parapi (Morris &
Jones, 199(Pollacket al.,1959 has been used to investigate the neural basis of the central
executive and to distinguish between this executive function and slave (storage) systems.
Neuroimaging studies have confirmed the dissociatewéen passive storage of
information and active manipulation of incoming information by localising the two processes
to separate areas (parietal lobes and frontaklo&gpectively) (Smith & Jonide$997)
More recent neuroiaging studies have often uksthen-back task to study this executive
function finding activation irthe left frontopolar cortex, bilateral dorsolateral prefrontal and
premotor cortex, bilateral intraparietal sulcus, right inferior parietal lobule and the cerebellum
(Colletteet al, 2007).Updating as reviewed in Chapter 3 appears to be more reliably affected

by ecstasy use (Montgomery & Fisk, 2008: Montgomery, Fisk, Newcombe & Murphy, 2005).
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However there is still a plethora of studies that observe no easfassd deficits intis area
(Bhattachary & Powell 2001; Thomasiesal.,2003) The nback task can be varied for
difficulty and is ideal for using during EEG as it is computerised with button responses.
Results from theback task in ecstasy using populations havebaeh as consistent as

results from consonant updating or spatial updating. Several studies have reported no
significant differences between users and cont@itmann, Fimnet al. 2003;Daumann,
Fischermann, Heekerexn al.,2004; Gouzouligvayfranket al, 2003). However, the samples

in these studies were smaller than the present study. Moreover task difficulty has rarely been
varied to extend further thanldack and there is evidence to suggest that ecstteted

deficits may be more pronounced witltieased cognitive load (Wareiegal.,2000). As

such this study W include a 4back conditionFurther to this, some of the studies on the n
back task that yielded no between group differences behaviourally, were combined with
neurophysiological meases and showed subtle brain functioning alterations in ecstasy users
(Daumann, Fimnet al.,2003), highlighting the sensitivity of neurophysiological

measurements for assessment of cognitive impairment.

Accessrequires activation of long term memory netisrAlthoughnot included in
the initial conceptialisationof Miyakeetal 6 s  (fram@viofk pf executive function,
Baddeley (1996) suggested that temporary activation of long term memory stores was an
important furction of the central executivindeed inFisk and Sharf £2004)work on
cognitive ageingthefactor structure obtained was consistent with Miyakal. (2000),
thoughan additional factor was obtained that reflectedefifieiencyof access to long term
memory as measured by wofluency.Significantly, wordfluency has been observed to
have neurological correlates in the left prefrontal coitéett inferior frontal gyrus, anterior
cingulate and superior frontal sulcus (Risest al, 1997. For access to semantic memory

somestudies using the COW#gaskhave yielded deficits in ecstasy users compared to
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controls (Bhattachary & Powell, 200Eox et al. 2002, whereas others report no such

deficits (e.g. Hippernet al.,2004) However, as a written variant of the COWask the

Chicago Word Fluency Test appears to yimaloke consistent observable defdn ecstasy

users (Montgomery, Fisk, Newcombe & Murp@905 Montgomeryet al.,2007). It remains

a possibility that a verbal one minute retrieval task, with no restrictions upon vperdity

length is too simple to require the involvement of the central executive and as such ecstasy
users may not show any impairment on the COWA. It has been noted that ecstasy users have
shown impairments on difficult aspects of tasks, yet appear ureffentsimple tasks that

require relatively automatic processing (Febal, 2002). Consequently further investigation

of ecstasyrelateddeficits in access to semantic memory is required.

Whitneyet al.,(2011)investigated the neuronal network involved in semantic
retrieval and processingianipulating sength of semantic association with the cue word
(low vs. high. Transcranial Maggtic Stimulation (TMS) was employed to disrupt processing
in the Inferior Frontal Gyrus (IFG) and the posterior middle temporal cortex. Disruption to
both of these sites produced atiation of effective processimj executively demanding
processes. blvever processing of cutarget stimuli with strong semantic associafthrat
are relatively automatjavasunaffected by the disruption. It was concluded that there is a
network of prefrontal and posterior temporal regions that underlie semantic canttohay
provide an explanatioof why ecstasy users may be unaffected in relatively simple semantic
retrieval tasks, such as the COWASs such in this experiment a similar semantic association

task will be used that has semantic strength manipulation.

Neuroimaging techniquesuch as EEGre useful in providing a clearer indicatioh
alterations of normal cognitive functioniniggr exampl e i n patients wit

who exhibit increases in prefrontal activity @mparison to controls duringecutive
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functioningtasks Saykinet al (1998)o bser ved t hat Al zhei merds pa
additional activation in frontal regions which they postulated reflects recruitment of

additional resources from local and remote regions when conducting a semantic memory task
(see alsd@sradyet al 2003;Woodad et al 1998for other examples of compensatory
mechanisms)Similarly, fMRI research in ecstasy usehnss revealethcreased BOLD

response, during working memory tasks, despite equivalent performdnch,has been
suggested to reflect compensatory mechanisms due to task inefficiencyeflalg@008

Moelleret al., 2004)

ERP research has demonstrated ¢oghitive impairment is associated with
alterations to the P3 amplitude or lateresthe P3is involved instimulus processinguch
alterations in P3 activity have been reported in ecstasy users, for ex@ageet al. (2005)
observed a reduction in P3 amplitude in both heavy and moderate ecstasy user groups
compared to controls in Visually Evoked Potentials (VEP) pertaining to a simple
discrimination task, though no differencedatency wer@bserved. Furthermoldejiaset al.
(2005) report longer P3 latencies for detection of target stimuli in a visual oddball task,
suggesting reduced cognitive processing. de &adh (2008)observedh reduceduditory
ERPP3amplitudein ecstasysers corpared to nofdrug controls and cannabis users,

although this was nesignificant.

The Go/NoGo taskequirescontinuous attention to the stimidi effectively make
(Go) or inhibit (NoGo) responseand is usefudbr measuring processing and attentional
capacity in ERPs (Smitét al., 2004) The P3 component, although a significant component
in many cognitive tasks due to itsyolvement in attentional processing, does not appear to
have a consistent role in response inhibition. This is possibly due to this component occurring

relatively late and therefore not in the initial early inhibition processes.
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The N2 componentinderstod to be important imhibition, due tahis component
reflecing stimulus discrimination (Rittegt al.,1982) has been observed to be larger in
inhibition trials (NoGo) than nemhibition (Go) trials (Koket al.,2004) This component
also reflectsieuonalprocesses involved in conflict monitorirend is determined by the
processing of distracting informatiohherefore the N2 is oftencreased in high condt
trials (Yeung & Cohen, 2006).sAsuch it may be expected that switch trials in the mumb

letter task cause an increase in N2 amplitude.

Low association trials of the semantic association itagtke presenstudypossess
increased conflict compared to high association trials. This task requires participants to link a
cue word with a targetord based on their semantic associgtighist ignoring irrelevant
distractor wordslIn high association trials the association between the cue and the target is
very strong, whereas this is much weaker in the low association trials hence producing
conflict. Related tasks that produce conflict, for exampleStieoptaskhave yielded
increases in negativity waveformsof incongruent Stroop trial@Vest & Alain, 1999)and
this has been suggested to reflect increasattantion resources (Pottetral, 2002) Indeed
studieson participants with mild head injuries have observed equivalent performance to
controls oncognitivetasks, coupled ith increased N2 componerttsat reflect recruitment of
additional resourceRugg,et al.,1993) It is suggested bRugget al.,(1993) that greater
negativity observed in head injury patients ERPs reflect allocation of attention resources
necessary to cope with task demands and to achieve similar performance output to controls.
Furthermore Suazonoet al. (2000) suggest that posterior N2 reflects the degree of attention
required for processing stimuli. Increases in attentional demand may reflect allocation of

additional resources.

123



The P2 wave can be observed at anterior and central sites, and elicits a larger
response to simple target features that are relatively infrequent (Luck & Hillyard, T9®z1)
component precedes the N2 anthisughtto be involved in the initial inhibition from further
processing in targettimuli (Hansen & Hillyard, 198). The P2 componerns an early
component in an ERP waveform, and thus is associated with early orienting and stimulus
evaluation. Furthermore this component has been observed to increase \{#tmagdo &

Diaz, 1999; Ford & Pfefferbaum, 19915arciaLarreaet al (1992)suggest that in ageing
populations a growing deficit in ability to withdraw attention from stimuli becomes apparent.
Increases in the P2 component may reflect early orienting increases in cognitive allocation, or
fixation as a function of cognitive agginor may even refléencreased impulsivity

(Fritzscheet al.,2011).

Recently, Burgesst al.(2011)looked at ERPs as evidence for selective impairment
of verbal recollection in currently abstinent recreational MDMA/polydrug users. Interestingly,
there appeared to be no significant differences between ecstasy users, polydrug controls an
drug naive controls on the behavioural tasks (memory tasks which involved recognition of
words and faces). However the ecstasy user group showed attenuation of late positivity over
left parietal scalp sites, which is a component associated with the snprooess of
recollection. Ecstasy users showing a durable abnormality in this ERP component
exemplifies how EEG is a much more sensitive measure of cognitive impairment than
behavioural measures alone. This point is further elucidated by Natls¢r{2011) where
ecstasy users displayed alternative patterns of activity in ERRpared talrug naive and
polydrug controls in short term and working memory tasks, despite no significant behavioural

differences.
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The aim of the currergtudy was to observe whether there are any behavioural or
electrophysiological differences betweststasy users and controlgasks measuring
inhibitory control (Go/NoGg)mental set switching (numbgstter task)updating (Rback
task and accessemantic associatidask) It is predicted thagiroup differences in
performance on the Go/NoGo task and the nurditar taskwill be negligible Howeverit
is expected that ecstasy users may show impaired performance ebatletask and the
semantt association task. Regardless of behavioural perfornasmrvable differences in
components of the elicited ERPs are predidteid envisaged thatcstasy polydrugsers
will show a diminished P3 response, ireliwith cognitive impairment. Furtherneaf
behaviouraHifferences are silenERP responsas line with compensatory
mechanisms/cognitive impairmegute expected. More specificalipcreases in N2 and P2

amplitudes that reflect compensatory mechanisms and recruitment of addasmalkes

6.3 Method

Design:

In all analysesa between grougsctor of drug user group with thrésvels(ecsasy
user, norecstasy polydrug controéd drug naive adrols) was employedJnivariate
ANOVA was conducted on the behavioural data fer@o/NoGq(inhibition) and the
numberletter tak (switching) withscores on the Go/NoGo (NoGo errors) and composite
scores on the numbdatter task (switch cost) as the dependent variables respechfirbd
ANOVA was conducted on the behavioural data for theasgimassociation (acsg) and n
back (updating) tasks, with difficulty level as the within subjects factor (2 levels for semantic
association high association véow association, and 3 levels fotbacki n=0, n=2 and

n=4).
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ERP data on all tasks wasadysed using mixed ANOVA, with drug user group as the
between subjects factor aatkctrode sit@as within subjects factors for the three ERP
components. The-back task and the semantic association task had an extra within subjects
factor of difficulty. Mean amplitudesyvolts) at the selected electrodes for the various
components were the dependent variables. Where appropriate significant main effects were

further investigated using ANOVA and Tukey HSD tests.

Participants:

Twenty ecstasy users (mean ag23.95, SD = 0.57, 10 male), 20 rdrug user
controls (mean age = 23.1, SD = 0.66, 7 male) and 2@&ostasy drug user controls (mean
age = 22.58, SD = 0.79, 9 male) were recrwiadlirect approach to university students and
club goers. In terms of statistical power, with 20 participants in each of the three groups, the
sample is sufficient to detect a difference between pairs of means of at least 1 standard

deviation at alpha 5 and beta =.20 (Hinklet al, 1994).

Inclusion in the ecstasy user group required participants totakee ecstasy/MDMA
on 5 or more occasions over their lifetime (actual minimum = 5 ecstasy talvldisgs of
ecstasyse were as follows: total lifetime dose 177.65 tablets £ 30in&&8n amount used in
last 3 days 0.6 tablets + 2.26, and frequencysa 0.24 times/week = 0.4Rurthermore for
inclusion in both control groups participants must have never used ecstasy/MDMA, however

all other illicit substances we permitted for th@oly drug user control group.

All participants were asked to abstainnfr@onsuming ecstasy for a minimum of 7
days prior to testing and urine samples were collected upon arrival to the lab to confirm
abstinence (after ingestipDMA is generally accepted to be detectable in urine 8r 1
days, this is the same for cocainel @amphetamines, with cannabis being detectable for

anything up to 95 days Verstraete, 200rticipants were also requested to abstain from use
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of other illicit drugs for a minimum of 24 hours prior to participating and ideally for 7 days.
Tobacco smoking was permitted thre day of testing. All participants reported no current or

last year diagnosis of psychological disorders.

Materials

Several questionnaires were issued to participants upon entering the lab, these
included: A background drug use questionnaire which gesvthe researcher with indices of
drug use patterns and other lifestyle variables. In this questionnaire comprehensive details of
ecstasy use as well as other illicit drug use are requested, such as first and last drug use,
patterns of drug use, frequeesiand doses over time. Using a method employed by
(Montgomery, Fisk, Newcombe and Murp005),estimates of total lifetime drug use of
each drug were calculateBotals for last 30 days drug use as well as weekly drug use
estimates were also calculated. This questionnaire also sought information about health, age,

years of education and changes to mood and cognition amongst other lifestyle variables.

Measures ofleep aiality

Seveal questionnaires assesssigep quality and alertness were employed to
investigate any possible relationship between sleep quality and cognition. These include a
sleep quality questionnaire, exploring typical quantities of sleep (how many hours slept
typically, how many hours ovéne last 3 nights) and level of quality of sleep. The Epworth
Sleepiness Scal&SS, Johns, 1991), explores the chances of dozing or falling asleep in
various situations. A high total score here is indicative of increased subjective daytime
sleepiness. The MorningneBseningness Questionnaire (MEQ, Ternedal.,2001)is a
selfassessment of morningnesgningness in human circadian rhythms (originally
developed by Horne &stberg, 1976)A high score on this questionnaire is indicative of a

morning type person and a low score is indicative of an eveningé&pen Finally the
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Karolinska Sleepiness ScqleSS) (Akerstedt & Gillberg, 199Q)is a seHassessment of
sleepines at the current moment in time, therefore this can be administered at different time

points of the experiment to assess sleepiness,

State nood.

State Anxiety, Arousal and Depression were measured using scales devised by Fisk &
Warr (1996)The UWIST mood adjective checklistJMACL). Participants are required to
rate on a 5 point likert scale from 1 = not at all, to 5 = extremely, how they are feeling at the
time of testing. A higlscore on each sulale indicates increased hedonic

tone/anxiety/arousal.

Raverd® sPM$Ravenet al, 1998)

Raver@s standad progressive matrices (SPM) werged an indicator of fluid
intelligence. This involves a series of problems (5 sets of 12, 60 in total), presented as a
symbolic sequence. Participants are required to select an appropriate response to tta@mnplete
sequence from a choice of giptions. Siccessful completion of the task requires an
understanding of the parts of the sequence and their interaction with one another. Each block
of 12 problems begins with an intuitively simple problem and the problems become

progressively more difficult as thask continues.

NASA-TLX (Hart & Staveland1988)

This is a multidimensional scale, consisting of six ssdales (mental demand,
physical demand, temporal demand, personal performance rating, etfdrustration).
Participants are required to place a mark on a 100%§, indicating where they perceive
their demand to be on the scale. These are administered to observe whether there are any

differences between ecstasy users and-nsars in demand perceived by the participant as it

128



has been suggested that ecstasy users may be more susceptible to stressugers non

(Wetherellet al.,2012)

Tasks

All behavioural tasks wengrogrammed in Inquisit version 3.0.6.0 (Millisecond

software, 2011)

Inhibitory Control: The Go/NoGo task is frequently used in combination with EEG to
assess inhibity control (Gammaet al, 2005; Kok, 1986; Oddy & Barry, 200%articipants
are required to AGo0O ( ppeaesosthetsdremn, Sopevar theyhrar ) W
to inhibit their response ANoGoo, when any o
designed such that AX0 appears 75% of the ti
the time.Thus,the task builds up a@potentrespnse t o A Goo. Fblockt her mor
of the task has AX0 appear i ngpoterd/d@pinantf t he t i
response which participants are required to inhibit. The task them@mprises of two
blocks; a practise blakc wi t h trial§, folfovdd By an interval and then a larger main
block whereby participants are required to attend to 240 trials (180 Go/ 60 NoGo) lasting a
total of approximately 15 minutes. The task has an-inirinterval of 1.5 seconds and
paticipants had an epoch of 2.5 seconds from stimulus onset to respond. Participants were

instructed to respond as quickly and as accurately as possible.

Mental set switchingThis executive function vginvestigated using the number
letter task as per Rogers and Mon§E895). During this task, numbéatter pairse.g 1 B6 0
are displayed in one of foguadrants on a screen. If the numlggter pair appears in one of
the top two quadrantparticipants attend to the letter and respond to whetfeeaivowel or
a consonantf the pair appeais the bottom two quadrantsarticipants are required to

attend to the number and respond to whether it is odd or even. Irsth@dck of trialsthe
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numberletter pairs alternate betwetre top two quadrants; in the secdndck the pairs

alternate between the both two quadrantdn the finalblock, the pairs are presented in anti

clockwise rotation, therefore ewetwo responses requires a &hiin the mental set between

letters and numbers. The laterdifferencebetween the trials with the switch and those not
requiring a s wistThétaskis comngrised df sbtackst tieeHirstdwm of

which are practise blocks consistirmg@?2 triak in each. This is followed by founain blocks,

each consisting of 64 trials (31 fAswitcho tr
was an intetrial interval of 1.5 seconds and participants were allocated an epoch of 5

seconds teespond. Participants were instructed to respond as quickly and as accurately as

possible, and overall the task took around 20 minutes to complete.

Access to Semantic Memoihis was assessed using armsmtic association task
basedn thosaused by Whitnewt al.(2011) and Badret al.(2005) two types of semantic
judgement which differed in their level of difficulty (high association/low association) were
used. In both difficulty levels particgmts were presented with a cue word in the centre of a
computer monitor followed by three target words, one which had a semantic association with
the cue, and two distracters. Participants had to decide which of the three target words had the
strongest seantic association with theue word. Participantselected their answer by
pressing one of three buttons on a response box which corresponded to their position on
screen. They were either high association between cue and target words (e.g.ftamd)e
or low association (e.g. detectiveearch). The low association judgement is deemed to be
more difficult and require more processing than the relatively automatic high association
semantic judgements. As such the low association between cue and &agets la less
obvious dissociation from distracters requiring recruitment of additional executive resources
in the semantic network (Whitney al.,2011). The stimuli used were matched for word

length, frequency and ctarget association strength (Baeéteal, 2005; Whitneyet al.,2011)
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and were kindly provided by Whitnet al The task consisted of a practise round followed

by 4 blocks of 30 trials, with both high and low association trial types appearing in each

block pseudaandomly (15 of each ieach block). The cue word was presented fsedond

in the centre of a computer screen. After this the three target words appeared below aligned to
the left, centre and right of the monitor. Particiganere instructed to respond jessing a

button onthe response box corresponding to the position of the target on the screen (left,
centre, right). The targets remained on screen until a response was made or until the trial
timed-out (time out set to 8.5 seconds). An inter trial interval of 2 secondemjaigyed.

The task toolaround 20 minutes to completarticipants were instructed to respond as

quickly and as accurately as possible.

Updating: This functionwasassessed using arback taskA variant of the task first
implemented by Kirchner (1958)as designedvhereby participants were shown a series of
digits presented singularly (either 7 or 8 digits in a series) followed by a probe requiring
participants to recall t he nfthetlasdigitgdrésgnted. b ac k
A version of the task was used in which after the series of digits were displayed participants
were required to recall n = 0, n =02n = 4.Three blocks of 65 trials were completed, with
trial types appearing in each block pdeuandomly. Participants responded by selecting the
desired number €9), via scrolling through the numbers using the arrow keys on a likert scale.
The scale stayed on the screenlunresponse was made or until the trial tinoed (time out
set to 12 sconds). There was an inter trial interval of 3.5 seconds. The task took around 60
minutes to complete and participants were instructed to respond as quickly and as accurately

as possible.
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Equipment

Electroencephalography (EEG) was recorded using a&@#nhehBiosemi AgAgCI
activetwo electrode system (Biosemi B.V, Amsterdam, Netherlands) with pin type
electrodes mounted in a strefigisra headcap (Biosemi). Electrodes were positioned
according to the international -BD systemElectrical activity wasecorded from the
following sites: frontal (FPz, FP1, FP2), antefiiavntal (AFz,AF3, AF4, AF7, AF8), frontal
(Fz, F1, F2, F3, F4, F5, F6, F7, F8), frontocentral (FCz, FC1, FC2, FC3, FC4, FC5, FC6),
central (Cz, C1, C2, C3, C4, C5, C6), temporal (FT7,,AT/8 T8, TP7, TP8), parietocentral
(CPz, CP1, CP2, CP3, CP4, CP5, CP6), parietal (Pz, P1, P2, P3, P4, P5, P6, P7, P8, P9, P10),
occipitoparietal (POz, PO3, PO4, PO7, PO8) and occipital (Oz, O1, O3jdma
electrolyte gel was used to ensure contaavben scalp and electrodes. Vertical and
horizontal electrabcculograms were recorded using bipolar, flatX@l electrodes
positioned above and below the left eye as well as to the outer side of each eye. Data was
digitized at a sampling rate of 512Hz amuifilters were applied online so that the data could

be visually inspected for noise and offline filtering could be performed.

Procedure

Testing sessions commenced at 9.30am or 1.30pm, and equal amounts of participants
from each condition were testedtire morning as were in the afternoon. Upon entering the
lab, participants were given a brief description of the experiment and written consent was
obtained. Following this, participants were required to give a urine sample. The urine sample
was frozen at25 Celsius and later transported to the clinical laboratories for analysis. First,
participants were required to fill out the battery of questionnaires whilst their head
circumference and other details were measured, and an electrode cap and electeodes we

fitted. The questionnaires were admtered in the following ordeBackground drug use
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guestionnaire, Morningnegsseningness questionnaire, sleep quality questionnaire, mood
scale, Epworth Sleepiness Scale, Karolinska Sleepiness Scaledprandluid intelligence
was assessads i n g R a vFellovarng cogiplétdon of these questionnaires, providing
the EEG setup was correct and actiview running, the computerissaviaskompleted on a
desktop computer running inquisit version 3.0.6.0 (Millset software, 2011). The NASA
TLX quegionnaire was completed after edelsk. Upon completion of the tasks a final
Karolinska Sleepiness Scale (after) was administered. Finally participants were fully
debriefed and paid £20 in store vouchers. The studyapproved by the Liverpool John
Moores UniversityResearch Ethics Committeend was administered in accordance with the

ethical guidelines of the British Psychological Society.

EEG Analysis Go/NoGo

The EEG data was analysed using BESA(MBGIS softwae GmbH, Grafelfing,
Germany) All recordings were visually analysed offline, using high and low pass filters of
0.1Hz and 40 Hz respectively. Any channels judged to be bad were replaced by interpolation
and all data were EOQ€orrected using BESAs PCA basalgorithm. All trials judged to be

bad after this point were discarded.

Go/NoGo:EEG was segmented into epochs fr&0 to 1000ms from time of
stimulus onset. Epochs were tirageraged by stimulus type so that ERPs for correctly and
incorrectlyidentified stimuli in each condition of eachtask (e r r ect A go0 respo
correct ANOGOO responses anGb/NoGotask)cauldlmet A No Go
generated for each individual. Only ERPs for
were included in the subsequent analysis. There were 240 trials in the main block of the task,
60 of which were ANoGoo trials. Thf@grand an nun

averaging per subject was 51.92 (average of 13.5% rejected trials)epftding incorrect
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trials (5%) and those containing artefacts (8.5%). Grand averages were made for each group

(ecstasy user, polydrug user and drug napve)

correct ANOGOO r espons eslédfined 86 the meanamplitude| P3
between 352 and 452ms. This time window was centred on the positive peak latency and the
duration was chosen due to this epoch containing the majority of positive activity for all
conditions by observmtopographic maps (8d-igure 6.1 Midline electrode activity was
obtained in this epoch from electrodes Fz, FCz, Cz, CPz and Pz, as much of the activity could
be observed in these sites as well as these midline electrodes being commonly used for this
task in the literatureJonkman 2006; Katet al.,2009. In addition further components were
analysed for between group differences, including the N2 andiR@anents. The Naf

subjects in response to the inhibitory condition, was defined as the mean amplitude between
260 and 330ms, this epoch was based around the mean local negative peak at midline sites
and encompassed the majority of negatetivityfor all conditions The P2 epoch was

obtained from using a small, 50ms epoch (260ms) based around the positive peak from

the grand averages of all conditions, directly preceding the N2.
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Figure 6.1 Topographies at midpoints for each component (P2, N2 anfbPtBe Go/NoGo
task

0 HHpYa

c Pp&E

-cdpc

Fig. 6.1: Depicts grand averagepographies for theentral point of eeh componentNote that this is from
grand aveages of each group combin&® positivity (red)s clustere around the midline electrodés). N2
negativity (blue) is greatest anterior midline electrodg®). P3 positivityhas a wide spreaaf activity peaking
at central electrodds).

NumberLetter: EEG was segmented into epochs fr&00 to DO0ms from time of

stimulus onset. Epochs were tirageraged by stimulus type so that ERPs for correctly and

incorrectly identified stimuli i n each condi
Anesmwitchesdo and i ncowswidathedWwi tcaohud 10 baen d efmrec
individual. Only ERPs for correct responses
subsequent analysis. There were 124 Aswitchbo

number of good dongrancdcaketagirgper subject wase96.3v i(ameeage

22.28% rejected trials), after rejecting incorrect trials (4.48%) and those containing artefacts
(17.8%). Grand averages were made for each grouping condition (ecstasy user, polydrug user
anddrugnaive) n each task condition -Qwiotraleedo)i.s wl e
overall P3 response was defined as the mean amplitude between 290 rasd®@indow

was centred on the positive peak latency and the duration was chosen as this epoch contained
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the majority of positive activity for all conditionSee Figure 6)2 Electrode activity was

analysed irthis epoch from parietoccipitaland occipital electrodes POz, PO3, PO4, PO7,

PO8, Oz, O1 and O2, as the greatest amount of activity in the P3 cembjgonld be

observed at these sites. Further components were also analysed for between group differences,
including the N2 and P2 components. The N2 component appeared to be langest ove

occipital and parietoccipitalsites P7, P8, POz, PO3, PO4, PO738P0z, O1, and O2,

between 17€220ms, this epoch was based around the mean local negative peak at these sites
and encompassed the majority of negative activity over all 3 conditions. The P2 epoch was
most visible as a positive peak between-280ms at fratal, frontecentral and central sites

Fz, FCZ, FC1, FC2, FC3, FC4 and Cz. The mean amplitudes at these sites from the epoch

based around the positive peak from the grand averages of all conditions were analysed.

Figure 6.2 Numbetkletter taskapographiest midpoints for each component (P2, N2 and

P3).

a) P2 225 b) N2 195 c) P3 350

S v

5 4d PV

Fig. 6.2 Grand averagedpographies from the central point of each compodarihg the numbeletter task
Positivity (red) in the P2 component in frortentral electrodesan be observed (a). NZ2ativiy (in blue)
can be observeaver occipifal and parietaccipitalsites (b). P3 positivity is greatest owwrcipital and parieto
occipital sites(c).

136



Semantic AssociatioEEG was segmented into epochs fré&f0 to 1000ms from
time of stimulus onset. Epochs were thaneeraged by stimulus type so that ERPs for
correctly and incorrectly identified stimuli in each condition of eachtesk ( cor r ect A hi
associationsodo and incorrect Ahigh associatio
Al ow associationso) could be generated for e
were included in the subsequent analysis. There were 120 trialalirthietmean number of
good trials retained for grand averaging per subject was 109.66 (average of 8.6% rejected
trials), after rejecting incorrect trials (6.1%) and those containing artefacts (&%80y
averages were made for bagroupon eachcondin ( correct f@Ahigh assoc
Al ow associationso). The overall P3 response
and 350ms, for the low association condition and250ms for the high association
condition. These time windows were cextion the positive peak latency and the duration
was chosen due to this epoch containing the majority of positive activity for all conditions by
observing topographic maps (See Fig@ss& 6.4). Electrode activity was analysedthis
epoch from parietoccipitd and occipital electrodes PO7, PO3, O1, OZ, POZ, PO4, PO8 and
02, as the greatest amount of activity in the P3 component could be observed at these sites.
Further components were also analysed for between group differences, including the N2 and
P2 componets. The N2 component watso largest over parietaccipitaland occipital
electrodes (PO7, PO3, 01, Oz, POZ, , PO4, PO8 and O2) , betwed8Qr28 in the low
association condition and 1-2200ms in the high association condition, again epochs were
basedaround the mean local negative peak at these sites and encompassed the majority of
negative activity over all 3 groups. The P2 component was most visible as a positive peak
between 170 and 230ms (for both low and high association) at anterior and niie$ir{€ 3,
FCZ, FC1, FC2, CZ, C1 and C2) the mean amplitudes at these sites from the epochs based

around the peaks from the grand averages of all conditions were analysed.

137



Figure 6.3 Semantic association taskpbgraphies at midpoints for each componet {2
and P3) in the high association condition.

o264 v

564 Y

Fig. 6.3 Grand averaged topographies éentral poins of each componermturing high association trials. P2
positivity is greatesat midline/anteor electrodes (a N2 negativity is greatest wccipitaland parieteoccipital
electrodes (b)Positivity in the P3 component is greatasbundoccipitaland parieteoccipitalelectrodegc).
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Figure 6.4 Semantic associationgographies anidpoints for each component (P2, N2 and
P3) in the low association condition.

SE0py

S3ED Y

Fig. 6.4 Grand averaged topographies éentral poins of each componemuring lowassociation trials?2is
greatesat midline/anteior electrodes (g N2 negativity is greatestroundoccipitaland parieteoccipital
electrods (b). Positivity in the P3 component that is greatest avagipital and parietoccipitalelectrodean
be observed (c)

N-back: EEG wassegmented into epochs fro#00 to 1000ms from time of probe
onset. Epochs were tirsveraged by stimulus type so that ERPs for correctly and incorrectly
identified stimul. in each condition of =each
andcorect AN = 40 responses and incorrect AN =
begenerated for each individu@nly ERPs for correct responses were included in the
subsequent analysiEhere were 195 trials in total, the mean number of good triamest
for grandaveraging per subject was 114.97 (average of 44 @$ected trials), afteejecting
incorrect trials (35.1%) and those containiraytefacts (5.8%). Grand averages were made
foreachgroupon each task condiiNt i=on2do(ich r=x eLlthe d@Np c=n D
overall P3 response was defined as the magplitade between 280 and 400ri#is time

window was centred on the positive peak latency and the duration was chosen due to this
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epoch containing the majority of positive activity &l conditions by observatopographic
maps(See Figure &). Posterior electrode activity was obtained in this epoch from electrodes
P7, P5, PO7, PO3, O1, OZ, POZ, PO4, 02, POS8, P8, P6, as much of the actlgityecou
observed in these siteBhe N2 was defined as the mean amplitude between 140 and 230ms,
this epoch was based around the mean local negative peak at posterior sites (P6, P8 & PO8)
and encompassed the majority of negasievity over all 3 conditionsThe P2 epoch was
obtained fom using a small, 50ms epoch (2280ms) based around the positive peak from

the grand averages of all conditions, here midline and anterior electrodes were used for

analysis (F1, F3,€1, Fz, F2, F4, FC2, FCz & C2).

Figure 65: N-back topographies at midimts for each component (P2, N2 and P3) in the n=2
condition.

a) P2 225ms b) N2 185ms c) P3 340ms

543 v

-S43 v

Fig. 65: Grand averaged topographies ¢entral poing of each componemturing n=2 trialsP2is greatest at
antaior electrodes (e N2 negativity is greatestround occipital and parietaccipitalelectrods (b). Positivity
in the P3 componeris greatest ovenccipital and pariet@ccipital electrodegc).
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Urinary Analysis

Frozen urine samples were delivered to University Hospitatrée (NHS) and were
analysed usingolid Phase Extraction (Mixed Mode Phase) followed by Reverse Phase
HPLC MS/MS detection using BOTH PositiveNegative lon Multiple Reaction Monitoring
(MRM). Urine Specimens were been tested for the Synthetic CannabinoidsqQI8yBWH
073, JWH250, JWH398, JWH122, JWHO019, AM-694, WIN 48098 & WIN552122), as
well as the o6desi gnkKRDMA odr wWoVe t hW@BDBoedr, o rhe&kd, b
60But yl #MM&A, ob k 6 Me thdnryipecarine, 6 FMPP, mCPP and MDPV. In
addition they were tested for wketoe a series
Amphetamines, a series of 11 Methcathinone compourésicfoametamine, Bupropion
& the Hallucinogenic ASkPét ami daBgionl e€adm@ hBX. @ .0
andD.O.l.andd Tr adi ti onal 6 Drugs of Abuse: Amphet an
& M.D.E.A., Barbiturates, Benzodiazepines, THC & Cannabinoidgr&norphine, Cocaine
& metabolites, Methadone & metabolites, Opiates & Opioids (Morphine, Codeine,
Dihydrocodeine, Tramadol-Eropoxyphene, Oxymorphone & Oxycodone), LSD, G.H.B.

(and the Lactone Precursor), Psiloeylfetamine and Methaqualane
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6.4 Results
Socicdemographic information about the participants, anxiety, depression and
arousal scores from the mood scale and sleep measures are shown 61T aidéces of

other drug and alcohol use are displayed in Tél@e

Table6.11 Indices sleep quality, fluid intelligence and sedemographic variables

Ecstasy Polydrug Drug naive
users controls controls

Males: n (%) 10 (50) 9 (45) 7 (35)
Age (SD) 23.94(2.50) 22.58(3.45) 23.10(2.94)
University degreen 14 (70) 12 (60) 11 (55)
(%)
Employment status
Student; n, (%) 12 (60) 14 (70) 17 (85)
Employed; n (%) 4 (20) 4 (20) 3 (15)
Unemployed; n (%) 4 (20) 2 (10) 0 (0)

Mean (SD) Mean (SD) Mean (SD)
Ravens Progressive 48.68(5.96) 48.35(5.83) 51.35(5.01)
Matrices (maximum
60)
Sleepi Hours/night ~ 7.13(1.91) 7.8(1.39) 7.05(1.16)
ESS Score 6.5 (3.3) 6.7(3.15) 6.5(3.32)
(maximum 24)
KSSbefore 5.05(1.93) 3.75(1.48) 4.79(1.23)
KSS after 6.53(2.03) 5.85(1.53) 6.56(1.46)
MEQ total 42.10(10.15) 45.70(9.40) 47.90(8.30)
UMACL anxiety 11.4(4.08) 12.44(2.18) 11.75(2.12)
UMACL depression 13.1(3.91) 12.61 (2.40) 12.1(3.14)
UMACL arousal 19.7(4.54) 20.5(3.68) 20.1(3.02)

*Indicates a significant difference from polydrug controls at theléd®l, and ** at the .01 level;

VAYRAOIGS4a |+ aA3YATFAON Y
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Table6.2: Indices of other drugse

Ecstasy wsers Polydrug Drug naive
controls controls

Mean (SD) n Mean (SD) n Mean (SD) n
Cannabis
Frequency 2.67(3.24) 12 0.95(1.9) 13 - -
(times/wk
Last 30 32.77(53.75) 15 6.09(15.34) 17 - -
days
(joints)
Total use 5057.88 16 1091.71 19 - -
(joints) (7504.30) (2531.65)
Cocaine
Frequency 0.15(0.14) 11 0.27(0.34) 2 - -
(times/wik
Last 30 0.4(1.12) 15 1.60(3.58) 5 - -
days
(lines)
Totaluse 813.97(1940.19) 16 107.30(208.43) 5 - -
(lines)
Ketamine
Frequency 0.26(0.42) 5 0.02(-) 1 - -
(times/wk
Last 30 1(2.65) 9 - - - -
days use
(grams)
Total use 31.26(70.61) 11 1.13(1.62) 3 - -
(grams)
Alcohol 15.33(15.29) 20 10.53(8.37) 20 9.93(11.58) 20
units p/w

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
RAFFSNBYOS FTNRY R
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One way ANOVAs revealed that there weto significant between group differences
on measures such as age, average hours sleep per night, total score on the Epworth Sleepiness
Scale, MorningnesBveningnessjuestionnaire total score, pdsst Karolinska Sleepiness
Scale, levels of arsal, depession and anxietyptal scoe on Ravens SPMIr average
weekly alcohol consumptiotdowever there were betere group differences in the pre
testing Karolinska Sleepiness Scale (i.e. how sleepy the participants felt before the test
battery)F(2,58)=3.78,p<.05, planned comparisostdsts revealed that the ecstasy user group
felt significantly more sleepy prior to testing than the polydrug control gi(@8)=2.39,

p<.05, but rot the drug naive control growf37)=0.50,p>.05.

t-tests between the ecstasser goup and polydrug controlevealed that the ecstas
user group had larger lifetime total of cannabis joints smoked (50528&%04.30than the
nonrecstasy drug use($091.71 + 2531.65}hat is approaching significant@7.88)=2.02,
p=.06(Leven e 6s t est was si gni favedeen adjuded acdoedipglye e s o f
The ecstasy use had also smokeadore joints within the last 30 days (32.77 + 53.75
compared to 6.09 + 15.34hd this difference was approaching significat(t6.01)=1.86,
p=.08. There were however no differences between these two groups on other drug intake
variablesHowever as can be seen froable6.2, the ecstasy user group can be described as

polydrug users.
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Urinary analysis

The following metabolites were foundi par ti ci pantso uri ne.

Table6.3: Amounts of various drug metabolites found in urine samples (mg/L)

THC & 11- 1- TFMPP
THC hydroxy- Benzylpiperazine
&-THC

Ecstasy N 3 3 3 1 1
users

Mean 0.0083 0.16 0.003 0.84 0.18

SD 0.01185 0.18286 0.00346 - -
Polydrug N 1 1 1 - -
controls

Mean 0.001 0.41 0.0020 - -

sD - - - - -

As participants were asked to remain abstinent before attending the lab, relatively low
levels of drug metabiés were found. As such, weran all main analyses excluding the
participants who had metabolites in their urine. This did not affect the significant and non

significant results so the analyses reported below contain all participants.

Behavioural Data Analysis

All behavioural datavas analysed using SPSS (lidrorrect answers in eh case
were given a score of Therefore an error count could berfprmed. Furthermore these
trials were not included in reaction time analySigan reaction times were calculated for
correct respores only Reaction time data reduction involved excluding reaction times less
than 200ms and greater than 5000ms as these reaction times represenitpre
responding and a loss of concentration respectilrediyvidual trial reaction times that were

more than 3 standard deviations above the individual mean were discarded.
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The Go/NoGo tasiReaction time was not appropriatene asur e f or corr ec

responses. Univariate Analysis of Variance (ANOVA) revealed that there was no significant
difference between groups in performance on thisk&3}67)=1.15,p>.05. The mean

ANoGooOo errors (i .e. r enXphatmeduiredgo résponsa/anl et t er
inhibition of response) were used as the meastiperformance in this casegtasyusers:

2.7+ 1.95, polydrug contral8.4 + 2.80, drug naive: 4.35 + 4.92).

Post task NASA TLX scores were analysed using a MANOVA. Tidvisaled no
overall between group differences in task 16&t2,102)9.52,p>.05 nor any between group
differences on the individual stdzalegMental demandi(2,55)=0.15,p>.05, Physical
demand§(2,55)=0.71,p>.05, Temporal demanéj2,55)=1.11,p>.05, Effort; F(2,55)=0.09,

p>.05, Performancd;(2,55)0.45,p>.05, FrustrationF(2,55) .01,p>.05).

Nunmber-Letter task Mean reaction times were calculated for correct switch trials as
well as correct noiswitch trials so that awitch cost could bealculated The mean
percentage of outliers that were discarded from each group were: ecstasy users 1.27 (x0.73
(rank = 24.58), polydrug controis64 (+ 0.77) (rank = 33.75), drug naive 6.56 (£22.0) (rank
=33.18),L e v e test Was violated so andependent samples Kruskalallis test was
conductedthere were no between group differences in amount of outliers (H(2) = 3.53,
p>.05).Switch cost was calculated by subtragtthe mean reaction time from two
preliminary blocks with no switching (aktters, followed by all numbers) from the mean
reaction time from the switch trials (from letters to numbers) in the main blocks of the task.
One participant in the drug naive group had an incomplete dataset for this task and was
excluded from analysis. ABIVA revealed that there was no significant difference between
groups on switch co$t(2,56)=0.41,p>.05 (ecstasy users: 303.56 + 194.15, polydrug controls:

331.44 + 229.47, drug naive controls: 274.09 + 158.27).
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Post task NASA TLX scores were analysed gsirMultivariate Analysis of Variance
MANOVA. This revealed no overall between group differences in taskA¢E21100)=1.62,
p>. 05 for Pillaids trace, nor any-scalest ween
(Mental demandi(2,54)=2.21,p>.05, Physical deman&(2,54)=2.07 p>.05, Temporal
demandf(2,54)=2.41p>.05, Effort;F(2,54)=1.58 p>.05, FrustrationfF(2,54)=0.37 p>.05
with the exception of performané€2,54)=2.99,p=.06 (approaching significance), multiple
comparisns revealedhat polydrug controlthought they had performed significantly better

than ecstasy useps.05.

Semantic Association Taskhe mean percentage of outliers that were discarded from
each group were; ecstasyeus 1.46 (+0.66), polydrug contrds42 (+ 1.05)drug naive
controls1.71 (x0.92), there were no between group differences in amount of oktliers
(2,57)70.63,p>.05. Performance on the semantic retrieval task was measured both in terms
of number of errors made (incorrect responses) and reactiorMined ANOVA on error
countrevealed naignificant effect of difficultyF(1,57)=0.04,p>.05, no main effect of
groupF(2,57)=1.56,p>.05 and no group by difficulty interactid#(2,57)=0.01,p>.05.

Similarly using reaction time as the dependent variable no significant between group
differences were observéd2,57)=0.07 p>.05. Difficulty and group by ifficulty

interactions were nesignificantp>.05 in both cases (Tabt4).
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Tablke 6.4: Performance ata (means and SDs of error count and reaction times) for all
participants in both conditiorsf the semantic association task

Ecstasy users Polydrug controls Drug naive ontrols
Mean (SD) Mean (SD) Mean (SD)
High
association 4.00(2.34) 4.60(2.78) 5.25(2.77)
errors
Low
association 4.10(2.57) 4.60(2.09) 5.35(2.92)
errors
High
association 1282.26(255.91) 1294.43(354.77) 1209.39(230.89)
RT (ms)
Low
association 1265.14(250.85) 1294.21308.44) 1180.39(198.60)
RT (ms)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant tdieff @benee eflr amdd

Post task NASA TLX scores were analysed using a multivariate analysis of variance

MANOVA. This revealed no overall between group differences in perceived deémand
(12,104)9.94,p>. 05 f or ,Rardny leteengroup diffeereces on the indivitlua
subscales of theiperception of subjective workload (Mental demar®,56)=1.06,p>.05,
Physical demand(2,56)=0.10,p>.05, Temporal deman&(2,56)=1.56,p>.05, Effort;

F(2,56)=0.48,p>.05, Performancds(2,56)=2.62,p>.05, Frustrationt(2,56)=0.77,p>.05).

N-back taskThe mean percentage of outliers that were discarded from each group
were; ecstasy usets18(+0.71), polydug users 6.5422.01), drug naive controls 6.12

(x22.11) there were no between group differences in amount of oull{@rs7)=0.55 p>.05.
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A mixed analysis of variance (ANOVA) was conducted on both the mean reaction
times and number of errors on thdack task, with between subjects factor of user group (3
levels) and within subject factor of difficulty (ranging from low difficulty; n=0, to medium
difficulty; n=2 and high difficulty; n=4)The error count yielded a significant effect of
difficulty (3 levels)F(2,110)=3.27 p<0.05 but no significant main effect of group

F(2,55)=1.35 p>0.05 and no group by difficulty interactiéi{4,110)=0.30Q p>.05.

Mixed ANOVA on the mean reaction times revealed a significant effect of difficulty
F(2,110)=16.92p<0.001 and also a main effect groupF(2,55)=3.80 p<0.05.There was,

however no group by difficulty interactidf(4,110)=0.22 p>.05.

To explore the main effect of group further, univariate ANOVAs were conducted on
each difficulty level for mean reaction tinféignificant between group differences in reaction
time were observed at n¥{j2,55)=318, p<0.05, n=2F(2,55)=4.50 p<0.05and n=4
F(2,55)=4.50 p<0.05 Planned comparisomsvealed that drug naive participants took

significantly longer to respond th@olydrug users at each levek(05 in each case), there

were no significant differences between ecstasy users and the two control groups in reaction

time at any level of the task (talfeb).
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Table 65: Performance ata (means and SDs of ermmunt and reaction times) on thdvack

task
Ecstasy sers Polydrug controls Drug naive ontrols
Mean (SD) Mean (SD) Mean (SD)
N=Oerrors 21.90 (15.21) 15.68 (8.21) 17.11 (10.75)
N=2errors 21.80 (16.11) 15.37 (9.26) 17.89 (12.15)
N=4 errors 22.65 (14.67) 16.95 (8.87) 18.63 (10.54)
N=0RT 2895.12(699.09) 2894 . 72 ( (3387.54(698.82)
(ms)
N=2 RT 275559 (607.23) 26 70. 61 ( :3205.60 (543.65)
(ms)
N=4 RT 2754.19 (651.71) 2674 . 15 ( (3162.48(666.97)
(ms)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level,

A indicates a

significant
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Effort; F(2, 56) = 0.48p>.05, Performancd;(2, 56) = 2.62p>.05, FrustrationfF(2, 56) =

0.77,p>.05).
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ERP analysis

Go/NoGo:Mean amplitudes for each conditiondaglectrode are given in Talies.
Due to some unusable EEG data, 1 participant is excluded from statistical analysis on the
EEG data, from the drug naive groums-19).

Table6.6: Mean amplitudeguvolts) across components, for each electrode measured

(Go/NoGo)

User group CPz Cz FCz Fz Pz
P2
Ecstasy sers 2.17 (1.82) 1.94(2.69 2.08 (2.15FA 1.43 (2.1%* 1.45 (1.84)
Polydrug ontrols 1.3 (1.28) 1.16 (1.9) 0.29 (2.22) 0.40 (1.94) 1.43(1.92
Drug naivecontrols 1.49 (3.24) 0.84 (2.1) -0.14 (2.12) -.30 (1.79) 1.64 (2.51)
N2
Ecstasy gers 1.38 (2.43) -0.58 (3.60 -1.92 (3.27) -2.00 (2.14 2.66 (1.72)
Polydrug ontrols 0.78 (2.67) -0.82 (2.95) -3.21 (3.33) -2.87 (2.96) 2.16 (2.61)
Drug naive ontrols 0.41 (3.50) -1.42 (4.37) -3.44 (4.33) -3.12 (3.20) 2.16 (2.43)
P3
Ecstasy sers 4.94 (2.15) 5.04 (2.82) 4.06 (2.22) 1.05 (1.74) 4.29 (1.95
Polydrug ontrols 4.07 (2.84) 4.56 (4.20) 2.91 (3.93) 0.49 (3.06) 3.79 (2.50)
Drug naive ontrols 4.76 (2.65) 5.12 (2.77) 3.59(3.23) 0.93 (3.12) 4.35 (2.10)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level,
A indicates a significant difference.0fflevam d

Mixed ANOVA® of mean amplitudes at compamt P3 (352452ms) revealed a
significant maireffect of electrode site(2.55, 143.03)38.01,p<.01. However, the electrode
by user group inteiion was nossignificantF(5.11, 143.03)6.11,p>.05. There was no

main effect of group-(2,56)=0.61,p>.05. As such this congment is not discussed further.

At the N2 componen60 330ms) mixed ANOVA revealed a significant main
effect of electrode sitE(2.28, 127.64)59.92,p<.01. However there wasmsignificant
electrode by group interactidf(4.56, 127.64)6.25,p>.05. There was no main effect of

group in this componei(2,56)=0.86,p>.05.

'Ly tff YAESR !'bh+x! da 0F2NI St SOGNRRS REGE Ay [/ KILGSNI ¢
freedom are reported in line with the Greenhouse Geisser statistic.
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Mixed ANOVA on the mean amplitudes measured for the P2 comp@@iit250ms)
revealed a significant main effect of electrode B{{224, 125.50)3.56,p<.05. The electrode
by groupinteractionwas nonrsignificantF(4.48, 125.50)%.41,p>.05. However there was a
significant main effect of group(2,56)=3.27,p<.05.To explore thieffect further, a series
of univariate ANOVAs were conducted at each electrode site. Significant group differences
were observed a&lectrode FCE(2,56)=5.81p<0.01and also electrode FA2,56)=3.84,
p<0.05 Posth o ¢ T u k e y 0 sthatthee gdstasy weserehsignificantlygreater mean
amplitudes thadrug naive controls at electrode site pg(.05. Furthermorghe ecstasy
users showed significantly greater amplitude thalydrug controlsand drug naive controls
at electrode FC2k.05 in both cas@sThe grand averageavdormsfor each group (users,
polydrug nonusers ardtug naive controls) for the electrodes showing significant differences

can be observed Figure6.6.

152



Figure 6.6 Grand average waveforms for the 3 groups acrestredesFCz and Fz.(correct trials ono®oGo task)
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Fig. 6.6 Depicts the wavefons from FCz and Ffnegative plotted up)rhetime course of the various components can be obsémtbdgrand averaged data from each
user groupThe significant differences between ecstasgrs andirug naive controls in the P2 component can be obsénfedfrom the epoch of 20@50ms (ecstasy users
shown in blue, polydrug controla purple and drug naive controls in red). Also the magnitude and time course of the significant diffarere@samjitude in the P2
component between ecstasy users and both other contoplsgiem be observed in FCz.
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Given the heavy use of cannabis in the ecstasy user group in particutglemul
regression analysesewe conducted othedata, to observe whether level use of ecstasy (after
controlling for camabis use) was a predictor of amplitude at the electrodes Fz and FCz. In the
first regression, amplitude at Fz was entered as the dependent variable; in the first step
indices ofcannabis use were entered as predictors (frequency of use, total lifetime dose,
amount smoked in the last 30 days) and in the second step, the saree afidicstasy use
were entered as predictoihe overall rgresion model accounted far nonsignificant 9.5%
(R2=0.1Q R2adjusted=-0.01, F(6,52)=091, p>0.05) of the vaance in Fz amplitude.

Cannabis use indices (stepdi§l not predict a significant amount of variance in Fz amplitude
(R2=0.04 R2adjusted=-0.01, F(3,55)=0.83p>0.05). Withnone of the three cannabis use

variables predicting Fz amplitude;r e q u e n ¢ y0.70, p>0.Q6} tetal (ifddime dose
(bHMp>0. 05) and amount s meOkKZp0.05)Thetetsasylisast 30
indices (step 2) did not predict a signifit@mount of variance in Fz amplitude, after

controlling for cannabis use indicd®3{change=0.5, F-change(3,52)=100, p>.05).
Frequency-00p>00x5leagth=30 d4p-0.0bxme lif¢time-ddse

( b 81 p>0.05)were not significant predictors.

In the second regression, amplitude at FCz was entered as the dependalet aadia
predictors entered as above. The overalleggion model accounted fb4.2%(non
significant)(R?= 0.14 R?adjusted= 0.04 F(6,52)=1.43 p>0.05) of the variance inGz
amplitude. @nnabis use indices (stepdidl not predict a significant amount of variance in
FCz amplitudeR?= 0.06 R?adjusted= -0.01, F(3,55)=1.09p>0.05).None of the three
cannabis use variables predicted FCz amplittdes qu e ncy o0,f[p>00%,¢otall b =0. 6 0
i feti m&25peB8eObp=and amount s meOkep0.05)n t he | a
The ecstasy use indices (step 2) did not predict a sigmifasaount of variance inGz

amplitude, after controlling for cannabis use indi¢e3change=0.9, F-change(3,52)=172,

154



p>.05 . Fr e q u e 6 p>0.@bfandlifstime dos€ b H4)p>0.05)were not
significant predictors. However last 30 days use was a significant predictor of amplitude

( b 42)p<0.05), with greater use associated with increased amplitude.

NumberLetter: Mean amplitudes for each condition and electrode are given in Table
6.7. Due to some participants not completing the task and some unusable EEG data 6
participants are excluded from statistical analysis on the EEG data, 4 from the drug naive

group (n=16) and 2 from the ecstasy user group (n=18).
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Table6.7: Mean amplitudeguvolts) across components, for each electrode measlungag
the numbetetter task

P3

PO7 PO3 0o1 Oz POz PO8 PO4 02
Ecstasy 1.25 2.59 0.68 0.40 2.67 1.63 2.24 0.37
users (2.13) (1.63) (1.84A (1.52) (2.37A (2.58)  (1.70) (1.76)
Polydrug 1.94 2.57 0.71 0.27 2.27 0.92 1.94 0.32
controls (2.05) (1.54) (190A (1.7 (0. 9.(3.11) (L77A (2.82)
Drug 2.03 3.56 2.37 1.66 4.50 1.56 3.61 1.93
naive (2.20) (2.61) (2.41) (2.33) (3.26) (3.49) (2.75) (2.72)
controls

N2

P7 P8

Ecstasy -2.56 -0.90 -1.58 -0.15 0.45 -0.66 -0.06 -0.48 -2.81 -1.36
users (0.61) (0.46) (0.53) (0.48) (0.60) (0.78) (0.60) (0.60) (0.46) (0.63)
Polydrug -2.08 -0.70 -1.17 0.47 0.81 -1.44 0.12 0.39 -1.88 -0.87
controls (0.57) (0.44) (0.50) (0.45) (0.57) (0.74) (0.57) (0.57) (0.44) (0.60)
Drug -0.60 0.05 0.20 0.70 1.09 -0.45 0.57 0.56 -0.66 -0.13
naive (0.64) (0.50) (0.56) (0.51) (0.64) (0.82) (0.64) (0.63) (0.49) (0.67)
controls

P2

FC3 FC1 Fz FC4 FC2 FCz Cz
Ecstasy -0.18 1.07 154  1.66 1.57 210 178
users (4.22) (1.38) (1.63¢A (1.33) (1.24) (L.45%A (1.24yA
Polydrug 0.95 0.65 0.37 1.61 1.10 0.64 0.45
controls (1.18) (1.34) (1.84) (1.64) (1.69) (1.43) (2.34)
Drug 0.96 0.74 0.28 0.88 0.59 0.59 0.47
naive (2.30) (1.86) (1.12) (1.53) (1.29) (1.71) (1.63)
controls

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant difference from d

Mixed ANOVA of mean amplitudes at component P3 (2800ms) revealed a
significant main effect of electrode sk¢4.04, 206.02)%5.78 p<.01, though the electrode
by user group inteiion was nossignificantF(8.08 206.02)6€.99,p>.05. There was
however a significant main effect of groEf2,51)=3.35,p<.05. To further explore this

difference, a series of orveay ANOVAs were conducted. This yielded significant effect of
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group at electrode OHA(2,51)=3.80,p<.05, with posthoc testsndicating thaboth drug

using groups had significantlydiminished mean amplitude compareditag naive
participants §p<.05), the two drug user grosidid not differ fromeach other@>.05). There
were also significant differences at electrode F(251)=.56,p<.05, and again, pos$ioc
analysis showetthat both drug groups hadynificantlylower mean amplitude thairug
naive participantgp&.05). The two drug user groups did not differ from each otpreI05).
Significant differencesvere also gparentat PO4F(2,51)=3.11,p<.05, with posthoc tests
indicatingthatpolydrugusers had significantly lower mean amplitude tdeugnaive
participants [f<.05). Differences at electrode Oz were approaching BagmceF(2,51)=2.88,
p=.07. Psthoc analysis showed that polydrug udsad significantly lower mean amplitude
than drug naive contro(p<.05).The grand average waveforries eachgroup (users,
polydrug controlanddrug naive controls), for the electrodes showing significant differences

in the P3 component can be obserireBigure6.7.
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Figure 6.7 Grand average waveforms for the 3 groups aciestredes: O1, Oz, POz and PO4 (corseitches)

o1 Oz POz PO4
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Fig. 6.7 Depicts the waveforms from electrodes that showed significant group differences in the P3 corfjgstesyt.users are displayed in blpglydrug users are
displayed in blacland drug naive controls agésplayed in lilac These waveforms are from grand averaged data from each user group. The significant differtsvesn

drugnaive controls and both drug user groogs be seen in @hd POZ290-400m3. Differences betweepolydrug users and drug naive participags be sen in Ozand
POA4.
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Regression analysesane conducted on the foalectrodes showing differencdse
observe whether level use of ecstasy (after controlling faratas use) was predictor @
amplitude at the electrodes (AOz PO4and Oz In the frst regression, amplitude at @As
entered as the dependent variable; in the first step indices of cannabis use were entered as
predictors (frequency of use, total lifetime dose, ameuoroked in the last 30 days) and in
the second step, the same a&di of ecstasy use were entered as predidtbesoverall
regresion model accounted farsignifican24.4%(R?= 0.24 R?adjusted= 0.15
F(6,47)=2.53p<0.09 of the variance in Oamplitude. However, cannabis use indi¢gsp
1) did not predict a significant amount of the varianc®inamplitude R?2= 0.1Q R?adjusted
= 0.04 F(3,50)=1.80p>0.05) Cannabis use variables;r e q u e n ¢ y0.78,p>0.06 e ( b =
andamount smoked i n tpgr@05)didrsotpreddd Oldmpfitade,( b=1. 11,
howevert ot al I i f €.41,pr0e0l) avas & significant predictdgreater use =
lower amplitude) The ecstasy use indices (step 2) predicted a significant amowariaxice
in O1 amplitude, after controlling for cannabis use indie&&ange=A.47, F-change
(3,47)=3.05p<.05. Specifically lifetime ecstasy doseasasigi f i cant predictor
p<.01) with greater estasyuse feing associated with increasachplitude However
frequency of usé¢ b ) p>0.05)and last 30 day uge b = 0p>@0B) were not significant

predictors.

A second regression was conducted with amplitude atdp@zed as the dependent
variable.The overall rgresion model acountedfor a nonsignificant6% (R2= 0.06 R?
adjusted=-0.06 F(6,47)=4.96p>0.05)of the variance in POamplitude. @nnabis use
indices (step 1) did not predict a significant amount of the variane®ramplitude R?=
0.05, Rzadjusted=-0.01, F(3,50)=0.92 p>0.05); none of the three cannabis use variables
predictedPOzamplitude;f r e qu e nc y0.1§ p> 0u s0e5 )(,bt ot al042 i f et i me

p>0. 05) and amount s moO.41eg=0.05).Mhetedstagysk iadscés 3 0 day
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(step 2) did not predt signficant amount of variance in PQanplitude, after controlling for
cannabis use indiceR gchange=@1, F-change(3,47)0.12 p>.05). None of the ecstasy use
variables predicteBOz amplitudefrequency of usé¢ b 98)p>0.05) total lifetime dose

(b=0p>@0B)and | ast 3008 p;aE5). use (b=

Amplitude at PO4vas entered as the dependent variabtee third regressiomhe
overall rggresion model accounted farnonsignificant7.7% R2= 0.08 R2adjusted= -0.04,
F(6,47)=0.65p>0.05) of the variance in PO4 amplitude. Cannabis use indices (step 1) did
not predict a significant amount of the variance in PO4 amplite@e (.06 R2adjusted=
0.01, F(3,50)=1.09p>0.05); none of the three maabis use variablesgaictedPO4
amplitude; fr®0pe@cP5pf uetalBEpGFod)tandme dose
amount smoked i n tpgr@05) Tdhe dcsta8ylusedndioes (stdp R)=id nob 3 ,
predict significant amount of variance in PO4 amplitude, afiatrolling for cannabis use
indices R2change=0.02Z--change(3,47)=0.26p>.05). None of the ecstasy use variables
predicted POaA mp |l i t ude; fr e @peh.cOy5)o,f tuocstea H0.DBI=i0f. Dt i me

p>0. 05) and | a0d3 p>@0p). day use (b=

Amplitude at Oavas entered as the dependent variabtee 4th regression.he
steps entered were consistent with the previous regresstomsverall rgresion model
accounted for 20.3%¢= 0.2Q R2adjusted= 0.1Q F(6,47)=1.99p=0.09) of the vaance in
Oz amplitude (approaching significance). Cannabis use indices (step 1) did not predict a
significant amount of the variance in Oz amplituBé= 0.11, R2adjusted= 0.06
F(3,50)=2.11p>0. 05) ; however t0®5m005)lsignficantlyipredicted oi nt s
Oz amplitude(increased dose associated with decreased amplimm amount smoked in
the | ast 30 days app p=0.6a6)(ihceedsedsuseqssociatedovghn c e ( b =

increased amplitudeff r equency of wuse di d -054,p>0.gb)y. Bhdi ct Oz
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ecstasy use indices (step 2) did not predict significant amount of variance in Oz amplitude,

after controlling for cannabis use indic&?¢hange=0.09~-change(3,47)=1.77 p>.05).

Theec st asy use variabl epO0f0dquamdy | @fllus8®d dRay/(
p>0.05) did nopredict Oz amplituddh o wever t ot alO0.46,p=0.G8Ywasne dose |

approaching significance (increased use associated with increased amplitude).

Mixed ANOVA of mean amplitudes at component N2 (42ZD) revealed a
significant main effect of electrod€4.27, 217.82)%2.23,p<.01. The electrode byser
group interactior(8.54 217.82=0.76,p>.05, and the main effect of gro&2,51)=1.83,

p>.05, were however nesignificant so this component is not discussed further.

At component P2 (26@850ms) Mixed ANOVA revealed a nesignificant effect of
electrode(3.30, 168.44)%.60, p>.05, though the electrode bger group interaction was
significart F(6.61, 168.44)2.12,p<.05. The main effect of group was not significant for this
component(2,51)=2.11,p>.05. To further explore the nature of the significant interaction, a
series of one way ANOVAs were used. These yielded significant group differences at
electrode F#(2,51)=3.52,p<.05, with posthoc analysis showing that easyusers had
significantly geater mean amplitude comparedotath other groupgK.05); at electrode FCz
F(2,51)5.66, p<.01, with ecstasy users having significantly greater mean amplitude than
bothother groupsi<.05); and at electrode G£2,51)=3.14,p<.05, with ecstsy users
showing greater amplitude thaoth other groupgk.05). Inspection of Tablé.7 suggests
that for all the electrodes, ecstasy users have higher mean P2 amplitudes than the other two
groups, with the exception of electrode FC3, where the opposite pattern i$lsegnand
average waveformaf each grap, for the electrodes showinggsificant differences in the P2

component can be observiedrigure6.8.
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Figure 6.8 Grand average waveforms for the 3 groups acilestredes: Fz, FCz and CRZcorrect switches)
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Fig. 6.8 Depicts the waveforms from electrodes that showed significant group differences in the P2 corfjostesyt.users are displayed in blpalydrug users are
displayed in blacland drug aive controls are displayed in lilathe significant differences bweten ecstasy users and botimttol groups can be seen in Fz, FCz and Cz
between 20250ms.
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Regression analysesane conducted on the threkectrodes showing differences
observe whether level use of ecstasy (after controllingdaorabis use) was a predictdr o
amplitude at the electrodes Fz, FCz andI@zhe frst regression, amplitude at r&as
entered as the dependent variable; in the first step indices of cannabis use were entered as
predictors (frequency of use, total tifee dose, amount smoked in the last 30 days) and in
the second step, the same a&di of ecstasy use were entered as predidtbesoverall
regresion model accounted farnonsignificant16.5% R?= 0.1 R?adjusted= 0.06
F(6,47)=1.55p>0.05) ofthe variance in Fz amplitude. Cannabis use indices (step 1) did not
predict a significant amount of the variance in Fz amplitude, although this was approaching
significance R?= 0.12 R2adjusted= 0.07, F(3,50)=2.34p=0.09); none of the three cannabis
usevariables predicte z amp |l i t ude; f r 0P, notallifetont doses e ( b = (
(bG&E23,p>0. 05) and amount s meOK®pr0.05)nThe eestasylugest 30
indices (step 2) did not predict significant amount of variance in Fitad® after
controlling for cannabis use indicd®3change=0.04F-change(3,47)=0.79p>.05). None of
the ecstasy use variabl es pr edipeltO®),dotaFz ampl i

l'i feti m&legpB8eObp=and | astp>00PP). day use (b=0.32

FCz was entered as the dependent variable in the second regressionefdiis
regresion model accounted farsignificant22.4% R?= 0.22 R?adjusted= 12.5
F(6,47)=2.26p<0.05) of the variance iIRCzamplitude. Cannabis use indices (step 1)
prediceda significant amount of the varianceR@z amplitude R?= 0.14, R2adjusted=
0.09, F(3,50)=2.80 p<0.05);Howevernone of the thremdividual cannabis use variables
predicted FCz amplitudef r equenc YW4Pppb Ou O&) (bt ot alddd i f et i me
p>0. 05) and amount s medK2pr0.05nThe eostasylusesntlice3 0 day .
(step 2) did not predict significant amount of variance@z amplitude, after controlling for

cannals use indicesK 2change=0.8, F-change(3,47)=1.62 p>.05). Individual ecstasy use
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variablesdid not predicFCza mp | i t ude; fr e §p>®.05}, nd last 30dassye ( b =0
us e (,p=005) Bovever total lifetime dose wap@oaching significance b =0 . 4 6

p=0.08) with increased use being associated with increased amplitude.

In thethird regression Cz was entered as the dependent variabl@véna! reyres
sion model accounted farnonsignificant5% (R2= 0.05 R2adjusted= -0.07, F(6,47)=0.43
p>0.05) of the variance in Cz amplitude. Cansalsie indices (step 1) did not predict
significant amount of the variance in Cz amplituB@< 0.03 Rzadjusted= -0.03
F(3,50)=0.47p>0.05); None of the three individual cannabis use ades pretctedCz
amplitudef r equency opbOu9é&) (btot a8,639pGF08)tandme dose
amount smoked i n0.04p>.05). ahe ecst@&Pusdiradiges (stepb2¥xdid not
predict significant amount of variance in Cz amplituafegr controlling for cannabis use
indices R2change=0.03--change(3,47)=0.42p>.05). None of the ecstasy use variables
predictedCz ampl i tude; f r8epgOlB)h oy adbf | u $ ALG M0 dd s e

p>. 05) . and | at49,p>68.06) day wuse (b=

Semantic Associatioflean amplitudes for each conditiondaglectrode are given in
Table6.8. Due to some unusable EEG data, 1 participant is excluded from statistical analysis

on the EEG data, from the drug naive group (n=19).
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Table6.8: Meanamplitudequvolts) across components, for each electrode meadordie

semantic association task

User group

Ecstasy gers
Polydrugcontrols

Drug raive
controls

Ecstasy gers
Polydrugcontrols

Drug raive
controls

Ecstasy gers
PolydrugControls

Drug raive
controls

Ecstasy gers
Polydrugcontrols

Drug raive
controls

Ecstasy gers
Polydrugcontrols

Drug mive
controls

Ecstasy gess
Polydrugcontrols

Drug raive
controls

PO7 PO3

P3 high association

2.95(4.02)  3.94 (2.42)
412 (2.83) 2.97 (2.57)
3.62(3.19) 3.92(2.39)

P3 low association

3.48 (3.74)  4.60 (2.74)
416(3.29) 3.44(3.16)
432(3.42)  4.40 (2.64)

N2 high association

-1.66 (3.41) -1.32 (3.55)
-2.06 (457) -2. 37
-0.58 (3.11)  0.67 (2.95)

N2 low association

-1.40 (3.55) -0.95 (3.76)
-1.69 (4.69) -1.55 (3.15)
0.01(3.67)  0.65(2.97)

P2 high association

Fz FCz

0.55(2.15)  1.49 (2.04)
1.07(1.98)  1.85(1.54)
-0.10 (2.43)  0.78 (2.43)

P2 low association

0.87 (259)  1.64 (2.39)
051(1.42) 1.72 (1.62)
0.14 (1.90)  0.72 (2.16)

O1

2.76 (3.01)
3.52 (4.60)

2.84 (3.17)

2.32 (3.57)
2.27 (4.40)

3.08 (3.46)

-2.19 (3.53)
-2.41 (4.36)

-0.36 (3.43) 0.09 (3.78)

-2.76 (4.19)
-2.11 (4.47)

-0.33 (4.07)

FC1

1.15 (1.79)
1.28 (1.52)

0.61 (1.45)

1.33 (2.54)
1.49 (2.81)

0.54 (1.98)

Oz

1.60 (3.24)
3.04 (3.40)

2.13 (3.14)

1.79 (2.90)
2.70 (2.85)

2.22 (3.21)

-2.51 (3.45)

-0.59 (4.19)

-1.98 (3.57)
-1.09 (3.43)

-0.99 (3.62)

FC2

0.86 (2.09)
1.05 (1.87)

0.03 (2.75)

0.83 (2.75)
0.98 (1.74)

0.41 (1.79)

POz

4.19(2.34)
3.28 (2.27)

3.42 (2.56)

4.46 (2.40)
3.89 (2.26)

3.93 (2.80)

-0.70 (4.01)
-0.58 (2.42)

1.22 (3.03)

-0.17 (3.62)
-0.28 (2.16)

1.55 (2.91)

Cz

1.91 (1.48)
1.53 (1.73)

0.59 (2.78)

1.55 (1.97)
1.38 (1.77)

0.81 (2.41)

PO8

4.40 (3.23)
5.72 (3.78)

5.35 (3.40)

3.78 (2.92)
5.92 (4.61)

6.07 (3.32)

-1.41 (3.20)
-0.09 (4.11)

1.12 (3.50)

1.56 (
-0.22 (4.02)

1.30 (3.58)

C1

0.89 (2.13)
0.87 (1.87)

0.22 (2.03)

1.06 (1.45)
0.88 (1.99)

0.39 (2.22)

PO4

4.94 (2.99)
4.05 (3.27)

4.00 (2.21)

4.98 (3.33)
4.41 (3.67)

454 (2.69)

-1.04 (3.69)
-0.44 (2.57)

0.82 (3.19)

-1.01 (3.67)
-0.29 (1.91)

0.91 (2.73)

c2

0.77 (1.53)
0.40 (1.64)

-0.22 (2.72)

0.93 (1.40)
0.62 (1.79)

0.54 (1.97)

02

3.31 (3.59)
3.32 (3.32)

3.27 (2.75)

2.97 (3.39)
3.14 (3.90)

3.78 (2.92)

-2.17 (4.12)
-1.15 (3.44)

0.33 (3.51)

2.40 (3
-0.10 (3.71)

0.67 (3.48)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;

A i

ndi cates a

significant

di fference

from d
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A mixed ANOVA, with between subjects factor of group and within subjects factors
of difficulty (high association and low association) and site (PO7, PO3, 01, OZ, POZ, , PO4,
PO8 and O2) on the P3 component revealed no main effect of diffiglfy6)0.71, p>.05,
no difficulty by group interactiof(2,56)=0.60,p>.05, no main effect of site(4.18,
233.99)4.3.97,p>.05, no difficulty by site interactioR(3.42, 191.64)%.56,p>.05 and no
difficulty by site by group interactioR(6.84, 191.64)6.61,p>.05. However there was a
significant site by user group interactib(8.36, 233.99)%.65,p<.05. There were no
significant between group effed®2,56)=0.74,p>.05, so these were not investigated further.
To further explore the site by user group intaoacta series of univariate ANOVAS were run
with group as the between groups variable and amplitude at the various sites as the dependent
variable. This yielded no significant differences between the tirmgs and no significant

posthoc comparisong>.05 in all cases.

A mixed ANOVA, with between subjects factor of group and within subjects factors
of difficulty (high association and low association) and site (PO7, PO3, 01, OZ, POZ, , PO4,
PO8 and 0O2) on the N2 component revealed no main effect wiuttijfF(1,56)=1.05,p>.05,
no difficulty by group interactiof(2,56)=0.04,p>.05, no main effect of site(3.82,
213.92)6.37,p>.05, no site by group interactiéi{7.64, 213.92)%.10,p>.05, no difficulty
by site interactiori(4.78, 267.40)6.81,p>.05 and no difficulty by site by group interaction
F(9.55, 267.40)8.73,p>.05. Between group differences approached significance
F(2,56)=2.78,p=.07. In line with gpriori predictions ando further explore this trend on the
N2 componena series of univéate ANOVAs were conducted hese revealed significant
between group differences at electrode PQBarhigh association conditidf(2,56)=4.68
p<.05, posthoc analysis revealetdt polydrug controlsvere significantly differenfgreater
negativity)to drug naive controls at this electroge.Q1). Significant between group

differences were also observed at electrode QRarow association conditidfi(2,56)=3.45
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p<.05), posthoc analysis revealed that ecstasy users differed signifiq@négtemegativity)
from drug naivecontrols heref<.05). Between group differences were also approaching
significance at PO8 ithe low association conditidi(2,56)=2.89 p=.06, again poshoc
analysis showed that ecstasy users were significantly diffeyesdter negativityjrom drug
naive controls herg€.05). Ecstasy users and polydrug contrdig not differ significantly
from one another at these three sifes@5). In all cases, ecstasy users showed a greater
negativity han drug naive controls &ble6.8). The grand average waveformseaich grap,
for the electrodes showing significant differences in the N2 component can be oliserved

Figures 6.9 and 6.10.
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Figure 6.9 Grand average waveforms for the thogeupsacross electrode P@# the high association condition of #@mmantic association

task.
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Fig. 6.9 Depcts the grand average wavefofan each usermup (ecstasy uselig blue, polydrug users igreen ad drug naive controls in blac& PO3for the high
asseiation condition Sgnificant differences in mean allitpde in the N2componentl0-200ms)betweerpolydrug userand drug naiveantrols can be observed
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Figure 6.10Grand average waveforms filve threegroups across electrodes O2 and P@8&he low association condition of themantic

associatioriask.
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Fig. 6.10: Depicts the grand average waveforms for each user group (ecstasin lbee, polydrug users in green andginaive controls in blackpf O2 and POS8 during
the low associatin condition of the task..ighificant differences in mean afitpde, in the N2component (12090ms) between ecstasy users and drug naive controls can be

obsrved at both electrodes
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Regression analysesane conducted on the threkectrodes showingignificant
differencesto observe whether levese@ of ecstasy (after controlling for ¢ceabis use) was a
predictor & amplitude at the electrodes PO3 (high association), O2 (low association) and
POS8 (low association)n the frst regression, amplitude at PO3 (high associatiay
entered as the depsent variable; in the first step indices of cannabis use were entered as
predictors (frequency of use, total lifetime dose, amount smoked in the last 30 days) and in
the second step, the same a&di of ecstasy use were entered as predidtbesoverall
regresion model accounted farsignificant 24.% (R2= 0.25 R?adjusted= 0.16
F(6,52)=2.88p<0.05) of the variance in PG8nplitude. Cannabis use indices (step 1) did
not predict a signifiant amount of the variance in P@®plitude, although this was
approaching significanc&k¢= 0.12 R2adjusted= 0.08 F(3,55)=2.59p=0.06); lifetime dose
of cannabis signifi can-.13p<0@) (bighercddseadsodted a mp |
with more negative amplitudehoweverf r e gue ncy opk0.06)aned anfolnt= 0. 2 4
smked in the | ap0.058i0nodTheessasyubeIndice? Btep 2)
prediced asignificant amount of ariance in PO&mplitude, after controlling for cannabis
use indicesR 2change=0.13-change(3,52)=2.90 p<.05). Specifically total lifetime dose
predicted POamplitude( b = 0p<®04)(higher dose associated with higher amplitude).
Howeverf r equency opb0.06)and last 3=a0y. 1uls e p>0.05xid noR 2

significantly predict PO3 amplitude

For the second regression amplitude at O2 (low association) was entered as the
dependent variable. Thasrerall reggresion model accounted for a significant 21.9% of the
variance in O2 amplituddré= 0.22 R2adjusted= 0.13 F(6,52)=2.43 p<0.05). Cannabis use
indices (step 1) did not predict a significant amount of the variance in O2 amplitude, although
this was approaching significandg?E€ 0.12 R2adjusted= 0.07, F(3,55)=2.42p=0.08);

lifetimedose® cannabis significan-09lp<0@))withi cted O2
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greater use associated with greater negativityn o wever fr e-@QL @005 of wuse
and amount smoked i np>0tOb)did rotaThe ecsdaby uskanglices ( b=0. 0
(step2) predicted variance @2 amplitudethat was approaching significan@dter

controlling for cannabis use indicd®83change=QA.0, F-change(3,52)=228, p=.09). Total

lifetime dose predicte®2a mp | i t i p<0.@)withQgreater use associatedhwvi

higher amplitudeHowever fr equCl3pyY .Of5)usaend( =284 30 da

p>0.05) did not significantly predict PO3 amplitude.

PO8 was entered as the dependent variable in the third regressiomegidasion
model accounted foronsignificant 6% of the variance in PO8 amplitué £ 0.06 R2
adjusted=-0.05 F(6,52)=0.58 p>0.05). Cannabis use indices (step 1) did not predict a
significant amount of the variance in PO8 amplitude=0.05 R2adjusted=-0.00,
F(3,55)=0.98p>.05); none of théndividual cannabis use variables significantly predicted
PO8 amplitude; 40.03pg0u.eOn5c)y, olfi fuestei nfe3d ose of ¢
p>0.06),and amount s moked -008p>0.0beTh¢ exdasy uSelndickaa y s ( b
(step 2)did not predict aignificant amount of variance PO8amplitude, after controlling
for cannabis use indiceR Echange=@1, F-change(3,52)=0.23 p>.05). None of the
individual ecstasy use variables significantly predicted PO8 amplifudee quency of us

005 p>0.05t ot al | i f ©1%prO0S)dme el § &= 3 05pd0§). use (b

A mixed ANOVA, with between subjects factor of group and within subjects factors
of difficulty (high association and low association) and site (FZ, FCZ, FC1, FC2, CZ, C1 and
C2) was conducted on the mean amplitudes across the epochs measu30({3 ihboth
conditions) for the P2 component. This revealed, no main effect of diffie(lt$6)=0.32,
p>.05, no difficulty by group interactioR(2,56)=0.35,p>.05, no main effect of sité(4.21,

236.03)5.22,p>.05, no site by group interactiéi{8.43, 236.0330.26,p>.05, no difficulty
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by site interactionr(4.85, 271.44)6.51,p>.05 and no difficulty by site by group interaction
F(9.69, 271.44)6.48,p>.05. Between group differences were also-samificant

F(2,56)=1.68,p>.05.

Updating: Mean amplitudes foeach condition, ERP componemtdelectrode are
given in Table$.9, 6.10, and6.11. Due to some unusable EEG daine participantrom the

drug naive group (n=19), one participant from the ecstasy users group (n=19) and two

participants from th@olydrug group (n=18) have their data excluded from statistical analysis.
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Table6.9: Mean amplitudefuvolts) at each electrode measured for the P3 compdnent

back task)
Ecstasy wsers Polydrug controls Drug naive ontrols

N = O electrode:

P5 1.83 (2.23) 1.36 8.11) 1.54 (1.89)
P7 0.16 (3.17) -0.00 @.17) 0.66 (2.60)
PO7 1.88 (3.18) 2.29 3.23) 2.35(3.15)
PO3 2.30 (2.50) 2.18 @.16) 3.69 (3.06)
01 0.85 (3.04) 0.51 @.41) 1.30 (4.24)
Oz -0.00 (2.25) -0.17 8.07) 0.71(4.68)
POz 1.98 (3.14) 2.06 (.84) 3.04 (3.43)
P6 2.74 (1.84) 3.10 .96) 2.60 (2.06)
P8 2.02 (3.25) 2.43 4.10) 1.71 (1.97)
PO8 3.07 (2.66) 3.834.11) 2.30 (4.08)
PO4 3.10 (2.85) 3.53 @.51) 3.22 (3.17)
02 1.23 (3.51) 1.52 8.15) 1.26 (4.47)
N = 2 electrode:

P5 1.78 (2.47) 0.62 3.13) 1.49 (2.69)
P7 0.42 (3.22) -0.54 @3.26) 0.05 (2.80)
PO7 2.09 (3.96) 0.62 3.05) 1.71 (3.08)
PO3 2.82 (2.76) 2.23 @.31) 3.21 (3.30)
01 1.27 (4.19) -0.20 @.10) 1.19 (4.20)
Oz 0.06 (2.22) 0.86 .04) 0.81(4.06)
POz 2.03 (2.31) 2.34 (1.55) 3.82(3.81)
P6 2.70 (2.24) 2.97 .04) 2.53 (1.52)
P8 2.05 (2.76) 2.54 3.38) 1.98 (1.62)
PO8 3.73 (3.24) 3.91 3.63) 3.36 (2.94)
PO4 2.93 (2.54) 3.61 @.00) 3.71 (3.08)
02 1.33 (3.26) 2.29 3.06) 1.66 (4.32)
N = 4 electrode:

P5 2.64 (3.03) 1.28 2.80) 1.92 (2.68)
P7 1.01 (3.93) 0.05 Q.76) 0.62 (3.06)
PO7 3.17 (4.37) 1.97 @.82) 2.08 (3.32)
PO3 4.10 (3.11) 2.94 @.39) 3.54 (2.67)
01 2.45 (4.03) 1.43 8.13) 1.69 (5.04)
Oz 1.05 (3.70) 1.18 8.45) 0.51(4.44)
POz 3.28 (3.88) 2.20 @.18) 4.53 (3.87)
P6 2.05 (2.80) 3.43 @.05) 2.95 (2.29)
P8 2.08 (3.68) 3.05 (3.73) 2.00 (2.72)
PO8 3.83(3.21) 4.77 (4.09) 3.00 (2.92)
PO4 4.22 (3.52) 3.88 R.74) 3.95 (2.84)
02 1.64 (4.00) 2.52 3.34) 2.25 (4.58)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;

A indicates

a significant

di fference from d
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Table6.10: Mean amplitudeguvolts) for each electrode measured for the N2 component.

Ecstasy sers

Polydrug controls

Drug naive @ntrols

N = 0 electrode:

P6 -0.90 (1.89) -0.47 (20.6) 0.04 (1.45)
P8 -1.78 (2.68) -0.98 (2.38) -0.43 (2.40)
PO8 -2.45 (3.55) -1.45 (3.23) -0.95 (3.47)
N=2 electrode:

P6 -0.48 (1.77) -0.41 (1.78) -0.03 (1.45)
P8 -1.17 (3.05) -1.37 (2.82) -0.99 (2.40)
PO8 -1.65 (3.41) -1.87 (3.63) -0.76 (3.37)
N=4 electrode:

P6 -1.41 (2.17) 0.07 (2.42) 0.29 (1.57)
P8 -1.67(3.61) -0.86 (3.03) -0.62 (2.51)
PO8 -1.73 (4.40) -1.15 (4.10) -0.88 (2.80)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significantatditfhfeer. @r5c d efvred mad
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Table6.11: Mean amplitudeguvolts) for each electrode measured for the P2 component.

Ecstasyusers Polydrug controls Drug naive ontrols

N = 0 electrode:

F1 1.49 (1.76) 0.69 (2.46) 0.60(1.32)
F3 0.34 (1.68) 0.05 (2.32) 0.38 (1.57)
FC1 2.05 (1.58) 1.19 (2.24) 1.37(1.87)
Fz 1.51 (1.65) 1.15 (2.51) 0.85 (2.22)
F2 1.61 (2.07) 1.07 (3.01) 0.42 (2.69)
F4 1.54 (1.96) 1.42 (2.47) 1.38 (2.69)
FC2 2.74 (1.87) 1.76 (3.30) 1.22(2.00)
FCz 3.02 (1.51) 1.84 (2.84) 1.72 (2.48)
Cc2 2.72 (1.67) 1.58 (2.10) 0.67 (2.11)
N = 2 electrode:

F1 1.27 (2.37) 1.06 (2.40) 0.94 (1.68)
F3 0.31 (1.81) 0.15 (2.40) 0.12 (1.82)
FC1 1.46 (1.79) 0.99 (2.19) 1.26(1.65)
Fz 1.59 (3.15) 1.56 (2.29) 0.71 (1.29)
F2 1.15(3.42) 1.06 (1.24) -0.09 (1.87)
F4 1.42 (2.38) 1.73 (2.29) 0.22 (1.80)
FC2 2.13 (2.52) 1.52 (2.30) 1.51 (1.96)
FCz 2.03(3.99) 2.07 (2.24) 1.23 (2.00)
Cc2 1.62 (2.62) 1.27 (2.65) 0.35 (2.11)
N = 4 electrode:

F1 1.21 (1.60) 0.58 (1.89) 0.32 (2.03)
F3 0.74 (2.12) 0.12 (2.88) 0.30 (1.73)
FC1 1.95 (1.75) 1.18 (2.21) 1.12 (2.07)
Fz 1.71 (2.66) 0.90 (2.29) 1.30 (2.02)
F2 0.77 (4.64) 0.56 (3.14) 0.16(2.14)
F4 1.01 (3.01) 0.96 (2.56) 0.50 (2.27)
FC2 1.59 (4.38) 1.19 (2.47) 1.33 (2.43)
FCz 3.57 (2.08) 1.47 (2.62) 1.71(1.92)
Cc2 2.12 (2.52) 1.68 (3.30) 0.74 (1.60)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
Aindicates a significant difference from dr

For the P3 componerda,mixed ANOVA, with between subjects factor of group and
within subjests factors of difficulty (n=0, n=2 and n=4) and site (P5, P7, PO7, PO3, O1, Oz,
POz, P6, P8, PO8, PO4 and @2)ealednixed ANOVA revealedhere was a significant
main effect of difficulty indicating that mean amplitudes differed according to condition
F(2,52)=7.79 p<.01. Inspection of Tablé.9 reveals that this was becawsaplitude
increases in line with difficultyThere was also a significant main effect of electrié@e48,

237.40)46.77,p<.01. The difficulty by user group, electrode by user group, difficulty by
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electrode and difficulty by electrode bger group interactionsere all norsignificant
(p>.05 in all casesThere was no significant effect of user grét(@,53)=0.03,p>.05.

Therefae this component will not be discussed further.

A mixed ANOVA, with between subjects factor of group and within stibjeactors
of difficulty and site P6, P9 and PQ&nthe N2 component revealednain effect of
electrode(2,52)=5.58,p<.01. The effectsfdifficulty and the difficulty by user group,
electrode by user group, difficulty by electrode and difficulty by electrodesby group
interactions were all nesignificantp>.05 in all casesThere was no effect of user group

F(2,53F1.02,p>.05. Therefore this component will not be discussed further.

For the P2 componerd,mixed ANOVA, with between subjects factor of group and
within subjets factors of difficulty and site (F1, F3, FC1, Fz, F2, F4, FC2, FCz and C2)
showedhe effects of difficulty were nesignificantF(2,52)=0.94, p>.05 as was the
difficulty by user group interactioR(4,106)-.39,p>.05. There was howeve main effect
of electrode~(5.32,282.18)8.92 p<.01. The electrode by user group, difficulty bgatrode
and difficulty by electrode byser group interacties were all nossignificant,p>.05in all
cases. Finally, there was no significant effect of grne{#53)=1.65,p>.05.As such this

component is not discussed further.

Implications of Chapter 6

The ERPresults from Chapter 6 support the view that ecstabydpug use does alter
cognitiveprocesses involved in the executive functions of inhibitory control, switching and
accessFurthermore these findingse independent of gender, age, fluid iigehce,daytime
sleepiness, morningnesseningness types, weekly alcohol intakelstate levels of arousal,
anxiety and depression. Differences between ecstasy users and both control groups in the P2

component during the Go/NoGo task reflect atypicdlygaocessing in ecstasy users (the
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implications of which will be discussed in more detail in ChapterNi®jeover recency of

use may play a role in inhibition, given that amount of ecstasy used in the last 30 days was a
significant predictor of FCz amiplide after controlling for cannabis use indices.

Furthermore a diminished P3 response to switching was obsergestasy users and

polydrug controlselative todrug naivecontrolsat several parietoccipitaland occipital

electrode sitesThe regresen analysis on electrode O1 for the P3 component suggested that
lifetime cannabis use significantly predicted the diminish@cdmplitude in the first step.
Although lifetime ecstasy use was a significant predictor of P3 amplitude after controlling for
cannabis use, this appeared to predict amplitude in the opposite dirddtisrtask ale

yielded ecstasy specific alterations in the P2 component at ftenteal sites, perhaps again
reflecting alterations to early processing suggestive of compensaéahanismdifetime

dose of ecstasy approached significance for predicting amplitude at FCz in this component
The N2 component during the low association (more difficult) level ofén@antic
associatiortask showee@cstasyrelateddifferences in compé&on to controls abccipital and
parieteoccipital sites(O2 and PO8)Ecstasy users were not significantly different from
polydrug controls so the results need treating with caufibare were no differences in P3
amplitude between groups in the sen@association task hese results potentially reflect
evidence of cognitive reallocation, or compensatory mechanisms in ecstasy/polydrug users to
ameliorate behavioural differences, given that there were no between group differences on
behavioural pdormance on these three taskimexpectedlyno between group differeas

were observed in performea (errors) on the-hack taskHowever there were reaction time
differences indicating that drug naive controls wagaificantlyslower to respond than

polydrug users on the-back taskDrug naive controls were also slower than ecstasy users

for reaction times on thelmack aisk (although nosignificant). Moreover, inspction of

table6.5 shows that #hough norsignificant, drug naive participants made fewer errors on
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the task than ecstasy users. This data tentatively suggests an accuracy/speed trade off as a
function of increased impulsivity in ecstasy users, although these differences-are non
significant.Furthermore polydrug controshow the lowest error rates as well as fastest
reaction timeThere were no between group differences irBR® componentsuting the
updating task, this was contrary to expectations and potential reasons for thes will

discussed in Chapter 1Due to this function showing more consistent deficits in ecstasy
users in the literature, it will be explored further in Chapter 7, using alternative tasks and

neuroimaging measures.
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Chapter 7fNIRS and Updating

7.1 Chapter Overview

Chapter 6 showed electrophysiological differences in the executive functions of inhibitory
control, switching and accedsowever no such difference was observéith \wegards tdahe

EEG data froommemory updatingThis chapter aims tturther explore the nature of this

executive function in relation to ecstasy use. In this chapter the updating function of the
central executive has been assessed behaviourally using letteng aahat spatial updating
tasks.Furthemore the haemodynamiesponse to task has been assessed using fNIRS.
Twenty ecstasy users, 20 polydrug controls and 20 drug naive controls were recruited for this
study.Behavioural performance on the letter updating task and the spatial updating task was
equivalent betweerhe 3 groupsHowever analysis of fNIRS datshowed MDMA related

alterations to haemodynamic response that may reflect compenfsatctigning

7.2 Introduction

The Updating component of working memory as previously discussed has been
shown tobe degraded in ecstasy usé&tssults from Chapter 6 do not reflecstasyrelated
deficits in this functionn the sample studietHowever the rback task has been employed in
the ecstasy literature previously ayidlded few observable deficits betwagsers and nen
users (Gouzoulidlayfranketal., 2003; DaumannFimmet al, 2003. Nevertheless studies
employingthis task with haemodynamic neurophysiological measures have observed
haemodynamicorrelates that reflect subtle cognitive alteratidasumann Fimmet al.,

2003: DaumannSchnitkeret al, 2003. Perhaps electrophysiological differences were
undetectable in the last chapter due tovirgability in response times frothe timelocked
probe, dugo the difficulty of the taskThe nback task that was employed would have

required more protracted mental calculations than the tasks assessing the other executive

179



functions, and as such may have produced a large amount of noise for the time locked ERPs.
Haemodynamic response to stilims not instataneous. It is understood that the

haemodynamic response occurs over-4248econd epoch (l1zzetoghtial, 2005 Miezin et

al., 2000. As suchactivity over ablock of trials may be a bett way to meage neuronal
responseGiventhatthe updating task requiresntinuousmonitoring of information

perhaps measurements of neur@wivity over the entire updating process will provide a

greater understanding of how ecstasy affects this process.

fNIRS isan emerging noimvasive neuroimaging tool that measures cerebral blood
flow. Due to cerebral blood flow and neuronal activation being closely linkddriger &
Dirnagl, 1999, fNIRS can be used to assess the haemodynamic response to mental demand.
More specifically fNIRS uses wavelengths of light in the near infrared rangsdésslevels
of oxygenatednd deoxygenated haemoglobimthe prefrotal cortex (PFC). Areas of the
PFC are easily accessed by this type of neuroimaging due to it having a penetratiaf depth
2-3mm (Firbanket al, 1998). As such fNIRS is ideal for observing neurological activation
during tasks that load on the (DL)PFC Isuas executive functioning taskacteases in the
chromophore oxyHb are accepted as reflecting an increase in neuronal activity in certain
brain regions (Lefet al, 2011). Furthermore it is hypothesised that although blood
oxygenation is expected tocrease with increased workload, this is only if the participant is
engaged in the task, whereas if the task becomes too difficult and attention shifts (as well as
performance decline), a decrease in oxygenatiorbeibbserved (I1zzetoglet al.,2004)
The distribution of the activation response is regionally specific i.e. the cortical regions
underlying the voxels at which the actiwatiis observed are responsible for the activation
(Leff et al.,2011). Often an increase in oxygenated haemoglobin is coupled with a decrease
in dexygenated haemoglobin (Ehkes al.,2008; Leffet al,, 2008 Leff et al.,2011).

However, increases in oxb have also been observed tocbepledwith increases in
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deoxyHb (Hoshi & Tamura, 1993; Sakatagt al.,1999).The relationship between
oxygenated ashdeoxygenated haemiobin is nonlinear andestimates of total haemoglobin
are sometimesalculated as eorrelate of neronal activation (Ayaet al, 2012).Total
haemoglobin is obtained from summating oxygethated deoxygenated haemoglolis.
such increases in deoyb may refect increased neuronal activityowever oxyHb is

generally accepted as the best indicator of neuronal activity.

Although there is currently a paucity of empirical research on substance users with
this type of technogy, there have been studies investigating cognitive impairments
associated with neurological disease and psyébidisorders (Ehlist al.,2008;Falgatteret
al., 1997;Hemannet al.,2008. Generally, participants with neurological disease such as
Al z h ei me rrtédsas @erfoemingv@ase on cognitive tasks thaedithy controls (Ehlis
et al, 2008; Herrmanet al.,, 2008, and this is usually coupled with acdease in oxjHb.

This technology has also been used as a measure of mental workload in human operators
(Ayazet al.,2012) to improve efficiency of humanachinesystems in critical tasks.

Although human operators may have similar performance output, fNIRS was incorporated as
an additional measure of mental workload, given that increased (@ffieked by increased
oxy-Hb) is predictive of future failureAs suchoperator efficiency could be predicted from

their haemodynamic response to demanding tasks.

As well as integrating haemodynamic measures to assess this function in ecstasy
using populations. It may be useful to explore this function in greater depth using tasks that
are shown in the literature to reliably produce effects in ecstasy Uikerteter updatingtask
and the spatial updating task have both yielded behavioural deficits in ecstasy users
previously Montgomery& Fisk, 2008;Montgomery Fisk, Newcombe & Murphy, 2005

Montgomery, FiskNewcombeand Murphy(2005) observed performance a#8 in ecstasy
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users compared to narsers on the letter updating ta3ke nature of this deficit was

explored further byvlontgomery and Fisk (2008), in whictlhe analyses explored whether

the ecstasy/polydrug deficit is more pronounced at specifial persitions, or whether length

of sequence was a critical factor in performance. In this study, analyses were also varied for
letter span and spatial span. Deficits in ecstasy users were observed for letter updating, in
participants withsimple spans of &nd 6 compared to controls, and deficits in spatial

updating were observed in ecstasgrs with a simple span of Bhis study also suggested

that ecstasy users may display deficits in early serial position recall, with those with spatial
spans of 4 anll, and those with letter spans of 6 showing impairment of recall of stimuli at
early serial positionslhe authors suggest that ecstasy use may lead to greater susceptibility
to chunk destruction during the updating process as an explanation of whyeeaily s

postions show impairmentg-urthermore correlational analysis revealed that indices of
ecstasy use such as total lifetime dose and average weekly dose had a significant negative
correlation with letter updating and spatial updating performancecdrnelatiors suggest

that greater use of ecstasy is associated with poorer updating performance. Moreover indices
of cannabis and cocaine use were not significantly correlated with letter or spatial updating

performance.

The aim of this study i® fully elucidate the effects of ecstasy on the haemodynamic
response to memory updating by using fNIRS in combination with spatial updating and
consonant updating tasks. It is predicted that ecstasy users will show performance deficits in
the updating tasks as Ivas alterations to their haemodynamic response relative to polydrug
controls and drug naive controlsowever if performance is equivalent, it is predicted that
ecstasy users will display evidence of more effortful cognition from their haemodynamic

respamse (increases in oxyb).
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7.3 Method

Design:

For analysis of behavioural data and fNIRS data a between groups design was used.
The between groups factor was dusgr group which consisted of thiegels (estasy users,
polydrug controlsand drug naive controld)nivariate ANOVA was performed on the
behavioural data for both letter updating and spatial updating, with composite scores on each
task as the dependent variables. TMIRS data was analydewith univariate ANOV/As
usingmeanoxy and deoy-Hb changes from baseliregs the dependent variables (voxels 1

16). Any significant main effects were furth

Participants:

Twentyecstasy users (mean age = 21SB= 3.19, 11 = male), 2polydrug controls
(meanage = 19.75, SD = 1.48, 11 = male) andi@gnaive controls (mean age = 19.68, SD
= 1.89, 9= male) were recruited via direct approdgetmail) to Liverpool John Moores
University studets. Inclusion and exclusion criteria were the same as that in Chapter 6.
Indices of ecstasy use were as follows: total lifetime dose 1305.31 tablets + 4951.61; mean

amount used in last 30 days 3.80 tablets £ 4.63, and frequency of use 0.39 times/week + 0.48.

Materials

Questionnaires

TheBackground Drug Use Questionnaisdeep quality questionnairéheESS The

MEQ, KSS UMACL, NASA-TLX an d R a v ewerg ssedSaB described in Chapter 6.
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Updating Tasks

The letter and spatial updating tasks were carried out ddgegomery and Fisk
(2008),whereby each participaistletter and spatial span were first calculated prior to

conducting the updating tasks.

Letter spanConsonants appeared on a computer mosgquentially and remained
on screen for 1.25s eadkollowing presentation o sequence of lefrs participants were
required to recall the order in which tlettérs appeared. To begin with three sets of two
letters wergoreented, progressing three sets of threletters, then three sets of four letters
and so on up until three setsof seledters Par t i ci pantsdé6 span i

letters they canecall accurately on at least two of the things.

Spatial spanAnalogousto the leter span task, participants hiadrecall the positions
of highlighted blocks in a Corsi block type arrangement in terahat they were presented

Highlighted blocks appeadon screen for 1.25s each.

Letter updatingBased on running spanemory task (Morris & Jones, 1990)
consonants appear on the computer screen in random sequences dependent upon the
participants calculated letter spahwenty-four sequences wepresented ahin each trial
participants were@naware othe number of letterthat wouldappear in the sequencenggh
of list). Participants wereequired to recall the most receantonsonants in the order in which
they appeaad (wheren is the participants caltated letter span)lhere were fousequence
lengths;n, n+ 2,n+ 4 andn + 6 and sixrials of each length were presented in randomised

order.

S
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Spatial updatingThis computer based task was again analogous to the letteingpdat
task.Spatial locations wereighlighted on a Corsilbck type arrangement, in random
sequencesTwenty-four trials werepresente@dnd again participants wes@aware of the
length of the sequence being presenteth ¢éiane, with the exception of stkals, in which
participants were told how many spatial locations were going to be pre¢entadh case it
was al ways the participantodos span )that was t
Furthermore participants werequired to recall the last(whereni s t he pspatd i ci pan
span) positions in the order thihey were presead. There were sixrials at each lislength
knownn, unknownn, n+ 2,n+ 4 andn + 6 and the order in which these appeared was

randomised.

Equipment

Haemodynamic response to task in the PFC was monitored using a continuous wave
fNIRS system developdaly Drexel University (Philadelphia, PA) and supplied by Biopac
systems (Goleta, CA, USA). The fNIR sensor has a temporal resolution of 500ms per scan
(2Hz), with a sourceletector separation of 2.5cm allowing 1.25cm penetration depth (Ayaz
et al.,2012).An fNIR100 control box and data acquisition and visualisation software COBI
studio (Drexel university) were used during data collection (as per &yaz 2011; Ayazet

al., 2012) with a serial cable between display and acquisition PCs to identify dalsbran

Procedure

Participants were required to attend the lab for a one off session lasting approximately
2.5 hours. Testing sessions commenced at 9am, 11.30am and 2pm, equal numbers of each
group were tested at each time. Upon entering thpddixripants were given an information
sheet explaining what was involved in the study and written conserdiop#rticipation was

obtained Following this participants completed a battery of questionnaires in the following
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order; Background drug useestionnaire, sleep quality questnaire, MEQ, ESSoretest
KSS UMACL and Ra v e nPdMsPar&ipants then completed the letter span task and the
spatial span task, the order in whickegh were given was randomis&tie fNIRS headband
was then fitted tohe participarts foreheadThe fNIRS signals were displayed on a desktop
computer running COBI studio (Drexel University) in an adjacent room to the testing room.
Providing the signals from the fNIRS were stable, a baseline of inactivity was retatied
involved participants watching a videbplanet earth accompanied $gothing music.
Following this the letter updating and spatial updating tasks were completed (a baasline
taken prior to each taski\fter completing the tasks participants cometethe postask KSS
and post tasklASA TLX (one for each task}inally participants were fully debriefed and
were paid £20 in store voucheT$e study was approved by Liverpool John Moores
University Research Ethics Committee, and was administeredandance with the ethical

guidelines of the British Psychological Society.

fNIRS Analysis

fNIRS raw data from COBI studio was ppeocessed using fnich (Biopac systems;
Goleta, CA, USA. All 16 voxels(oxy and deoxyHb) were visually inspcted foright
saturation. Sturatel channels were discarded. A higass filter (0.1Hz cut off) and a linear
phase filter (order of 20) were used to remove high frequency noise and noise due to
respiration (Ayazt al.,2011; Ayazet al, 2012) Using the modified Bedtambert law
logarithm in fnilSoft (Ayazet al, 2010),total oxy-Hb and deoxyHb changes relative to

baseline over the entire epoaiere calculatedor the 16 voxels

Statistical analysis

Behavioural data were analysesing ANOVA with drug user group as the between

subjects factor and individual task performascere(A composite overall performance
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score for each updating task, which was calculated by addingdahee@n each level of the

task e.gn, n+ 2,n+ 4 andn + 6 in the case of letter updating, and dividing by the number of
levels to give a mean scom@) each of the updating tasks as the dependent varigbles
analysis of fNIRS datanean oxygenated ani@oxygenated haemoglolshange from

baselire over the entire epoch efch task, at each voxeascalculatedfNIRS data were
analysed using ANOVAwith drug user group as the between subjects factomeashoxy

and deoxyHb change from baseline at each voxel as the dependent variabiesignificant

main effects were further exploredusinggost ¢ Tukeyds HSD test.

7.4 Results

Sociodemographic information about the participants, sleep measures and scores of
anxiety, eepression and arousal from the UMA@Gte shown in Tabl&.1 Indices of other

drug and alcbol use are displayed in Table2

%Due to small amounts of missing data on different voxels, MANOVA wagpiaiate for this analysis.
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Table 7.1i Indices sleep gquality, fluid intelligence and sedi@mographic variables

Ecstasy sers Polydrug controls Drug naive ontrols

Males: n, % 11 (55) 11 (55) 9 (45)

Age (SD) 21.76(3.19F¢ A 19.75(1.48) 19.78(1.90) o
University degree: 3 (15) 2 (10) 1(5)

n (%)

Employment status

Student; n, (%) 19 (95) 20 (100) 20 (100)
Employed; n (%) 1(5) 0 (0) 0 (0)
Unemployed; n (%) 0 (0) 0(0) 0(0)

Mean (SD) Mean (SD) Mean (SD)
Ravens Progressive  47.88(5.04) 46.90(6.61) 49.72(4.70)
Matrices

(maximum 60)

Sleepi Hours/night  7.65(1.51) 8.18(1.55) 8.39(1.23)

ESS Score 7.18(3.13) 6.15(3.63) 6.17(3.13)

(maximum 24)

KSS before 5.31(1.49A 5.20(1.47) 4.15(1.35)

KSS after 6.00(1.37) 4.79(1.99) 4.74(1.88)

MEQ total 40.29(9.35) 40.70(9.11) 44.44(9.67)
UMACL anxiety 7.95(2.63) 8.10(1.77) 7.85(2.39)

UMACL 9.35(2.08) 9.26(1.85) 8.35(2.41)

depression

UMACL arousal 16.6(3.45A 16.5(2.96)A 19.35 (3.38)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant difference from d
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Table 7.2 Indices of other drugnd alcoholse

Ecstasy tsers

Polydrug controls

Drug naive oontrols

Mean (SD) n Mean (SD) n Mean (SD) n
Cannabis
Frequency 2.28(2.86) 16 2.05(2.43) 19 - -
(times/wk)
Last 30 days 33.81(57.61) 16 24.76(40.27) 17 - -
(joints)
Total use 4183.42(6353.33) 16 1137.27(2516.24) 19 2(0) 1
(joints)
Cocaine
Frequency 0.32(0.47) 12 0.25(0.21) 5 - -
(times/wk)
Last 30 days 9.38(26.30) 13 2.75(3.20) 4 - -
(lines)
Total use 964.63(2876.88) 14 42.9(67.17) 10 - -
(lines)
Ketamine
Frequency 0.39(0.79) 6 0.08(0.05) 2 - -
(times/wk)
Last 30 days 1.2(2.68) 5 0.10(0.14) 2 - -
use (grams)
Total use 118.73(249.71) 9 0.44(0.47) 5 - -
(grams)
Alcohol units 23.05(28.00A 20 14.82(13.15) 20 8.33(6.15) 20
p/w

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant difference from d

One way ANOVA revealed no signiint between group differences on several
background variables including; average hours slept per night, total score on the ESS, total
score on the MEQ, levels of anxiety, depressionandsal andotal scoreon Ravenods
SPM However there were between group differences inFdg&3)=.89,p<0.05, KSS
beforeF(2,56)=3.94,p<0.05, and arousdaF(2,57)=.85,p<0.05 and a between group
difference approaching significance in post task K§552)=2.84,p=0.07.Posthoct-tests
revealed that the ecstasy user group was significantly older than both other graOps(

both cases Ecstasy users were significantly more sleepy prior to testing than drug naive

controls £<.05) but not polydrug users, and drug naive controls hadisantly higher
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levels of arousal in comparison to both drug user gropp®3%)in both casesl'he posthoc

t-teds on the post task KSS were not significgod 05).

t-tests on indices of drug use aside from ecstasy eetihe ecstasy user group and
polydrug controlsevealed that ecstasy users had smoked a greater mean lifetinet ain
joints compared to potirug controls (4183.42+6353.33 compared to 1137.27+2516.24) and
this differene was approaching significant{@8.95)-1.80,p=.09( Le v e stwadss t e
significant so degrees of freedorave been adjusted accordinglMowever there were no
significant between group differences in frequency of cannabis, cocaine or ketamine use, nor
were there significant between group differences in lifetime tlatsés for cocaine or
ketamine, or last 30 day totals frannabis, cocaine or ketamimdevertheles, as can be

observed in Table 7,.2he ecstasy user group can be described as polydrug users.

A one way ANOVA on average weekly alcohol consumption reveakagnificant
between group differendg(2,57)=3.29,p<0.05.Multiple comparisons revealed that the
ecstasy users consumed significantly more alcohol than drug naive controls on a weekly basis
(p<.05), there were no significant differences betweestasyusers and polydrug controls, or

polydrug controlsand drug naive controls in weekly alcohol consumption.

Behavioural datanalysis

Performance othe updating tasks was compatesing oerall performance scores on
each taskFor letter updatinghere were foulevels of difficulty depending on the length of
the sequence presented; the easiest lmefmiperen is the participants letter span and only
amount of letters are presented in the sequence) followed-t&(list length is twdetters
greater than participants span), tmen4 (list length is foutetters greater than participants
span), and finallyr + 6 (list lengthis sixlettersgreater than participants spamj.dach case

participants hatb recall the lash amount of lettersn the sequencén order Points were

190



awarded for a correcthgentified letter recalledn the carect position of the sequencéhe
spatial updatingask follows the same structureowever there is an extra level of difficulty
in that it has a known sequence (where participants have to recall their ggamount of
spatial locations, and they are informed that erdynount of spatial locations will be
presented) and an unknowrsequence (whereby participants have to recathount of

spatial locéions, however they are not informed of the sequence length prior to the trial).

The overall performance scores were a composite of performance on each level of
difficulty of the task relative to the participaéd spandivided by the number of levels of
difficulty, to give amean scord-or exampleif a participant had a span of fiem the letter
updating task, this would yield fivesponsg on each trail. Aereforefor each level of
difficulty on the task, their total score would be dedldby theirspan (in this case fiydo
give a mean score of performance awctelevel of difficulty.To attain @ overall
performance scorepean totals from each difficulty level are added together and divided by

the number of levels of difficulty (4 for letter ugd®y, and 5 for spatial updating).

Task data is displayed in Tables 7.3 and. AMIOVA revealed no between group
differences on overall performance of letter updaE(§)56)=1.21,p>.05, or spatial updating
F(2,56)=1.13,p>.05. Mixed ANOVA with list Ength as within groupsnd user group as
betweergroupswas conducted on lettand spatial span separatelys there were no
significant differences aside from a within groups effect of length, for brevity, a total

composite score is reported here.
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Tablke 7.3 Means and Bs of performace on the letter updating task.

Ecstasy sers Polydrug controls Drug naive ®ntrols

Sequence Mean (SD) Mean (SD) Mean (SD)
length
n 4.97(0.98) 4.85(0.78) 5.04(0.75)
n+2 3.68(0.96) 3.76(1.22) 4.34(1.02)
n+4 3.50(1.10) 3.68(0.94) 3.93(1.09)
n+6 3.53(1.03) 3.75(1.23) 3.83(1.10)
*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indisiagtnéed icmant difference from drug napve

Table 7.4 Means and Bs of performance on the spatigndating task.

Ecstasy sers Polydrug controls Drug naivecontrols

Sequence Mean (SD) Mean (SD) Mean (SD)
length
Knn 4.85(1.32) 5.09(0.73) 5.01(0.74)
Ukn n 4.70(1.00) 5.00(0.91) 4.70(1.06)
n+2 3.38(1.41) 3.44(0.74) 3.36(1.32)
n+4 3.46(1.44) 4.03(0.92) 3.07(1.42)
n+6 3.47(1.31) 3.90(0.98) 3.34(1.52)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level,
A indicates a significant difference from d

fNIRS Analysis

Mean averages ofkg and deoxy Hithanges from baselin®r theletter updating

task ardisplayed in table 7.5, and oxy and ded¥y changes from baseline for the spatial

updating task are displayed table.Dée to inappropriate recording of baselines, nine

par t i c itagasrexclided fbra analysis (3 ecstasy users, 5 polydru@lsoand 1

drug naive control}-urthermore channels 4 and 6 failed to obtain any data throughout this

experiment, so these channels are omitted from analysis.
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Letter Updating:

Table 7.5 Mean oxyHb and deoxsHb changes from baselingmolar) for letter updating.

Ecstasy users

Polydrug controls

Drug naive controls

Mean (SD) Mean (SD) Mean (SD)
V1 oxy -0.15 (1.38) -0.39 (0.65) -0.09 (1.28)
V2 oxy 0.93 (1.72)** -0.60 (O. 0.67 (1.53)
V3 oxy -0.03 (1.38) -0.08 (0.39) 0.60 (1.14)
V4 oxy
V5 oxy 0.01 (1.29) -0.30 (0.62) 0.15 (1.35)
V6 oxy
V7 oxy 0.30 (1.37) -0.55 (1.01) -0.52 (1.44)
V8 oxy 0.42 (1.56) -0.32 (1.14) 0.15 (1.99)
V9 oxy 0.26 (2.14) -0.55 (1.10) -0.40(1.48)
V10 oxy 0.50 (1.76) -0.23 (1.12) -0.30 (1.95)
V11 oxy -0.05 (1.33) -0.12 (0.77) -0.25 (1.32)
V12 oxy 1.13 (2. -0.12 (0.93) -0.40 (1.22)
V13 oxy 0.31 (1.46) 0.05 (0.69) 0.49 (0.96)
V14 oxy 0.94 (1.67)** -0.50 (1.15) 0.09 (1.48)
V15 oxy 0.31 (0.94) -0.41 (0. 0.39 (1.32)
V16 oxy 1.49 (3.27)* -0.19 (0.99) 0.44 (1.60)
V1 deoxy 0.46 (1.79) -0.81 (0.81) -0.60 (1.30
V2 deoxy 0.39 (1.58) -0.62 (0.91) -0.11 (1.12)
V3 deoxy 0.04 (1.18) -0.29 (0.86) 0.10 (1.07)
V4 deoxy
V5 deoxy 0.12 (0.97) -0.27 (1.00) -0.42 (1.24)
V6 deoxy
V7 deoxy 0.34 (1.26) -0.60 (1.22) -0.75 (1.45)
V8 deoxy 0.43 (1.37) -0.54 (1.02) -0.61 (1.33)
V9 deoxy 0.33 (1.76) -0.44 (1.16) -0.64 (1.21)
V10 deoxy 0.36 (1.27) -0.47 (1.15) -0.71(1.36)
V11 deoxy 0.02 (1.14) -0.45 (0.91) -0.48 (1.16)
V12 deoxy 0.79 (1. -0.27 (0.97) -0.76 (1.18)
V13 deoxy 0.02 (1.03) -0.51 (0.86) -0.18 (0.98)
V14 deoxy 0.26 (1.22) -0.49 (0.95) -0.54 (1.04)
V15 deoxy 0.17 (1.24) -0.82 (0.86) -0.52 (1.30)
V16 deoxy 1.22 (3.24) -0.42 (1.12) -0.28 (1.29)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;

A indicates

a significant

di ffer en ahe.0flevelm d
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Univariate ANOVA on the oxyHb data during the letter updating task revealed
significant between group differences at several voxeld:(2244)=4.62p<.05, V12
F(2,45)=4.80p<.01 and V14(2,47)=4.15p<.05. Group differences also appched
significance at V1%(2,45)=2.90p=.07 and V16-(2,47)=2.49p=.09. There were no

significant differences at any of the other voxels measyre@%).

Planned comparisons revealed that ecstasy users had significantly increastd oxy
compared t@olydrug controls at V2p<.01), drug naive controls also had significantly
increased oxyHb compared to polydrug controls at (& (05). Ecstasy users and drug naive
controls were not significantly different to one another at this vqgze06). At V12, estasy
users displayed significantly increased é:y compared to both control grougs<(05 in
both cases). Polydrug controls and drug naive controls did not differ significantly at V12. At
V14, ecstasy users displayed a significant increase wHixyehltive to polydrug controls
(p<.01), but the difference between ecstasy users and drug naive controls wsapifimant
(p>.05), as was the difference between the two control grgxp85). At V15, ecstasy users
displayed increased oxyb compared to pgtrug controls that was approaching significance
(p=.07). However, drug naive controls showed the greatest increase libaadtythis voxel,
and the difference between drug naive controls and polydrug controls was signikc@sj.(
Differences betweencstasy users and drug naive controls weresngmificant £>.05). At
V16, ecstasy users had significantly increasedtdlrycompared to polydrug controlg<(05)

Differences between drug naive controls and both other groups wesggndicant (>.05).
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Due to the groups showing differences in age andgstesleepiness and given the
heavy use of cannabis in the ecstasy user group, multiple regression analyses were conducted
on Voxel 12, at whils ecstasy users showed significant increases irHixgompared to both
other groups. This was conducted to observe whether ecstasy use indices preditlied oxy
increase after controlling for age, sleepiness and cannabis uséiOgyel at V12 was
enteed as the dependent variable. In the first step, age antdgdi€SS score were entered as
predictors. In the second step indices of cannabis use were entered as piéaigtescy of
use, total lifetime dose, amount smoked in the last 30 @aygkinthe third step the same

indices of ecstasy use were entered as predictors.

The overall rgresion model accounted for a significant 46. 98+ 0.47, R2
adjusted= 0.34 F(8,34)=3.75p<0.01) of the variance in oxigb. Age and préest sleepiness
(step 1)did not predict a significant amount of variance in-6}y (R2= 0.05 R2adjusted-=
0.00 F(2,40)=1.01p>0.05). Cannabis use indices (step 2) did not predict a significant
amount of variance oxklb after controlling for age and ptest sleepinessk(2cchange=0.05
F-change(3,37)=0.63p>.05). Individual indicesf r e g u e n ¢ y0.74,p>0.065ae@d ( b =
tot al I i f ©.02,pr0e05) did rotepredich oxib, however amount smoked in the
|l ast 30 days was al.08,p<@0b), \iitiincreased ugebeindi ct or ( b=
associated with reduced oxb. The ecstasy use indices (step 2) predicted a significant
amount of variance in oxlb, after controlling for cannabis use indicB®¢hange=0.37F-
change(3,34)=7.99p<.05. Specifically frequency ai s e ( p<OO05) &d last 30 day
u s e -049%p=<0.05), were significant predictors of variance in-¥y. Lifetime dose
( b = 0p>.0%),was not a significant predictor. It would appear that frequency of use is the
most important predictor here as increased frequency is associated with increased level of

oxy-Hb.
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ANOVA on the deoxyHb data revealed significant between group differsrate
voxels; V1F(2,44)=3.79p<.05, V7F(2,46)=3.41p<.05, V8F(2,44)=3.39p<.05 and V12
F(2,45)=5.15p<.01. Group differences were also approaching significance at V10
F(2,41)=3.04p=.06, V14F(2,47)=2.94p=.06, V15F(2,45)=2.97p=.06 and V16
F(2,46)=3.01, p=.06. There were no significant differences at any of the other voxels

measured>.05).

Planned comparisons revealed that ecstasy users displayed a significant increase in
deoxyHb compared to drug naive controls at voxel@g21). At V12ecstasy users also
showed increased deo¥{b compared to polydrug controls that was approaching
significance §p=.09). At V7, ecstasy users showed a strong trend for increasedidboxy
compared to drug naive controfs=(05), the difference between ecstasgrs and polydrug
controls was noignificant £>.05). At V1 ecstasy users showed significantly greater deoxy
Hb compared to polydrug controls<05), and greater deoxyb compared to drug naive
controls that was approaching significanpe.(8). At V8ecstasy users displayed greater
deoxyHb that was approaching significance to drug naive consl86) and polydrug
controls p=.09). Ecstasy users displayed greater dddxyhan drug naive controls that was
approaching significance at V1p=06) andv14 (p=.09). Finally ecstasy users also
displayed greater deoxyb compared to polydrug controls that was approaching significance

at V15 p=.06) and V16§=.08). These were all that the 2 tailed level.

Regression analys€ssing the same steps and prealictariables as earlienere

conducted for voxels showing significatstasyrelatedincreases in deoxiib - V1 andV12

With deoxyHb at voxel 1 as the dependent variaileoverall rggresion model
accounted for a nesignificant 13.8%R?= 0.14 R2adjusted= 0.06 F(8,34)=0.68p>0.05)

of the variance imleoxy-Hb. Age and prdest sleepiness (step 1) did not predict a significant
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amount of variance ideoxy-Hb (R?= 0.03 R2adjusted=-0.02 F(2,40)=0.51p>0.05).

Cannabis use indices (stepd) not predict a significant amouait variance in V1 deoxy

Hb after controlling for age and ptestsleepinessK2change=0.02-change(3,37)=0.27

p>.05). None of the individual cannabis indices were significant predictors; frequency of use
(hb=0p>0105), t ot al0.12p>G.08)tandmaourd smeked irf thedast 30

days b =0.13,p>0.05). The ecstasy use indices (step 2) did not predict a significant amount

of variance in V1 deoxygenation, after controlling for cannabis use ind@esgnge=0.09
F-change(3,34)=1.22p>.05). Individual indicesfr e quency 0,[jp>005 Ketifheb =0 . 2 3
dose019p>6.05and | ast 300 pd00§)didunsteignfidantippredict V1

deoxygenation

With deoxyHb at V12 as the DVheoverall rggresion model accounted for a non
significant26.8 (R2= 027, R2adjusted= 0.10, F(8,34)=1.56, p>0.05) of the variance in
deoxygenation. Age and pttest sleepiness (step 1) did not predict a significant amount of
variance indeoxygenationR2= 0., Rzadjusted= -0.03, F(2,40)=0.37, p>0.05). Cannabis
use indices (step 2) did not predict a significant amount of varianég2 deoxygenation
after controlling for age and ptest sleepinesfk(2(change=0.8, F-change(3,37)=0.33,
p>.05. None of the individual cannabis indices were significant predictors; frequency of use
(b30Yp>0. 05), t ot at0.1§ p>G.08)tandmreourd smeked irf thedast 30
days b =0.76 p>0.05). The ecstasy use indices (step 2) did not predict aisagriibmount
of variance in \12 deoxyHb, after controlling for cannabis use indic&*¢hange=@2, F-
change(3,34)=3.47, p>.05 . Il ndi vi dual i n@2i, p>6.85) and lasf3@ t i me d
day u slg p>0.@5Fdid . not significantly predict A2 deoxygenationHowever
frequency opk0.06)was abidnifidant pgretictor of V12 deoxygenation with

increased frequency of use being associated with increased deoxygenation.
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Spatial Updating:

Table 7.6 Mean oxyHb and deoxyHb changes frombaseline imolar) for spatial updating.

Ecstasy users Polydrug controls Drug naive controls

Mean (SD) Mean (SD) Mean (SD)
V1 oxy 0.91 (1.68)* -0.81 0.70 (1.42)
V2 oxy 1.06 (1.79)* -0.61 0.76 (1.15)
V3 oxy 0.53 (1.33) -0.11(0.70) 0.74 (1.23)
V4 oxy
V5 oxy 0.57 (1.74) -0.11 (0.85) 0.71 (1.86)
V6 oxy
V7 oxy 0.39 (1.72) -0.14 (0.85) 0.05 (1.54)
V8 oxy 1.05 (1. -0.31 (1.04) -0.06 (1.28)
V9 oxy 0.08 (1.73) -0.32 (0.75) 0.05 (1.57)
V10 oxy 0.59 (1.80) -0.42(0.85) -0.11 (1.41)
V11 oxy 0.34 (1.65) -0.30 (0.72) 0.54 (1.34)
V12 oxy 0.64 (1.64)* -0.44 (0.93) 0.06 (1.35)
V13 oxy 0.26 (1.51) -0.19 (1.13) 0.26 (1.11)
V14 oxy 0.36 (1.79) -0.63 (1.30) 0.13 (1.50)
V15 oxy 0.12 (1.30) -0.34 (1.09) 0.22 (1.07)
V16 oxy 0.47 (1.07) -0. 24 0.83 (1.31)
V1 deoxy 0.07 (1.78) -0.41 (0.80) 0.61 (1.15)
V2 deoxy 0.12 (0.68) -0.26 (0.72) 0.37 (0.97)
V3 deoxy 0.09 (1.29) -0.18 (0.77) 0.74 (1.15)
V4 deoxy
V5 deoxy 0.22 (1.39) -0.05 (0.69) 0.69 (1.19)
V6 deoxy
V7 deoxy 0.13 (1.27) -0.14 (0.88) 0.51 (1.29)
V8 deoxy 0.34 (0.99) -0.06 (0.68) 0.32 (1.23)
V9 deoxy -0.13 (1.21) -0.20 (0.75) 0.56 (1.50)
V10 deoxy 0.27 (0.60) -0.14 (0.69) 0.18 (1.11)
V11 deoxy -0.03 (1.22) -0.01 (0.48) 0.61 (1.36)
V12 deoxy 0.16 (1.61) -0.19 (0.58) 0.36 (1.45)
V13 deoxy -0.05 (1.43) -0.40 (0.88) 0.39 (0.92)
V14 deoxy -0.06 (1.78) -0.38 (0.85) 0.06 (1.18)
V15 deoxy -0.45 (1.80) -0.45 (0.96) 0.24 (0.96)
V16 deoxy -0.09 (1.18) -0.40 (1.04) 0.37 (1.00)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant difference from d

Univariate ANOVA on the oxyHb data, revealed significant between group
differences at voxels; VE(2,42)=5.89p<.01, V2F(2,42)=5.88p<.01, V8 F(2,42)=3.94

p<.05 and V16~(2,46)=3.47 p<.05. Between group differences were also approaching
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significanceat V12F(2,44)=2.54p=.09. There were no significant between group

differences at any of the other voxels measupedg)

Pairwise comparisons revealed that at V1 polydrug users had significantly lower oxy
Hb that both other groupp<.05), however thdifference between ecstasy users and drug
naive controls was nesignificant £>.05).At V2 polydrug users had sidicantly lower
oxy-Hb than both other groupp<.05), however the difference between ecstasy users and
drug naive controls was neaignificant.At V8 ecstasy users had significantly increased oxy
Hb relative to polydrug controls and drug naive contqesQb). At V16 polydrug users had
significantly reluced oxyHb relative to drug naive controls<(05). Ecstasy users did not
differ from either control group significantlp¥.05 in both cases). At V12 ecstasy users had
significantly increased oxilb compared to polydrug useps<(05) although they weneot
significantly different to drug naive controjs>05). Polydrug users and drug naive controls

did not differ from one anod#r significantly at this voxel.

A regression analysis with the same steps and indices entered as the letter updating
regressionsvith oxy-Hb at V8 as the dependent variable was condug@tad.overall regres
sion model accounted for a nemnificant 0.8% R?= 0.08 R?adjusted=-0.15
F(8,31)=0.35p>0.05) of the variance in oxylb. Age and préest sleepiness (step 1) did not
predict a significant amount of variance in e®p (R2= 0.0Q R2adjusted= -0.05
F(2,37)=0.00p>0.05). Cannabis use indices (step 2) did not predict a significant amount of
variance in V8 oxygenation after controlling for age andtpse sleepines$k(?3change=0.01
F-change(3,34)=0.09p>.05. None of the individual cannabis indices were significant
predictors; fr eg@uC.nlb) ,o0ft autsael0.q1p=f08)t&8me dos e
amount smoked i n0.70,p>0.05). ahe ecst@aBe inbiaes tep(2pdid not

predict a significant amount of variance in V8 &tlp, after controlling for cannabis use
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indices R2change=0.08--change(3,31)=.0.85p>.05). Individual indices; frequency of use
(b=0p>0505), I|ifetpOme 59d0 aen d( A =aB2PpA,05)dicay use |

not significantly predict V8 oxyb level.

ANOVA on the deoxyHb data during the spatial updating task revealed no
significant between group differences at any vogel@5 in each case). However differences
were approaching significance at voxels M2,44)=2.63 p=.08 and V3 (2,41)=2.59 p=.09.
Pairwise comparisons revealed that polydrug users showed decreasetiemyjpared to
drug naive controls that was approaching significance ap¥.07) and V3 §=.09). Ecstasy

users did not differ significantly from either group at either of these voxels.

7.5Discussion andusnmary

Analysis of performance data in Chapter 7 suggesettsasy users perform
equivalently to norusers orletter updating and spatiapdating However the
haemodynamic response data suggest that ecstasy users may be engaged in more effortful
cognition to attenuate performance differenéasing the letter ugating task ecstasy users
showedsignificantly increased oxy1b compared to both control groups at voxel 12, located
over the right medial PFC. Furthermore regression analysis revealed that ecstasy use indices
predicted a significant amouaf the variance in oxyb at this voxel after controlling for age,
sleepinesand cannabis use variallspecifically,frequency of useredicted increased oxy
Hb level Furthermore ecstasy users showed mses in deoxydb from baseline compared
to drug naive controls 812, this difference was alsapproaching significance atyV7
and V8. Estasy useralsoshowed significantly ioreased deoxiib from baseline compared
to polydrugcontrols at V1 and this was approaching significance at V12 an@ihf8
indicates that ecstasy users were engaged in more effortful cognitioreemgevhaps

relying on additional cognitive resourc&egession analyseon deoxyHb data,were

200



generally norsignificant although frequency of MDMA use predicted dedHy at V12,

suggesting that more frequent use lead to greater deoxygenation.

During spatial updaing, the oxyHb data again revealed that ecstasy users showed
significantly increased oxyib compared to both control groups at voxel 8, pertaining to the
left medal prefrontal cortex. &tasy use indices did not significantly predict oxyd¢ienaat
this voxel after controlling for age, sleepiness and cannabis use imdecesgression
analysis Nevertheless the between group differences are evidence that increased cognitive
effort is displayed in ecstasy users compared teusens duringatial updatingThe

implications of which will be discusden greater detail in Chapter.10
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Chapter 8fNIRS response to switchinghibition and acess

8.1 Chapter werview

Chapter Bhowed that ecstasy users stgr@ater haemodynamic activation than
control groups when pirming memory updating taskhis chapter assessed the
haemodynamic response to the otineeeexecutive functions inhibition, switching and
accessTwenty ecstasy users and 20 controlsyg@nlg users and drug naive participants)
completed a random letter gen@rat(RLG) task (inhibition), a numbéetter task (switching)
andan oral variant of the CWFT (accessp performance differences were observed
betwe=n groups on any of the taskfoweversignificant inceases in oxyHb from baseline
were observed in ecstasy users relative to controls at various sites on every level of every task.
Significant increases in deoxyb were also observed in ecstasy users relative to controls at

various ges during the CWFT and the RLG task.

8.2 Introduction

As previously discusse@search in cognitive psychology suggests that the central
executive of working memory is not a unified construct and is comprised of separable
functions including memory updag, mental set switching, inhibitory control and access to
semantic memory (Fisknd Sharp, 2004; Miyaket al., 2000).In ecstasy users, tasks that are
proposed to tap the executive function of mental set switching show equivocal results.
Dafters (2006) observed ecstasy users to be impaired on a switch compdhe&tiafop
task compared toannabis users and nasers and Dafterst al. (1999) found MDMA use to
be negatively correlated with performance on the BADS rule shift cargfoestverthe
majority of studies suggestat MDMA users are unimpaired on tiisction (Foxet al.,

2001; BackMadrugaet al., 2003: Montgomery, Fisk, Newcombe & Murpi005). Chapter
6 in this thesis examined performance on the nus@bir task icombination with ERP

analysis. Aypicalities in theP2componentn ecstasy users compared to both polydind
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drug naive controls despite equivalent behaviourdbpeance as well as drug related
alterations to the P3 respor(&®obertset al.,2013cin pres$. This highlightsthe impotance

of usingmore sensitive measures of cognitive performasweh as EE®@r fNIRS, to gain a
clearer understanding of the mechanisms underpinning cognitive deficits in substance users
asbehavioural measuredone may not be sensitive enough to detabtle ecstasyelated

cognitive deficits in switching

The effects of ecstasy use on inhibition have been reviewed in Chapters.3Aand 6
with switching, results of behavioural studies are mixed though the general consensus is that
this executivdunction is relatively robust to ecstasslated declinetHalpernet al.,(2004)
foundecstasyrelateddeficits onthe Stroop task in a relatively pure ecstasy using sample,
however this was not replicated in a follow up study (Halgemd., 2011). Morewer, using
this task more studies have observed ecstasy users to be unimpisihdoitadn (Back
Madrugaet al.,2003 GouzoulisMayfranket al, 2000Q. Using theRLG task, Wareinget al
(2000)observed performance deficits @écstasy users compared to fusers, though these
findings werenot replicated by Fiskt al (2004), using a larger sample and more effective
controls for concortant use of other drugblevertheless it has been suggested that depletion
of Serotonin (8HT) and impairment of other executive functions may legubtar inhibitory
control (Morgaret al.,2006) Moreover, the use of neurophysiological measures may be
necessary to better understand the impact of MDMA on these cognitive proEesses.
example Roberts and Garavan (2010) observed no performance deficits in ecstasy users on a
Go/NoGo task, howesr fMRI data revealed that users showed increased frontal and parietal
BOLD activationduring successful inhibitions and hyperactivity of temporal, frontal and
cingulate regions during commission errors. Furthermore ERP data in this thesis from
Chapter6 support the view that recreational ecstasy use may lead to subtle cognitive

alterations during this executive function that are more readily detected in neuroimaging data
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than behavioural data.typicalities in early procgsing (PZomponent), during &o/NoGo
task suggeghat compensatory cognitive mechanisms were being employed to enable

equivalent behavioural performance to cont(Blebertset al., 2013a.

While results for switching and inhibitory contiak mixed, there appears to be more
evidence in suppt of impairedaccessn ecstasy users. The COWA tdsks yielded deficits
in ecstay users compared to controls (Bhattachary & Powell, 2B04et al.,2002) though
this is not always a consistent finding (Halpetral.,2004). Ecstasy users do appear to
perform at a consistentlgwer level than controls when thitten varant ofthis task is
used CWFT). The CWFT is understood to be more complex than the C@\skas it
requires participants to name words that fit specific criteria (e.gldétter words beginning
with theletter C) and therefore places more demand on the certralitive Using this task
ecstasyrelatedimpairments have been more considiergported(Montgomeryet al.,2007;
Montgomery, Fisk, Newcombe & Murph2005. Rajet al.(2010)investigated the BOLD
response to a semantic retrieval task of ecstasy users and suggested thaekiiosure
resuts in reduced BOLD responseneuronal areas relating to verbal memory. Furthermore
Chapter6 of this thesigeportedevidence of abnormal executive functioning in ecstasy users
(the N2 ERP component) despite the absence of behavioural diffeneEsmantic

associatiorparadigm(Robert et al., 2013D.

Consequently studies into cognitive deficits associated with ecstasy use are
increasingly employing neuroimaging techniques to gain insighpnatcessesundelying
suchdeficits. Burgesgtal,(2011))o bser ved di fferences i n ecsta:c
positive component over left parietal scalp sites in a recall task that had yielded no significant
performance deficits. The amelioration of this late positivity in ecstasy users is accepted as a

durable abnormality in processing that would not have betectdd by behavioural
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measures alone. fMRI studies (e.g. Daum&mmm et al, 2003 have reported increased
cortical activity in ecstasy users to compensate for behaviotii@letices. Furthermore
Moelleret al (2004)report increases in blood volume in ecstasy users relative to controls in
several bain regions including the medial frontal gyrus and the thalamus, during a delayed
memory task. These fMRI studies show increases in cortical activity and blood volume that
are understood to reflect compensatory mechanisms in ecstasy users. In effegtusessa

are working harder to achiethe same result behaviouraljoreover results from Chapter 7

in this thesis, indicated that differences in haemodynarsmorese (increases in okib and
deoxyHb) were apparent in ecstasy users compared to cordespite equivalent

behavioural performance. The findings fr@hapter7 suggest that ecstasy users were
engaged in more effortful cognition (recruitment of additional resources) to attenuate

performance deficits, in letter updating and spatial updating.

The presenthaptersought to investigate the cerebral haemodynamic resjosisg
fNIRS) to threeexecutive functioning tasks in ecstasy ssamd norusercontrols. The three
executive finctions investigated weraental set switching, aessand inhibitory control.
Based on previous research that has yielded the most interesting results and compatibility
with the technology being usgiie following tasks have been used to assessesa@tutive
function the numbetetter task (switching) e CWFT (access) and RLG (inhibition).
Performance and haemodynamic response were measured on each task. It was hypothesised
that althogh performance on each of the executive functroag be equivalent between
groups difference will be observed in oxiib and deoxyHb haemoglobin changes from
baselingin line with findings from Chapter That reflect increased cognitiegfort

(increased oxyHb and deoxyHb) in ecstasy users
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8.3 Method

Participants:

Twentyecstasy users (mean age = 21.85+2.76; 13 = male) amahercontrols
(mean age = 20.82.05 7 = male)were recruited vig@mailto university studets. Inclusion
criteria for the experimentas similar to thain Chapters 6 and 7, except due to practical
constraints only one control group was recruited that were ecstasy naive (although the
majority of participants in the control group were drug naive, so there is limited drug use in
the nonuser group)Indicesof ecstasy use were as folls: total lifetime dose 431.75 tablets
+ 885.08 meanamount used in last 30 days 2.55 tablets + 3.23, and frequency of use 0.37

times/week + 0.51

Materials

Questionnaires:

TheBackground Drug Use Questionnairfehe ESS, The MEQXSS, UMACL,

NASA-TLX and Ravendéds SPM were used, as describ

Executive function tasks:

Random Letter Generatidmhibition) (Baddeley, 1966)

Participants were presented with a bar orstireen tht alternated between two
positionsat a set pace&ueingparticipants to generate a letter. Participants had to produce
100 letters in each block of the task. There were three bévakeach block represented a
different production ratéone leter every 4, 2, and-§econds). Participants were instructed to
avoid alphabetical sequences, repetition of sequences of letters and to produce each letter
with the same overall frequency. Presentatio

responses @re recorded onto a cassette deck with a built in microphone. Four scores were
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generated the number of alphabetically ordered pairs, the number of repeat sequences,
Aredundancyo (the extent to which al/l l etter
random) and the number of letters produced. A high score on the first three indicates poor
performance whereas the opposite is true in the fourth Ahseores were standardised and

a single score for each random generation measure was obtained byinglttaman

standardised scores for the thpeeduction rates (as per Montgomery, Fisk, Newcombe &

Murphy, 2005)

The Number Letter Tagkwitching)(Rogers& Monsell 1995)1 as described in Chapter 6.

The Chicago Word Fluency Ta&ccess{Thurstone 1939

A variation of the originallhurstone word fluency task, this task consisted of three
blocks in which participants had to verbally prodasexany words as they couid one
minute In the first block(semantic fluency)participants were instructed to nameremy
animals as they could during the time period. Following this they were instructed to produce
as many words possible beginningw h t he | et t e randifiiltblocktheyd i n t h
were r@uired to name as many foletter words beginningwithélett er A CO0 as possi
(word fluency) Partici pants were informed that pl ac
were prohibited. Responses were recorded on a cassette deck with a built in microphone.
Scores for each of the fluency tasks were countedeasutmber of appropriate words in each

case.

Equipment

A continuous wave fNIRS system (developed by Drexel University, Philadelphia, PA)
supplied by Biopac systems (Goleta, CA, USA) was used for collecting haemodynamic

respnse to task data from the PFCdascribed in Chapter 7.
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Procedure

Participants attended the lab for a single session lasting approximately 2 hours.

Testing sessions commenced at 9am, 11am and 1pm and 3pm, with equal numbers of each

group tested at each session time. Upon arrival patitspyvere given an information sheet
explaining what wa involved in the study, angritten consentvas obtainedQuestionnaires
were administered in the following order: backgrdwrug use questionnaire, MEQ, ESS
pret est KSS, UMACL . ThefNIRSReadband &/as thénRitkéd to the
parti ci parnNIRSsignhlower displaygd on a desktop computer running COBI
studio (Drexel University) in an adjacent mdo the testing roonOnce stability of fNIRS
signals was obtained, a baselineraativity was recordedBaselines were recorded prior to
each task. &ticipants watched a videxd planet earth accompanied $gothing musi@and

the baselines were recorded during this pefraiticigants then completed one of the three

tasks (numbeletter task, CWFT oRLG). After each task participants completed the NASA

TLX then the process was repeated for the other tasks starting with baseline recording. Task

order was randomised. After all thrizesks had been completed participants were
administeed the post task KSSaRicipants were fully debriefeafter the testing procedure
and vere paid £20 in store voucheT$e study was approved by Liverpool John Moores
University Research Ethics Committee, and was administered in accordance withctile ethi

guidelines of the British Psychological Society.
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fNIRS analysis

Preprocessing and analysis followed the same procedure as that described in Chapter
7.fNIRS data was analysemsing ANOVA® in blocks of disaete epochs on each tadke
numbe-letter task was analysed over tamitching blocks the CWFT had threlelocks
(animals, NS0 Hettarlongwordsbgidsniamg Wwiotuh ACO) and
blocks where the speed at which letters had to be produced differed4e2eiyr Xseconds).
Due to the various blocks in these tasks relating to the level of difficlithe task, mean

oxy-Hb and deoxyHb changes from baseline at each chanmedrecalculated for each block
8.4 Results

Sociodemographic information about tparticipants, sleep measures and scores of
anxiety, depression andoarsal are shown in Table 8lhdices of other drug and alwal use

are displayed in Table 8.2

% Due to small amounts of missing data on different voxels, MANOVA was not appropriate for this analysis.
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Table 8.1 Indices sleep gquality, fluid intelligence and sedi@mographic variables

Ecstasy sers Non-users
Males: n,(%) 13 (65) 8 (40)
Age (SD) 21.85 (2.7% 20.89 (2.0%
University 4 (20) 5 (25)
degree: n (%)
Employment
status
Student; n, (%) 17 (85) 20 (100)
Employed; n 2 (10) 0(0)
(%)
Unemployed; n 1(5) 0 (0)
(%)

Mean (SD) Mean (SD)
Ravens 47.20 (5.6% 48.00 (6.79
Progressive
Matrices
(maximum 60)
ESS Score 5.00 (2.8) 5.25 (2.8)
(maximum 24)
KSS before 4.30 (1.49 4.75 (1.73
KSS after 5.33(2.1% 4.06 (2.0
MEQ total 45.33 (9.3) 50.00(9.99
UWIST anxiety 8.70(2.56) 8.75(2.24)
UWIST 9.05(3.22) 8.70(2.00)
depression
UWIST arousal 17.35(5.38) 17.75(3.29)

*Indicates a significant difference froontrols at the .05 level, and ** at the .01 level.
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Table 8.2 Indices of Drug use

Ecstasy lsers

Mean (SD) n
Cannabis
Frequency (times/wk) 1.42(1.94) 19
Last 30 days (joints) 23.03(40.19) 19
Total use (joints) 1607.88(2212.54) 19
Cocaine
Frequency (times/wk) 1.15(2.96) 11
Last 30 days (lines) 6.42(14.80) 12
Total use (lines) 294.64(465.18) 14
Ketamine
Frequency (times/wk) 0.24(0.32) 10
Last 30 days us@rams) 0.33(0.71) 9
Total use (grams) 7.16(9.56) 11

t-tests on background variables revealed there was no significant difference between

the two groupsn aget(36)=1.21, p>.05, total score®n the ES$(37)=0.28 p>.05, MEQ
t(30)=.1.37,p>.05, Ra v e nPd1$(38)5-0.41,p>.05, pretest KSS(38)=0.88,p>.05, post

test KSS(26)=1.59,p>.05, or levels of arous|38)=0.28,p>.05, depressiot{38)=0.41,

p>.05 and anxiety(38)=0.07,p>.05. However ecstasy users dighk significantly more

units of alcohol per week than nosers(18.6+11.91 units p/w compared to 9.75+8.63 units
p/w) t(38)=2.71,p<.01, and it is clear from Table 8tRat there is concomitant drugauthis

cohort. Rerhaps it would be more appropri@ecall the current sample of ecstasy users,

ecstasy/polydrug users.

Behavioural Data Aalysis See Table 8.8r descriptive statistics.

Random Letter Generatio®tandardised scores for alphabetically ordered pairs,
repeat sequences and redundancy wadectogether and the standardised score for the
number of letters produced was subtracted from this total, this new total was then divided by

four, to give a single standardised performance score for each rate (1s, 2s and 4s) for each
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participant MANOVA was conducted on the performance scores for this task, this revealed
no significant main effeatf group F(3,36)0.85p>. 05 f or .Pniverlatai 6 s tr ace
ANOVA revealed no significant between group differences on performance at each

individual rate; 19-(1,38)=0.01, p>.05, 2sF(1,38)=1.75 p>.050r 4sF(1,38)=0.93 p>.05.

NumberLetter Taskincorrect answers were given a score of 0 and were not
investigated any further. Responses before 200ms and after 4000ms were excluded from
analysis as these represent-eneptive responding and loss of concentration respectively and
individual reaction tnes that were 3 standard deviations or more above the individual mean
were excluded. The mean percentage of outliers discarded from eachvgreugcstasy
users 1.51 +0.73, drug naive 1.48 £0.91, there were no between group differences in amount
of outliersF(1,37)=0.02 p>.05.0ne participanfrom the ecstasy user group had an
incomplete dataset and therefore wasluded from the final analysiSNOVA revealed no

significant between groups difference on switch €¢%t37)=0.31,p>.05.

Chicago Word Fluecy Task:A mixed ANOVA was conducted on the CWFT data
with group as the between subjects variable and level of difficulty as the within subjects
variable (the easiest being fAani malso foll ow
difficult being 4 leterwordsbeg n ni ng wi t h &@d@oifjcant maim éffectof wa s
difficulty on the task=(1.59, 60.23=158.33 p<.01 (the sphericity assumption was violated
so Greenhous6&eisser adjusted stats are repd)t however there was no groupdfficulty
interactionF(1.59, 60.23=0.75 p>.05. Furthermore there were no significant between group

differences in performance on the t&gk,38)=0.64, p>.05.
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Table 8.3 Means and SDs for behaviourakasures for ecstasy users and-nsers

Ecstasyusers Nortusers
Mean(SD) Mean(SD)

RLG4-second rate
Redundancy 0.087(0.02) 0.087(0.02)
Repeat Sequences 11.70(6.13) 11.10(3.00)
Alphabetical Sequences 5.10(3.61) 4.30(2.36)
Number of Letters Produced 97.15(11.38) 99.95(0.22)
RLG2-second rate
Redundancy 0.093(0.03) 0.095(0.02)
Repeat Sequences 14.90(7.35) 14.30(3.98)
Alphabetical Sequences 8.65(8.22) 6.75(3.43)
Number of Letters Produced 95.50(11.94) 99.20(1.01)
RLG 1-second rate
Redundancy 0.113(0.03) 0.11(0.03)
Repeat Sequences 13.95 (5.99) 15.75(6.16)
Alphabetical Sequences 9.95(4.38) 10.50(4.50)
Number of Letters Produced 82.60(15.09) 86.95(12.66)
Number/letter Switch Cost (ms) 358.61(161.79) 323.40(227.34)
CWFT
Animals 42.10(9.24) 38.55(7.27)
Words beginning wi 37.95(11.26) 35.75(11.49)
4 | etter words be( 1545(7.12) 15.55(8.17)

*Indicates a significant difference frorontrols at the .05 level, and ** at the .01 level.
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fNIRS Analysis

RLG: Changs in oxyHb and deoxyHb from baseline are displayed itable 8.4.

Table 8.4: Mean changes in eklp and deoxaHb (umolar) from baseline, for ecstasy users

and nonusercontrols during theandom letter generatidask

Ecstasy users Non-users

RLG4 RLG?2 RLG1 RLG4 RLG?2 RLG1

Mean (SD) Mean(SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Vloxy 0.56 (0.84) 0.78(1.32) 0.85(1.27) 1.04(1.13) 0.74(0.86) 1.16 (1.51)
V2oxy 0.10(1.82) 0.52(1.49) 057(1.44) 0.29(1.36) 0.13(1.49) 0.58 (1.59)
V3oxy 0.29(1.07) 0.36(1.03) 0.55(1.17) 0.28(0.94) 0.04(0.82) 0.53(1.45)
Voxy 0.23(1.42) 0.75(1.44 1.14(1.83) -0.19(0.70) -0.36(0.76) 0.27(1.12)
V5oxy 0.18(1.63) 0.30(1.81) 0.50(1.82) 0.54(1.08) 0.34(1.26) 0.55(1.53)
V6oxy 0.06 (1.74) 0.37(1.88) 0.33(2.18) 0.16(1.23) 0.24(1.81) 0.40(1.56)
V7oxy 0.25(1.61) 0.32(1.34) 0.35(1.80) 0.67(1.22) 0.49(1.50) 0.71(1.53)
V8oxy 0.84 (2.12) 1.31(1.84) 1.22(2.47) 0.49(1.37) 0.53(1.95) 0.64 (1.57)
V9oxy 0.47(1.62) 0.42(1.76) 0.62(1.88) 0.52(1.32) 0.21(1.48) 0.56(1.55)
V10oxy 1.21 (217 137(231) 1.11(2.66) 0.14(1.22) -0.02(1.85) 0.23(1.59)
V1loxy 0.47(1.17) 0.88(1.34) 0.96(1.26) 0.42(1.08) -0.02(1.25) 0.34(1.19)
V12oxy 0.49(1.62) 0.84(1.355 0.97(1.62)* -0.07(0.91) -0.17(1.40) 0.08(1.24)
V13oxy 0.41(1.09) 0.37(1.77) 1.03(1.34) 0.35(1.25) 0.37(1.20) 0.44(1.34)
V14oxy 0.51(1.74) 0.64(1.65) 0.93(1.68)* 0.00(1.08) -0.27(1.65) -0.06 (1.52)
V150xy 0.45(1.30) 0.43(1.82) 0.68(1.53) 0.56(1.40) 0.35(1.17) 0.61(1.79)
V160oxy 0.51(1.43) 050(1.71) 0.82(1.60) 0.07(0.84) 0.10(1.14) 0.30(1.13)
V1deoxy 0.17(1.27) 0.13(1.83) 0.04(1.49) -0.34(0.96) -0.55(2.00) -0.38(1.02)
V2deoxy -0.14 (1.46) 0.03(1.55) -0.03(1.29) -0.83(0.98) -1.12(1.65) -0.90(1.17)
V3deoxy 0.18(1.199 -0.01(1.39) -0.01(1.10) -0.79(1.33) -0.94(2.11) -0.81(1.66)
V4deoxy 0.10 (1.58)  0.30 (1.55)  0.49 (1.59)* -1.45(1.71) -1.91(2.91) -1.59 (1.59)
V5deoxy 0.24(1.37) 0.14(1.31) 0.25(1.35) -0.48(1.22) -0.66(1.91) -0.60 (1.56)
V6deoxy 0.16(1.32) 0.18(1.34) 0.16(1.32) -0.40(1.38) -0.45(2.11) -0.33(1.59)
V7deoxy 0.25(1.70) 0.10(1.73) 0.11(1.54) 0.03(0.88) -0.12(1.45) -0.06 (1.15)
V8deoxy 0.31(1.52) 0.55(254) 0.21(1.53) -0.25(1.25) -0.36(1.79) -0.30(1.35)
V9deoxy 0.25(1.70) 0.15(1.76) 0.03(1.57) -0.22(1.35) -0.49(2.18) -0.29(1.46)
V10deoxy 0.53(1.92) 0.61(2.76) 0.17(1.84) -0.49(1.79) -0.72(2.43) -0.60 (1.90)
V1ldeoxy 0.18(2.09) 0.28(1.96) 0.16 (1.80)* -1.07(1.86) -1.53(2.97) -1.34(2.21)
V12deoxy 0.50(1.91) 0.45(1.86) 0.45(1.88) -0.29(0.62) -0.28(1.06) -0.42 (1.08)
V13deoxy  0.34 (1.46%* 0.43(1.56) 0.57 (1.57%* -0.72(1.18) -0.85(1.91) -0.83(1.61)
V14deoxy 0.66 (2.09) 0.61(1.84) 0.71(1.98)* -0.27(0.62) -0.35(1.00) -0.51(0.83)
V15deoxy 0.56 (1.75) 1.10(3.999 0.53 (1.64)** -0.62(1.41) -0.98(2.52) -0.84 (1.67)
V16deoxy 0.20(1.44) -0.09(1.79) 0.04(1.82) -0.89(1.42) -0.85(1.98) -0.88(1.65)
*Indicatesa significant difference frornontrols at the .05 level, and ** at the .01 level

ANOVA on oxy-Hb change from baseline on the first level of difficultytioé task

(4s rate) revealed that ecstasgngsshowed increased ekib compared to controls at V10

F(1,30)=2.96 p<.05and this difference was approaching significance aF{1133)=2.00,

p=.08. There were no significant differences at any of the otharls measureg$.05).



There were alseignificant differences in the arant of deoxyHb change from baseline at

V3 F(1,35)%5.42 p<.05, V4F(1,16)=3.90 p<.05, V5F(1,36)=2.92, p<.05, V13

F(1,36)=6.11, p<.01, V14F(1,34)=3.11, p<.05, V15F(1,34)=.93 p<.05 and V16
F(1,35)5.37, p<.05, whereby ecstasy users showed greater deoxygenation than controls.
This difference was also approaching significance af{232)=2.64 p=.06, V10

F(1,30)=2.44 p=.06, V11F(1,20)=2.19 p=.08 and V12(1,31)=2.37, p=.07. No other

differences were observed for the other voxels measpredyin each case).

At the 2" level of difficulty in this task (2s rate) ANOVA revealed between group
differencedn oxy-Hb at V4 F(1,16)=3.47, p<.05, V10 F(1,30)=3.52 p<.05,andV12
F(1,31)=.45 p<.05wherebyecstasy users showed greater-bdyincrease from baseline
than controls. This difference was approaching significance afF{11,20)=2.65 p=.06 and
V14 F(1,34)=2.75 p=.06. There were no differees at any other voxels (p>.03NOVA on
deoxyHb change at the 2 raterevealed tha¢cstasy users showed mificantly greater
deoxyHb increasdghancontrols at VZ(1,32)=.33 p<.05, V4 F(1,16)=.47, p<.05, V11
F(1,20)=2.84 p<.05, V13 F(1,36)5.12 p<.05, V14 F(1,34)=3.67, p<.05and V15
F(1,34)=3.48 p<.05. This difference was also approaching significance af{1335)=2.56
p=.06, V5F(1,36)=2.27, p=.07, V10F(1,30)=2.10, p=.08 and V12(1,31)=1.83 p<.09. No

other significant differences weobserved (p>.05 in each case).

Forthe 3¥ and most difficult level of the task (1s rate) ANOVA revealed that ecstasy
users displayed sngficantly increased oxyHb from baselingelative to controls at V12
F(1,31)=3.08 p<.05and V14F(1,34)=3.42 p<.05. This difference was also approaching
significance at V1%(1,36)=1.83 p=.09. There were no other significant differences at any
of the voxels measure@X.05 in each caseANOVA on the deoxyHb data in this block

revealed that ecstasy users displaygdificantly greater deoxyb than controls at V2
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F(1,32)=.24 p<.05, V3 F(1,35)=3.07, p<.05, V4 F(1,16)=7.2Q p<.01, V5 F(1,36)=3.18
p<.05, V11 F(1,20)=3.05 p<.05, V13 F(1,36)=7.28 p<.01, V14F(1,34)=5.55 p<.01 and
V15 F(1,34)-6.14 p<.01. This difference was also approaching significance at V12
F(1,31)=2.5Q p=.06 and V16-(1,35)=2.59 p=.06. There were no significant differences at

theother voxels measurd@>.05 in each case).

Overall these results show a generateéase in oxyHb and deoxyHb from baseline
for ecstasy users compared to controls that is significant at several voxels ieveaol the

task.

Multiple regression angses were conducted on all voxels showing significant
between group differences in oxyb and deoxyHb. This was conducted to observe whether
ecstasy se indices predicted oxyb and deoxyHb increaseftercontrolling for cannabis
use.Values of oxyHb or deoxyHb (umolar) were entered as dependent varialhhestep
oneindices of cannabis use werdened as predictors (frequency of use, total lifetime dose,
amount smoked in the last 30 dgys)step twahe same indices of ecstasy use were entered
as predictorsThe results from these regression analyses cardrein Appendix,Ifor

brevity, onlyregressions yielding notabiesults are reported here.

Using deoxyHb at V14 during the 4s rate as the dependent variableyvérall
regresion model accountddr a significant 48% R2= 0.44 R2adjusted= 0.32
F(6,29=3.76 p<0.0]) of the variance inleoxy-Hb. Cannabis use indices (step 1) did not
predict a significant amau of variance in V14 deoxygenati¢R2= 0.05 R2adjusted= -0.04
F(3,32)=0.56p>0.05).None of the individual cannabiseindices were significant
predictors; f.&gpu0dn)c,y todt als el i( fipebtOb)aewl dose (b
amount smoked i n0.39p>.05). ahe ecasy Ose iddicgsgstel D) did,

however predict a significant amount of varianiceV14 deoxyHb, after contolling for
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cannabis use indicéB? change=@®9, F-change(3,29=6.66 p<.01). Individualindices;
frequency048p<0.bmend( B mast 362 pdledy)predeesd Vi4b =0 .
deoxyHb level at the 4s rateyith increased frequency being associated with decreased
deoxyHb and increased last 30 day use being associated with increaseeHite dxfgtime

dose (@6e0)wasaaqta significant predictor

Using deoxyHb at V14 during the 2s rate as the dependanable thisoverall
regresion model accounted fommn-significant25.1% (R2= 0.25, Rzadjusted= 0.10,
F(6,29=1.62 p>0.() of the variance inleoxy-Hb. Cannabis use indices (step 1) did not
predict a significant amount of variance in VddoxygenationR2= 0.03 R2adjusted= -0.07,
F(3,32)=028, p>0.05). None of the individual cannahiseindices were significant
predictors; fHelgpuenoy) poftascael (OO and me dose
amount smoked in the last 30 ddy$-6:31, p>0.05). Thee was a strong trend fecsasy
use indices (step 2) predictvariance in V14 deoxib, after controllingor cannabis use
indices(R? change=@3, F-change(3,29)=2.92 p=.05). Individual indices; frequency of use
( bG35 p>0.B)andl i f et i me @>@.85 did(ndt prédictOva4, deoxyb level at
the 2s rate, wheredsa st 3 0 b3 p<0.Q)svas a Gignifidant predictor, with

increased use being associated with increased edbxy

Using oxyHb at V12 during the lsate as the dependent variable thierall regres
sion model accounted for a significant 38.9%%<% 0.39 R2adjusted= 0.25 F(6,26)=2.76
p<0.05) of the variance in oxlb. Cannabis use indices (step 1) did not predict a significant
amount of variancen V12 oxy-Hb (R?= 0.23 R2adjusted= 0.15 F(3,29)=2.90p>0.05).
None of the individual cannahiseindices were significant predictors; frequency of use
(b=0p>D305), total |p*0f0% and amwundsmaked in(the RS 30 3d®ys

( BG&31,p>0.05). Ecstasy use indices (step 2) did not predict a significant amount of
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variance in V12 oxyHb, after controlling for cannabis use indicBs ¢hange=0.1,6--
change(3,26)=2.25p>.05 . Il ndi vi dual i ndi027eps0,05)mde quency
i feti me 3 ¢>0.65 didnét prédictO/A oxy-Hb increaset the 1s rate. However

l ast 30 b3 p<0.)vas aEidgnifidant predictor with increased use being

associated with increased ekip.

Using oxyHb level at V14 during the 1s raas the dependent variable thigerall
regresion model accounted for a significant 33.8%% 0.34 Rzadjusted= 0.2Q F(6,
29)=2.47 p<0.05) of the variance in oxiylb. Cannabis use indices (step 1) did not predict a
significant amount of variance Wil4 oxy-Hb (R2= 0.18 R2adjusted= 0.11, F(3,32)=2.38
p>0.05). None of the individual cannabiseindices were significant predictors; frequency of
use (fp=®. A8), tot al p*0f0% and am®untdsmaked in(the <€ 301 6 ,
days (,@60b). Etdtasy use indices (step 2) did not predict a significant amount of
variance in V14 oxyHb, after controlling for cannabis use indicBs ¢hange=0.1,6--
change(3,29)=2.28p>.05 . |l ndi vi dual i ndi0.27ps0,05)mde quency
i f et i m®.19%po008) did rfotpredict V14 oxklb level at the 1s rate. However, last
30 day u .05 waalignfi®ant predictowith increased use being associated

with increased oxHb change

Using deoxyHb at V14 during the®irate as the dependent variable thisrall
regresion model accounted for a naignificant 30.7% R2= 0.31 R2adjusted= 0.16 F(6,
29)=2.14 p>0.05) of the variance in deotyb. Cannabis use indices (step 1) did not predict
a significant amount ofariance in V14 deoxib (R2= 0.03 R2adjusted=-0.06
F(3,32)=0.34p>0.05). None of the individual cannahiseindices were significant
predictors; f#06%gpuenoy) oftasael (PO and me dose

amount smoked in the 1a3t0  d a-9.85,p¥0M5).However, estasy use indices (step 2)
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did predict a significant amount of variance in V14 deé#y, after controlling for cannabis

use indicesR? change=0.28-change(3,29)=3.85p<.05). Individual indices; frequency of

use( bG37,p>0. 05) and [-0.86 p>0.05kd nat prediet V{dboxy-Hb

| evel at the 1s r at e .69 p{0@0)evasa signifidard meadictd,0 day u

with increased use being associated with increased ddoxgvel
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NumberLetter TaskThe fNIRS data from the two switching blocks listtask is

displayed in table 8.5.

Table 8.5: Mean changes in ekip and deoxyHb (umolar)from baselinefor ecstasy users

and nonusercontrols on the switching blocks of the number/letter.task

Ecstasyusers Non-users
NL1 NL2 NL1 NL2

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
V1oxy 0.71(1.78 0.57(1.79 1.07(2.37) 1.22(2.53
V2oxy 1.59(2.57) 1.52(2.50 1.10(1.45 1.45(1.5))
V3oxy 0.89(1.70 0.78(1.73 0.22(1.39) 0.24(1.38
V4oxy 1.26(2.17) 1.17(2.23 0.57(1.47 0.76(1.40
V5oxy 1.36(2.57)* 1.29(2.49 0.10(1.43 0.26(1.47)
V6oxy 1.70(3.38 1.68(3.49 0.57(1.10 0.57(1.19
V7oxy 0.95(3.1H 0.89(3.03 0.69(2.03 0.96(2.27)
V8oxy 3.33(7.09 3.51(7.09 1.11(1.72 1.52(1.80
V9oxy 1.05(2.12 0.91(2.08 0.27(1.8) 0.60(1.97)
V10o0xy 1.26(2.76 1.60(3.07) 0.88(3.33 1.36(3.30
V1loxy 0.64(2.7H 0.52(2.75 0.40(1.70 0.78(1.6)
V12oxy 0.59(2.6) 0.48(2.66 0.50(1.58 0.80(1.42
V13oxy 1.34(2.49 1.29(2.42 0.39(1.09 0.49(1.22
V14oxy 0.90(1.42 0.88(1.49 0.66(1.32 0.81(1.29
V150xy 0.94(1.9) 0.83(2.23 1.11(1.69 1.21(1.83
V160xy 1.22(2.02 1.20(2.02 1.05(1.29 1.11(1.33
V1deoxy -0.21(2.23 -0.20(2.29 1.21(3.57) 0.75(2.78
V2deoxy 0.17(1.99 0.28(2.05 0.35(1.7) 0.11(1.29)
V3deoxy -0.17(1.59 -0.13(1.52 0.60(1.96 0.21(0.9)
V4deoxy 0.43(1.6H 0.45(1.68 -0.01(0.96 0.05(1.09
V5deoxy 0.39(1.8) 0.45(1.86 0.45(2.03 0.09(1.09
V6deoxy 0.54(1.99 0.60(2.03 0.33(2.03 -0.06(1.04
V7deoxy 0.69(3.3H 0.74(3.4)) 0.73(2.87) 0.30(1.79
V8deoxy 2.25(5.52 2.63(5.56 1.18(2.48 1.02(2.23
V9deoxy 0.10(1.8) 0.11(1.79 0.64(2.8H 0.17(1.68
V10deoxy 0.63(2.2H 1.14(2.82 0.95(2.87) 0.70(2.59
V1ldeoxy -0.32(1.59 -0.27(1.60 0.88(2.83 0.18(1.23
V12deoxy -0.46(1.09 -0.44(1.05 0.28(2.09 -0.06(1.09
V13deoxy -0.16(1.27) -0.12(1.28 0.36(2.39 -0.10(1.03
V14deoxy -0.40(1.49 -0.31(1.50 0.08(1.73 -0.22(1.00
V15deoxy -0.33(1.53 -0.34(1.59 0.91(3.19 0.43(2.22
V16deoxy -0.32(1.17) -0.20(1.27) 0.07(1.78 -0.28(1.12

*Indicates a significant difference frorontrols at the .05 level, and ** at the .01 level
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Using the oxyHb data, ANOVA revealed that in the first switching block ecstasy
users showed a sidicant increase in oxjdb compared to neasercontrols at voxel 5
F(1,36)=3.57, p<.05, and this diffeence was approaching significance at voxels 6
F(1,36)=1.99 p=.08 and 13-(1,35)=2.41 p=.06. There were no significant differences at any

of the other voxels measurgub(05 in all cases).

There were no significamtifferences in the deoxdb data at anyof the voxels
measuredHowever there were differences that approached significance &(Y,85)=2.02
p=.08, V11F(1,26)=2.03 p=.08 and V15-(1,35)=2.15 p=.08 whereby ecstasy users had

decreasedeoxy-Hb compared taontrols.

ANOVA on the oxyHb dataduring the second switching blookvealed that ecstasy
uses displayed greater oxyb at V5 compared to controls and this difference was
approaching significandg(1,35)=2.37 p=.07. There were no sidiuant differences at any
voxels £>.05). Analyisof the deoxyHb change during the send switching bloclalso
revealed no significant between group differences on any of the voxels megsud&drf

each case)

Multiple regression analyses werendoicted on the voxel (V5) stming significant
between group differensen oxyHb. Oxy-Hb (umolar)level at V5 during block 1 of the
numberletter taskwas entered as the dependent varidblstep one indices of cannabis use
were entered as predictors (frequency of use, total lifetime dose, ammk#dsin the last
30 days), in step two the same indices of ecstasy use were exggnextlictorsTheoverall
regresion model accounted for @amsignificant 18.86 (R?= 0.19 R2adjusted= 0.03
F(6,31)=1.20p>0.05) of the variance ioxy-Hb. Cannabis use indices (step 1) did not
predict a signifiant amount of variance wxy-Hb (R2= 0.15 R2adjusted= 0.08

F(3,34)=2.07p>0.05). hdividual cannabis use indicdeequen c y o f -0.075%0.0%) b =
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and amount s moked -0il2p>0.0bkdidinat significandly peedicgaxy ( b =

Hb . However t ot al, p<0.05)fwastasignécard preslietor,(wibhinGreaSed
dose being associated with increased-Hky Ecstasy use indices (step 2) diot predict a
significant amount of variance wxy-Hb, after controlling for cannabis use indicB8 (
change=0.03F-change(3,31)=0.43p>.05). None of thendividualecstasy usandiceswere
significant predictors of oxyb at VV5during the first switching block; frequency use

( B0O7,p>0. 05) and 1-0.16 p>0.05Mmedl ds $ e 30 b-8.17,p>0.065 e

( b
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CWFT:Mean oxyHb and deoxyHb changs from baselinare dispayed intable 8.6

Table 8.6 Mean dilanges in oxaHb and deoxaHb (umolar) from laseline, for ecstasy users

and nonusersfor the CWEFT.

Ecstasy users Non-users

CWFT1 CWFT2 CWFT3 CWFT1 CWFT2 CWFT3

Mean (SD) Mean(SD) Mean(SD) Mean (SD) Mean (SD) Mean (SD)
Vl1oxy 0.80(1.42) 0.71(1.24) 0.78(1.33) 1.23(1.31) 1.12(1.46) 1.05(2.48)
V2oxy 236(2.12) 1.84(2.24) 159(2.02% 1.04(1.35) 0.82(1.30) 0.50(1.49)
V3oxy 1.45(1.65) 1.08(1.46) 0.94(1.51) 0.68(1.00) 0.45(0.90) 0.14(1.35)
V4oxy 203(1.999 199(1.75 2.07(1.83) 0.67(1.54) 0.31(1.58) 0.36(1.70)
V50xy 1.27(1.61) 0.83(1.62) 0.63(2.13) 0.67(1.37) 0.47(1.10) 0.12(1.33)
V6oxy 1.67 (2.62) 1.24(2.36) 1.19(2.21) 1.07(2.11) 0.59(1.62) 0.30(1.80)
V70xy 0.93(1.65) 0.90(1.44) 0.68(1.71) 0.79(1.53) 0.95(1.55) 0.66 (1.62)
V8oxy 1.71(2.61) 1.72(2.56) 1.70(2.34) 1.18(2.42) 0.93(1.97) 0.60(2.41)
V9oxy 1.05(1.70) 0.87(1.63) 0.47(2.08) 0.79(1.53) 0.74(1.59) 0.30(1.65)
V100xy 254 (2.38) 2.59 (2.30%* 2.17(2.29)** 1.04(2.35) 0.60(1.69) -0.06 (1.99)
V1loxy 1.35(1.94) 1.00(1.56) 0.76(1.66) 0.56(1.23) 0.60(1.09) 0.17(1.31)
V12oxy 1.48(2.33) 1.38(2.35% 1.49(1.79%* 0.37(1.78) 0.13(1.75) -0.32 (1.82)
V13o0xy 1.26 (1.48) 0.78(1.51) 0.65(1.55) 0.81(1.09) 0.57(1.15) 0.21 (1.25)
V14oxy 1.08(1.80) 0.76(1.66) 0.74(1.41) 0.60(1.62) 0.42(1.64) 0.08(1.87)
V150xy 0.83(1.56) 0.61(1.36) 0.58(1.40) 1.27(2.19) 1.36(2.41) 1.14(2.25)
V160xy 1.83(1.90) 1.38(2.41) 1.24(1.29) 1.16(1.60) 1.21(1.61) 0.86(1.78)
V1deoxy 0.06 (2.79) 0.60(3.42) 0.94(3.60) -0.19(1.40) -0.07 (1.50) 0.52 (2.39)
V2deoxy 0.70 (2.01 0.77(2.74y 0.88(2.83) -0.32(1.19) -0.42(1.21) -0.17(1.17)
V3deoxy 0.47 (2.39) 0.61(2.78) 0.82(2.99) -0.14(1.06) -0.18(1.00) 0.14(1.10)
V4deoxy 0.89(2.83) 1.34(3.37) 1.42(3.71) -0.38(1.14) -0.26(1.16) 0.07 (1.07)
V5deoxy 0.45(2.39) 0.54(2.76) 0.64(2.98) -0.10(0.92) -0.19(1.01) 0.03(1.05)
V6deoxy 0.22 (2.36) 0.43(2.67) 0.45(2.77) -0.01(1.27) -0.14(1.20) 0.13(1.29)
V7deoxy 0.27 (2.53) 0.82(2.94) 0.93(3.16) -0.11(1.25) 0.26(1.49) 0.51(1.42)
V8deoxy -0.01(2.59) 0.60(3.03) 0.84(3.14) 0.18(1.59) 0.14(1.57) 0.32(1.78)
V9deoxy 0.66 (2.90) 1.06(3.37) 1.03(3.56) 0.16(1.42) 0.29(1.66) 0.49 (1.54)
V10deoxy 0.49 (2.74) 1.21(354) 1.25(3.73) 0.19(1.33) 0.04(1.48) 0.07 (1.42)
V1ldeoxy 0.57(3.04) 0.71(3.48) 0.65(3.80) -0.01(1.49) -0.01(1.47) 0.21(1.40)
V12deoxy 0.25(2.51) 0.44(2.89) 0.56(3.10) -0.48(2.10) -0.51(1.98) -0.33(1.95)
V13deoxy 0.33(2.34) 0.38(2.66) 0.53(2.89) -0.12(1.11) -0.16(1.03) 0.11(0.98)
V14deoxy -0.12 (2.09) 0.10(2.36) 0.29(2.50) -0.84(1.56) -0.78(1.50) -0.51(1.48)
V15deoxy 0.35(2.73) 0.43(3.06) 057(3.37) 0.13(1.81) 0.31(1.79) 0.58(1.71)
V16deoxy 0.42 (2.30) 0.24(2.46) 0.47(2.56) -0.22(0.99) -0.19(1.04) -0.07 (0.96)

*Indicates a significant difference from controls at the .05 level, and ** at the .01 level.
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Analysis ofoxyHbc hange i n bl ock one of the CWFT (
ecstasy userdisplayed a sigificant increase in oxyb compared taontrols at V2
F(1,37)=5.27, p<.05, V3 F(1,36)=2.94 p<.05, V4 F(1,18)=2.91, p<.05and V10
F(1,31)=3.28 p<.05. All other differences were nesignificant £>.05). ANOVA on the
deoxyHb data revealed that ecstasy users showed greater deoxygenation compared to
controls at VZ(1,37)=3.63 p<.05. No other differences were observed here for any other

voxel measuredof.05 in each case).

The more difficult criteria of naming words beginnleg t h t he | etter fASO
significant increased ox¥yb change in ecstasy users relative to controls aE(237)=2.98
p<.05, V4 F(1,18)5.09 p<.05, V10 F(1,31)=8.06 p<.01 and V12F(1,33)=3.14 p>.05
This difference was also approaching significance aE{d336)=2.49 p=.06. There were no
significant between group differences at any of the other voxels meaprré8 in each
case) ANOVA on deoxyHb change during this block of the task revealedasysusers had
significantly greater deoxyHb at V2F(1,37)=3.05 p<.05, with trends at V4(1,18)=2.01,
p=.09 and V14~(1,37)=1.94 p=.09. There were no significant differences at any of the other

voxels measure@$.05 in each case).

In the 3% and most difficult block of this taskNOVA on oxy-Hb change from
baseline revealed that ecstasy users displayggnificant icrease in oxyHb compared to
controls at V2 (1,37)=3.65 p<.05, V3 F(1,36)=2.96 p<.05, V4 F(1,18)=.69 p<.05, V10
F(1,31)-9.01 p<.01 and V12F(1,33)-8.68 p<.01. There were no significant differences at
any of the other voxels measurga.05 in each case). There were no significant between
group differeces in deoxyHb change during this part of the tagk (05 in all casés

However ecstasy users displayed a greater deoxygenation compared to controls that was
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approaching significance at \lF{1,37)=2.26 p=.07. There were no significant differences at

any of the other voxels measurgd .05 in each case).

As with the datdrom the othetwo tasks, multiple regression analyses were
conducted on theNIRS data, at voxels showirtgetween group differences, to observe
whether ecstasy use pieted oxy/deoxyHb levelafter controlling for cannabis us@xy-
Hb/deoxyHb (umolar) change levelvas entered as the dependent variable in eachloase
step one indices of cannabis use were entered as predictors (frequency of use, total lifetime
dose, amount smoked in the last 30 days), in step two the same indices of ecstasy use were
entged as predictors. The results from these regressialyses can be seen in Appendix 2,

for brevity, only regressions yielding notabiesults are reported here.

Using oxyHb at V3 during the first block of the task (animals) as the dependent
variable, ths overall rggresion model accountedr 30.8% of the variance in oxyib and
this was approaching significan@®?= 0.31, R2adjusted= 0.17, F(6,31)=2.30 p=0.06.
Cannabis use indices (step 1) did not predict a significant minobwariance in oxyHb (R2=
0.1Q0 R2adjusted= 0.02 F(3,34)=1.28p>0.05). None of the individual cannabis use indices
were significant predpttor0sb; ,ftedqudhn28y feft | s
p>0. 05) and amount s meOk%®pEr0.05)nThe elostasyluse ndice3 0 day
(step 2) did, however, predict a sificant amount of variance in oxyb, after controlling
for cannabis use indiceB¥ change=Q@1, F-change(3,31)=3.07, p<.05). Individual indices;
l ast 30 -028yp>003aadlii ®t=i me d opx005)didrot@redic7oxyHb.
Howeverf r equency opk0.06)was a gignifc@nt pgedictor with increased

frequency being ass@ted with increased oxiib.

Using oxyHb at V4 during the first block of the task (animalsjtesdependent

variable, thisoverall rggresion model accounted for a neignificant 52.4%R2= 0.52 R2
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adjusted= 0.3Q F(6,13)=2.38 p>.05) of the variance in oxjib. Cannabis use indices (step 1)

did not predict a significant amount of variancexy-Hb (R2= 0.13 R2adjusted=-0.03
F(3,16)=0.80p>0.05). None of the individual cannabis use indices were significant
predictors; f064puenoy) opftasel (pHO®Yandme dose
amount smoked i n0.38p>0.05). ahe ecst&Yusdairadiges (stepb2¥did,
however, predict a significant amount of variance in-bthy after controlling for cannabis

use indicesR? change=@9, F-change(3,13)=3.58, p<.05). Individual indicesfrequency of

use ( <OO5)&d,i f et i med6 p<®.85 didsignificantlypredict oxyHb

level, with increased frequen@nd increased dose being asatem with increased oxiib.

Howeverl ast 30 -0.3by>0.05% was riobassignificant predictor.

Using deoxyHb at V2during the first block of the task (animals) as the dependent
variable, thisoverall reggresion model accounted for a nemgnificant 14.8%R2= 0.15, R2
adjusted=-0.01, F(6, 32)=0.92 p>.05) of the variance in oxib. Cannabis use indices (step
1) did not predict a significant amount of varianceéxy-Hb (R2= 003, R2adjusted- -

0.01, F(3,35=0.35, p>0.05). None of the individual cannabis use indices were significant
predictors;freq e ncy o f05 p>sOe. 0(50)=0 .t ot a }0.14 p>F.08&)tandme dos e
amount smoked i nO0.041p>0.05). ahe ecst@&Yeasndieey (Step(2pdid not

predict a significant amount of variancedeoxy-Hb, after controlling for cannabis use

indices R2 change=Q.2, F-change(3,32)=1.48 p>.05). Individual indicesfrequency of use

( b=0p>10%),and ast 30 -0.28y>0.0% did nétpredict deoxhib level.

Howeverl i f et i me34, ¢p=®.66approbcheadl significance as a predictor, with

increased use being assoaibwath increased deoxib.

Using oxyHb at V4 during the second block of the task (S letter words) as the

dependent variable, thisserall regresion model accounted for a neigrificant 52.1% R2=
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0.52 R?adjusted= 0.3Q F(6, 13)=2.35p>.05) of the variance in oxjb. Cannabis use

indices (step 1) did not predict a significant amount of variance irHix{R?= 0.31, R?

adjusted= 0.18 F(3,16)=2.35p>0.05). Individual cannabis use indices; frequency of use
(bB629p>0. 05), and amount s rAp4k,p>0.05) did ndt predictl ast 3
oxyHb, however t ot alp<0.0b)fwastasignificard preslietor,wibh=0. 9 1,
increased use beingsociated with increased ox{b. The ecstasy use indices (step 2) did

not predict a significant amount of variance in &:y, after controlling for cannabis use

indices & change=@2, F-change(3,13)=1.94, p>.05). Individual indicesfrequency of use
(BbGEO3p>0. 05) and | a29p>03h diddnat predictsoryHb( Howeber

i f et i med2 p=0.8668 apfrdachéd.significance as a predictor, with increased use

being associated with increasesy-Hb change.

Using deoxyHb at V2 during thesecond block of the task (S letter words) as the
dependent variable, thisserall regresion model accounted for a neignificant 14.1%R2=
0.14 R2adjusted=-0.02 F(6, 32)=2.35p>.05) of the variance in deoyb. Cannabis use
indices (step 1) didot predict a significant amount of variance in debiy(R2= 0.03 R2
adjusted=-0.05 F(3,35)=0.35p>0.05).None of the individual cannabis use indices were
significant predi c@08,p>s0;. 0f5r)e q u eont cayt0.18,fi fuestd meb =
p>005) and amount s mokedp>0.05).The ecstdsauseindiBe@ days
(step 2) did not predict a significant amount of variance in détixyafter controlling for
cannabis use indiceBy change=0.11F-change(3,32)=1.38 p>.05). Individualindices;
frequency000,p>0usies)( Ba=nd | as tp>0DP diddnatypredics e ( b =0 . (
deoxyHb. However | i #4ept0.06)appactee sighifitanfe.as a predictor,

with increased use being assoadikgth increased deoxiib.
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Usingoxy-Hb at V3 during the third block of the task (4 letter C words) as the
dependent variable, thasserall rggresion model accounted for a neignificant 26.7%R2=
0.27, R2adjusted= 0.13 F(6, 31)=1.88p>.05) of the variance in oxjb. Cannabis use
indices (step 1) did not predict a significant amount of variance irHix{R?= 0.03 R?
adjusted=-0.06 F(3,34)=0.33p>0.05).None of the individual cannabis use indices were
significant predi ct opG&G0b), ttal [detmek s e0.02,>0.0b)s e ( b =
and amount smoked -0i05p>0.05e Thé exstaty uSeOndicks (ytep 2)(didl =
predict a significant amount of variance in e, after controlling for cannabis use indices
(R? change=0.24~-change(3,31)=3.36p<.05). Individual indices|] i f et i me dose ( b-
p>0.05land | ast 30009,p>a06)dud soepredi€t exyHb level However
frequency op<0.06)wvas agignfidant grédlictor, with increased usegoe

associated with increaseay-Hb.

Using oxyHb at V4 during the third block of the task (4 lettew@rds)as the
dependent variable, thisserall regresion model accounted for a neignificant 46.3% R2=
0.46 R2adjusted= 0.22 F(6, 13)=1.87p>.05) of the variancan oxy-Hb. Cannabis use
indices (step 1) did not predict a significant amount of variance irHix{R2= 0.27, R2
adjusted= 0.14 F(3,16)=2.01p>0.05).However individual cannabis use indices: total
i feti me @<®.685%anddmount.s@ckedireth | ast 31047, @&0p)svere¢ b =
significant predictors of oxydb, with increased lifetime dose being associated with increased
oxy-Hb and increased amount smoked in last 30 days being @esbwaiith decreased oxy
Hb. Frequency pe0f0y, was eot q sigrifidantPredictor. The ecstasy use
indices (step 2) did not predict a significant amount of variance irHinafter controlling
for cannabis use indiceBq change=0.1%-change(3,13)=1.53p>.05). None of the
individual ecstasy usedices predicted oxygenation at M4y e qu enc y0.08,f use (b=

p>0. 05) | i f et,p>@s)adads d a(sbht=03.03p00%). use (bHb=0. 39
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Implications of Chapter 8

The results from this chapter indicate that ecstasy users show an increthseful
cognition during all three executive functioning tasks, despite having similar behavioural
output to controlsEcstasy users displayed significantigrieaseaxy-Hb changes from
baseline relative to controls over several voxels duringntiibition (RLG)task.At the
slowestrate(4second rateYhat is understood to be the easiest level of the task, increases
were observed in V10 relating to the right medial PFC in ecstasy users. As difficulty
increased, a more pronounced difference betwestasy users and controls was observed.
During the second block of the task (2 second rate) ecstasy users displaeausign
increases in oxyHb relative to controlst voxels 4, 10 and 17 his indicates a kiteral
induction of oxyHb increase. Athie most difficult level of the task (1 second rate), ecstasy
users displayed sigficant inaeases in oxyHb in voxels relating toinferior parts ofthe right
medial PFCand right DLPFQV12 andV14). Although, this is a less pronounced difference
than inblock twa there were complimentary ina&es in deoxyb that suggest more
pronounced differences between users andusens as a function of difficulty. A total of
eight voxels, showed significant between group diffiees in deoxyb at the one second
rate, compared to six voxels at the two second rate and seven voxels at the four second rate.
In each case, incases in deoxyHb, were observed over the breadth of the prefrontal cortex,
suggesting that induction of haemoglobin in epgtasers during inhibition is bilaterdlhe
majority of the regressn analyseson voxels showing significant between group differences,
to observe whether ecstasy usadpeed oxy and deoxidb increases after controlling for
cannabis use indices, waren-significant. However ecstasy use indices predicted a
significant amounof the variance in deoxib at voxel 14, in the four second rate of the task.
Specifically frequency of use and last 30 days use were significant predictors, with increased

frequency being assaated with reduced deoxiylb, and increased last 30 dasebeing
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associged with increased deoxyb. Last 30 days use was also a signiftqanedictor of oxy
Hbincrease at V12 and V14 in the 1 second rate block, with increased use betgtads
with increased oxygenation. Last 30 dage also predicted deoXyb increase at V14 at the
two andone second raseThe results from regression analyses suggest that recency of
ecstasy use may play an important role in the observed cognitivefuatterations during

inhibition.

Ecstasy users displayatcrease oxy-Hb relative to controls inoxels pertaining
to the leftmedialPFC during switchingindeed voxel 5 irthefirst switching blocksaw
significant increases in oxygenated haemoiglétr ecstasy users relative to controls.
Moreover V5 also displayed differences in block two that were approaching significance.
Regression analyselé&d not show ecstasy use indices asisicant predictors of oxyHb
change at V5 (block Bfter contrding for cannabisise However lifetime dose of cannabis
was a significant predictor of oxygenation at, fbblock one, with increased use being
asso@@ted with increased oxib. Increases in ox¥yb relative to controls were observed
consistentlyin several sites over the left DLPFC and right PFC during tasks that tap the
executive function of @ acc e sosiogdifféfanges Herer mor e
increaseas a function of difficultyEcstasy users also displayed significant iasegin
deoxyHb compared to controls at V2 relating to the left DLPFC in blocks one (semantic
fluencyiianmilng 0) and t wad fluehayirissto |l eevt drequenioy ofr d s ) .
ecstasy use was a sificant predictor of oxyHb after controlling forcannabis use indices at
V3 and V4 of block one and V3 in block three. Increased frequency isatssbwith
increased oxyHb at these sites. Lifetime dose of ecstasy was also dicign predictor of
oxy-Hb at V4 in block one. Lifetime dose was also qgehing significancex.06 in each
ca®) as a predictor of oxib at V4 in blocktwo and of deoxyHb in V2 in blocks one and

two. Again increased lifetime dose was associated with increasgyg and deoxyHb.
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Lifetime dose of cannabis was also a digant predictor of oxyHb at V4 inblocks two and
three.These results suggest that frequency of use and lifetime dose of ecstasy may play a role

in neurocognitive alterations associated with access.

Thus far it appears that ecstasy users are engagearéeffortful cognitionin terms
of haemodynamic respon®n norusersduring executive function tasks. Thésconsistent
acrosChapters/ and 8 Furthermore the results from this chapter corroborate the results
from Chaptel6 that suggest atypicatqressing of inhibition, switching and accasgcstasy
usersAll three chapters thus far have a dissociation between behavioural output and
cognitive effort reflecting neuroimaging mea
impairment, and the resultseaconsistent with ecstasy users relying on recruitment of
additional resources tattenuate performance deficithe next chapter will assess the
haemodynamic response to a multitasking paradigm alongside cortisol sampling data as a

measure of the inteigy of the HPA axis in ecstasy users.
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Chapter 9fNIRS multitasking and neuroendocriresponse

9.1 Chapter werview

Thus far it appears that fNIRS has provided clear observable differences in relation to
effortful cognition exhibited betweeststasy users and controls. This chapter further eegplor
haemodynamic response in ecstasy users relative to contosgver this time a muki
taskng paradigm has been employé&drthermore a diurnal cortisol profile has been
completed by alparticiparts to assesthe integrity of the HPA axiS'wenty ecstasy users, 17
polydrug controlsand 19 drug naive contralgere recruited for this studpgain
performance on the tiasvas equivalent between groups. HowetdIRS data show
differences in haemodynaoresponse to task between groupse Tartisol profiling data
shav generally increased levels of cortisol in ecstasy users compared to controls, which was
significant compared to both control groups at time 3 on day 1 of the study protocol and also

significantly increased compared to polydrogntrols at time 1 of day 1 of the protocol.

9.2 Introduction

Recreational drug use is argued to be detrimental to normal physiological and
psychological functioningAs documented in this thesigorking memorydeficitsi
particularlythoseassociated with higher level executive functioning tasks appear to be most
prominent in the literature (Fkset al., 2004; Montgomery, Fisk, Newcombe & Murphy
2005) However ecstasy produces its acute psychological and pdyisal effects by being a
powerful indirect serotonin agonist, whilst also having stimulatory effects on dopamine
amongst other neurotransmitters (McDowell & Kleber, 1984er exposure, rebound
neurotransmitter depletion is common, leading to anhed@uiaan & Travill, 1997)

amongst other psychobiological alterations to cognition sleep and mood (Parrott & Lasky,
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1998; Parrott, 2006RRepeated exposure of MDMA may lead to long lasting effects on

monoamine mediatgasychobiologicafunctions.

MDMAGs agoni st act i on imulationsottinedypathalanic al s o |
adrenalaxis (HPA) axis, resulting in altered neuroendocrine function (Patratt 2008)
The neurohormone cortisol is understdo be produced in response to stress, and has been
usedas an indiceor of neuroendocrine functioin ecstasy users, acute effects of MDMA
combined with dancing in hot environmertayebeen reported to increase salivary cortisol
levelsby up to 800% compared to clubbing without taking the drug (Paatatt,2008).
This combination of drug use and prolonged dancing in hot environments is proposed to have
an interactive effect on psychobiologi¢ahctions, whichhas been termed ti&oenegetic
Stress Modeobf recreational MDMA use (Parrott, 2006; Parettal, 2008). Moreover
MDMA has been described as an acute metabolic stressor, due to its actiongsoh
(Parrott, 2006; Parrod#t al.,2008).Further evidence for acute increasésortisol after
MDMA use comes fronde la Tare et al. (2000)who observed marked elevation of plasma
cortisol and prolactin after doses of MDMA that agpiivalent to recreational doS&g-
150mg) Peak cortisol concentration was observed 2 hours post ingdstiois et al. (2002)
report similar significant increases in plasma cortsgtdr administration (1.5mg/kg) of

MDMA in humans.

The most markethcreases in cortisdlave been observed in the field environment
where recreational MDMA users are predominantly using these,dugs as nightlubs
(Parrottet al.,2008)1't i s in these O6real worl ddé situat:i
multiple stimulatory factors (heat, crowding, loud music, intense light), which can cause high

levels ofbioenergeticstresgParrott, 2009)Moreover it has been suggested that repeated
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exposure to such hyperstimulation will have cumulative effects and result in chronic

bioenergetidistress (Parrott, 2006; Parrott, 2009).

Gerraet al.,(2000) investigated long lasting effects of MDMi&e on cortisoand
prolactin. Ecstasy usd¥ybasal cortisol levels appeared equivalent to controls, three weeks
post MDMA exposure. However a significantly reduced cortisol responsdaafdramine
challenge was observed in ecstasy users, three westeadpanistrationthough ortisol
responses appeared to normalise after 12 months abstifibecgame research group (Gerra
et al.,2001)observed significantly elevated baseline cortisol levels in MDMA users, who had
been free from MDMA for at least treaveeks, compared to controdspossibility for this
increasevas suggded to be MDMA related alterations basalHPA-axis functiondue to
serotonergic changes produced by repeated MDMA exposure. Basal qassodlevels
were again observed to be elevated in drug free ecstasy users compared to controls in a study
by Geraet al (2003) ecstasy users and controls were exposed to psychosocial stressors
(Stroop interference task, mental arithmetic and public speakimtl)IDMA users showed a
blunted cortisol response to psychol@jistress compared to consdt wassuggested that
increased basal levels of cortisol may reflect increased worry abdaskseand perception
of them being more stressful. Alternatively, perhaps elevated basal cortisol due to MDMA
exposureexhausts HPA axis leading to bluntedpenses to stress (Geataal, 2003).
Nevertheless there is evidently a complex relationship between drug use arakidPA

function.

Cortisol release follows an established diurnal patieareasing rapidly within the
first 30 minutes of awakening (dmol awakening rgponse) (Pruessnet al.,1997) and
remaining elevated for up &0 minutesFollowing this a general decline in cortisol levels

throughout the day is normadyperactivity of the HPAaxis has real health implications,
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given that it is associated with susceptibility to infectious disease (Sapolsky,al@b6)
depression (Wongt al, 2000) Cortisol also increases as a response to stress and allostatic
load in normal individuals (McEwen, 1998)husinvestigation of diurnal cortisol profiles in
ecstasy users in the days leading up psychological stressor may yield more information

about basal cortisol levels and stress reactivity.

Wetherellet al.,(2012)recently investigated psychological stress reactivity in ecstasy
users and controls usimgmultitasking stressor framework (including tasks that require
executive function resourceself-reported feelings of calmness were significantly reduced
in ecstasy users compared to dnagvecontrols in response to the stressor task. This is
suggestve that ecstasy use can have long lasting ill effects on the psychological response to
stress. This in turn has real life implications for recreational drug users and also warrants

further investigation.

The aims of this study wete investigate changeas prefrontal blood oxygenation in
response to a demanding taslecstasy users, polydrug controls and drug naive confitods
acute stressor grovided in the form of a mutasking stressor task (Purgkesearch
Solutions, UK), with fouhigherlevel processing tasks (Stroop task, twsual monitoring
tasks and mental arithmetic)The cerebral hemodynamic response to cotidg several tasks
at once wasneasured as well as performance on the task behavioialtgover adiurnal
cortisol profile wabtained from all participants in the day preceding the multitasking
stressor and the test d&3re and post test samples were atdtected (saliva samples) to
assess cortisol levels in response to a psychological striesgashypothesisé that
performance on the mutéisking stressor taskay be equivalent, as with other measures of
performance in this #sis butMDMA users willagainshow increased haemodynamic

response to the task, reflectiokincreased cognitive effofeurthermore in line with
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prevous research on cortisol, it wpsedicted that ecstasy users will show increased basal
cortisol levels from their diurnal cisol profiles and as such will not display marked cortisol

increase in response to the multitagkatressar

9.3 Method

Participants:

Twenty ecstasy users (mean age = 21.61, SD = 0.52, 12 = male),-&¢stag,
polydrugcontrols (mean age = 21.23, SD = 0.79, 12 = male) and 19 drug naive controls
(mean age = 21.60, SD = 0.84, 6 = male) were recruited via direct apeoaalt) to
Liverpool John Moores University studentisclusion criteria wer¢he same as that in
Chager 6.Indices of ecstasy use were as follows: total lifetime dose 253.86 tablets + 376.20;
mean amount used in last 30 days 2 tablets + 3.46, and frequency of use 0.22 times/week *

0.21.

Materials

Questionnaires:

The Ba&ground Drug Use QuestionngidASA-TL X and Ravends SPM v

as described in Chapter 6.

TheSAI VAS (State Anxiellgventoryi Visual Analogue Scaleyas completed pre
and post testing period, this comprises 6 statements (I feel calm, | feel tense, | feel upset, |
feel relaxed, feel content, | feel worried) and participants have to indicate on a 100mm line
how much they agree with the statement, ranging fréomdt at all, to 100 very much. To
attain a measure of perceived stress in the lalR¢hecived Stress Scale (PS®4s used.

Thisisafoui t em scale that asks participants abou
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often have you felt difficulties were piling

Participants are required to respond from O = Never, toeryoften.

TheHADS (Hospital Anxiety and Depression Scéymond & Snaith, 1983)s a
14-item scale with seveitems rdating to anxiety and sevetems relating to depression.
This scale includes items such as dAl still e
required to state how much they agree with this from for example 1 = definitelychs to 4

= hardly at all A high score ér the anxiety related items reflects high levels of anxiety and a

high level on depression related items &fl@gh levels of depression.

Multitasking stress test

The multitasking framework (Purple Research Solutions, UK) is aup@latform
used teelicit acute psychological stress (Wetherell & Sidgreaves, 2008)same
combination of four stressor modules (Stroop, mental arithmetic, tracking/targetasaal
monitoring and warning/rising baisvisual monitoring) was used for all participants, at a
medium intensity workload. The task requipasticipants to attend to the fodifferent
components/modules of the task simultaneously. The instructions on sdoeen in
participants of how points aseored and the participants wamstructed to achieve the
highest score possible. The set of tasks ind@dmental arithmét task whereby
participants wereequired to calculate a series of 2 x 3 digit addition sums; visual monitoring
(targetarea) whereby participantsonitor the position of a moving cursor amedet this
cursor when it enterea points zone; a second visual monitoring modulengibiars)
comprises of a set of sbars that rise towards a target line atyirag speeds. Once the bars
reachthe target, participantelectthe order inwvhich the bars reached the tergastest first.

Finally a Stroop task module involvemlour names appeagronscreen in various colours,
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participantshad tosdect the colour the word appeairied rather than read the word. For more

information on the different modules of the framework,\8&herell and Sidgreaves (2005)

Equipment

fNIRS:Haemodynamic respongetask in the PFC was monitorad in Chapter 7.

Cortisol: Saliva samples were obtained by instructing participants to chew on a
salivette (Sarstedt Ltd, Germany) for one min&@xticipants collected labelled salivettes
from the laboratory prior to comencing the studysample 1 was taken on daypi
awakening, sample 2 was taken 30 minutes after waking, sample 3 was taken in the afternoon
between 13 pm and a fourth sample was taken in the evening (betw&&pr). The
following day (test day) a sample was again taken upon waking, a second was fdéen
30 minutes later, a third sample was taken upon entering the lab for testing, a fourth sample
was taken podest and a final sample was collected in the evening (betwé&épr). Saliva
samples were frozen until they were assayed for salivatgaiousing Neogen cortisol

ELISA kits (Neogen Corporation, USAAssays were conducted biMorthumbriaUniversity.

Procedure

Participants wereequired to attend tHab on two occasions.fpdn entering the lab
for the first dayparticipants were informeaf what the study would entail and written
consent was obtained. Participants were given questionnaires in the following order:
background drug use questionnalke$ S 4 HADS an dndRamedonfadhe SPM
saliva sampling protocol (outlined abov&hefollowing day, participants did not attend the
lab, but did collect cortisol sampléday 1 of cortisol profile protocalOne day later (test
day, day 2 of sampling protocpB pretask SA}FVAS and HADS were given upon entering

the lal) and a pretestcortisol sample was takeAfter this the fNIRS sensor pad was
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attached to the participantso6é forehead whi
task. Participants were then instructed to complete a two minute practise trial of the task after
which any questions that the participant had about the task could be answered. The fNIRS
signals were displayed on a desktop computer running COBI studio (Drexel University) in an
adjacent room to the testing room. Providing the signals from the fNIRS \abte, st

baseline of inactivity was recorded before the participants were instructed to complete a 20
minute session of the muliasking stressor task on a desktop computer running the purple
framework (Purple Solutions, UK). After the 20 minutes had eldpsarticipants completed

a post task SAVAS and gave podest cortisol samplerhe NASA TLX was also completed

post task. Finally participants were fully debriefed and were paid £20 in store vouchers. The
study was approved by Liverpool John Mooresvdrsity Research Ethics Committee, and

was administered in accordance with the ethical guidelines of the British Psychological

Society.

fNIRS analysis

Preprocessing and analysis followed the same procedure as that described in Chapter

Statistical anlgsis

Behavioual data wasndysed using ANOVA withgroup as the between subjects
factor and total scores on each component of the(&iskop, mental arithmetic,
tracking/target areavisual monitoring and warning/rising bdrsisual monitoringlas well

as overall score on the task as the dependent variAbl€®/A* was conducted on oxylb

* Due to small amounts of missing data on different voxels, MANOVA was not appropriate for this analysis.
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and deoxyHb changes from baseline (umolar) at each voxel, for the whole epocé of th

multitasking test (20 minutesANOVA was also conducted on the cortisiaita.

Any significant main effects were further explored using4bost c

9.4 Results

Tukeyos

Perceived stress scores, HADS scores and pre and post tasldASAlcores are

displayed inTable 9.1 Indices of other drug and alcohol use are displaydéinte 9.2

Table 9.1 Indices sleep quality, fluid intelligence and sediemographic variables

Ecstasy Users

Polydrug Controls

Drug Naive Controls

Males: n, (%) 13 (65) 13(76) 6 (32)
Age (SD) 21.61 (2.20) 21.23 (2.83) 21.60(3.27)
University degree: n (%) 5 (25) 5 (30) 3 (15)
Employment status
Student; n, (%) 18 (90) 11 (65) 18 (95)
Employed; n (%) 1(5) 6 (35) 3 (15)
Unemployed; n (%) 1(5) 0 (0) 1(5)
Mean (SD) Mean (SD) Mean (SD)
Ravens Progressive 49.70(5.12) 51.82(5.42) 49.58(6.94)
Matrices (maximum 60)
PSS4 (1) 1.55(0.83) 1.41(0.94) 1.32(0.95)
PSS4 (2) 1.90(0.55) 1.82(0.64) 2.00(0.67)
PSS4 (3) 2.45(0.60) 2.35(0.49) 2.37(0.50)
PSS4 (4) 1.45(0.89) 1.41(0.80) 1.21(0.79)
HADS anxietyDay 1 17.92(1.64) 18.13(1.46) 18.50(1.62)
HADS depression Day 1 10.80(1.97) 10.57(1.70) 10.06(2.88)
HADS anxiety Day 2 10.14(3.53) 9.93 (2.55) 9.39 (2.97)
HADS depression Day 2 10.33 (2.13) 10.79 (2.83) 9.17 (2.62)

SAIVAS pre calm
SAIVAS post calm
SAIVAS pre tense
SAIVAS post tense
SAIVAS pre upset
SAIVAS post upset
SAIVAS pre relaxed
SAIVAS post relaxed
SAIVAS pre content
SAIVAS post content
SAIVAS pre worried
SAIVAS post worried

63.80 (24.25)
70.00 (17.27)
20.30 (15.89)
25.10 (5.97)
11.70 (9.59)
12.50 (9.55)
66.05 (20.35)
64.30 (17.93)
71.60 (16.54)
71.25 (11.84)
22.40 (17.27)
19.70 (12.68)

84.06 (10.29)
74.24 (30.68)
15.71 (19.09)
22.35 (24.89)
14.65 (23.17)
8.00 (9.97)
68.29(28.76)
69.00 (29.54)
76.76 (21.33)
82.00 (14.90)
19.12 (24.76)
13.71 (17.75)

79.00 (19.44)
78.37 (20.28)
16.14 (16.84)
14.32 (16.24)
11.00 (11.69)
10.37 (10.65)
79.47 (16.52)
78.89 (16.70)
74.21 (24.67)
73.89 (21.21)
14.79 (17.69)
12.37 (13.80)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indicates a significant difference flevebm d

®Due to mising data at each time point it was not appropriate to perform mixed ANOVA on the cortisol data.

HSD
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Table 9.2 Indices of drug use.

Ecstasy Users Polydrug Drug Naive
Controls Controls

Mean (SD) n Mean (SD) n Mean (SD) n
Cannabis
Frequency 2.74 (2.81)* 20 1.11 (1.56) 16 - -
(times/wik
Last 30 46.56(59.89) 17 19.34 (46.36) 16 - -
days
(joints)
Total use 3613.80 20 1562.96 17 - -
(joints) (4469.70) (3021.05)
Cocaine
Frequency 0.06 (0.08) 2 0.05 (0.06) 2 - -
(times/wik
Last 30 0.00 (0.00) 2 0.00 (0.00) 2 - -
days
(lines)
Totaluse 41500 (43.84) 2 7.50 (0.72) 2 - -
(lines)
Ketamine
Frequency 0.19 (0.19) 5 - - - -
(times/wk
Last 30 0.00 (0.00) 5 - - - -
days use
(grams)
Total use 21.72(16.90) 5 - - - -
(grams)
Alcohol 13.20(6.68) 20 12.44(9.70) 16 6.99 (9.14) 19
units p/w

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
di fference.0flevam d

A indicates a

significant

241



One way ANOVA revealed that theneere no significant between group differences
on measures such as age and fluid intelligema@ measures of perceived stress (PSS4
pretesting), [>.05 in all cases). Pre and post task-$/AIS scores for each of the six
subscales (calm, tense, relaxeohtent, upset and worried) were analysed using a mixed
ANOVA, with user group as the between subject factor andpimmg (pre/postes) as the
within subjects factor. Using the score on the visual analogue scale as the Balpitrere
was no signiitant main effect of time poimt(1,53)=0.19>.05, no time point by group
interactionF(2,53)=1.97 p>.05, but there wasstrong trend fomain effect of group
F(2,53)=3.08,p=05. Pairwise comparisons showed that ecstasy users regeeiang less
calmthan both othr groups overallp<.05)in both cases. Faensethere was a strong trend
for main effect of time poinE(1,53)=3.95 p=.05, with all three groupshowingincreases in
tenseness posask. There was no timpoint by group interactiok(2,53)=0.32,p>.05.

There was no main effect of gro&g2,53)=1.75,p>.05.

The subscalepsetshowed no main effect of tinpoint F(1,53)=1.69 p>.05, no time
point by group intaactionF(2,53)=1.82,p>.05 and no main effect of grou{2,53)=0.07
p>.05. The subscale oélaxedalso showed no main effect of time pad#{t,53)=0.03,p>.05
and no timeooint by group interactioR(2,53)=0.05,>.05, but does show a significant main
effect of group(2,53)=3.04 p<.05, pairwise comparisons reveal#dt dug naive controls
were significantlymore relaxed than ecstasy usgrs.5). Thecontentsubscale revealed no
significant main effect of timpoint F(1,53)=0.25,p>.05, no timepoint by group interaction
F(2,53)=0.33,p>.05 and no main effect of grodf{2,53)=1.39p>.05. Finally,worried
reveaéda main effect of tim@oint, that was approaching significan€e,53)=3.04,p=06,
with worry being greatest pre task, but no tipoént by group interactiofR(2,53)=0.27,

p>.05 and there was no main effectgpbupF(2,53)=1.06,p>.05.
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Mixed ANOVA was also performed on the HADS with user group as the between
subject factor and timgoint (dayl/est day awakening)swithin subjects. For anxiety there
was a significant main effect of tinpmint F(1,44)=232.12p<.05 with reduced anxiety on
the day of testing. There was however no group by pianet interactior(2,44)=0.53,
p>.05, or main effect of group(2,44)=0.02p>.05. For depression there was no main effect
of time point F(1,44)=1.98,p<.05, no timepoint by group interactio(2,44)=1.41p>.05
and no main effect of grouf(2,44)=1.14 p>.05.

ANOVA revealed asignificantbetween group difference in the amount of alcohol
consumed (weeklyf(2,52)=3.28 p<.05. Pairwse comparisons revealed a strong tremd f
ecstasy users to drinkore than drugaivecontrolsp=.05.t-tests betweeacstayg users and
polydrug controlon drug use other than ecstasy revealed that ecstasy users reported smoking
cannabis more équently than polydrug contral8.74 + 2.81 compared to 1.11 + 1.56)
t(30.74)=2.20p<.05( Levenedbs test was significant so
accordingly). However there were no differences in total lifetime joints smoked or total joints
smoked in the last 30 dayshd ecstasy user group showed greater total cocaine use (415 +
43.84 compared to 7.5 = 0.71) though only 2 participants in each group reported taking
cocaine. Ketamine was used by 5 participants in the ecstasy user group, though there were no
polydrug usersvho reported using ketamine, so a statistical comparison cannaiiee
However as seen in Table 9tBe ecstasy user group can be considered a polydrug user

group. No differences were observed on other drug intake variables.
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Behavioural datanalysis

Due to eighparticipants (4 ecstasy users, 3 polydrug users and 1 drug naive control)
not following instructions correctly on the Stroop task and consistentlyesimgauncorrectly
their data on this componentttie task was not analysed any furtiiérese participants are

also excluded from fNIRS analysRerformance data can be observed in table 9.3.

Table 9.3 Performance ata (means ands of total scores) multitasking components

Ecstasy wsers Polydrug controls Drug naive ®ntrols
Mean Mean Mean
Stroop 4443.75(1653.38) 4222.14(1683.38) 4500.28(2545.14)
Warning 550.50(43.71) 566.47(28.93) 533.16(141.07)
Tracking 392.80(112.39) 437.29(58.23) 386.11(203.88)
Maths 414.35(235.65) 463.65(230.06) 371.05(293.16)
Total 5847.751721.07) 5691.29(1727.09) 6382.22(2357.42)

*Indicates a significant difference from polydrug controls at the .05 level, and ** at the .01 level;
A indisigimed imant difference from drug napve

Univariate ANOVA with a between subjects factor of group and score on task
component as the dependent variables revealed that there were no significant differences
between groups on any of thengponents of the task; Strogp2,45)=0.08 p>.05; Maths
F(2,53)=0.56,p>.05; Tracking/target are visuadonitoringF(2,53)=0.50,p>.05. Leveneods

statistic was violated on thvearning/risingbars scores, therefoasm independd samples
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Kruskall-Wallace test was conducted. This revealed that there were no sigrtiitargnces
between ecstasy users (rank = 560), polydrug controls (r&k)}and drug naive controls
(rank = 580)on this component of the task; @IE1.43,p>.05). On the composite total score,

ANOVA revealed no significant between group differen€é&45)=0.55,p>.05.

Post task NASA TK scores were analysed usifRBANOVA. This revealed no
overall between group differences in task 16#&#2,96)4.25,p>.05fad0 Pi | | ,@mor6s tr ac
any between group differences on the individualstddes (Mental demanB(2,52)=1.32,
p>.05, Physical deman&(2,52)=0.11,p>.05, Temporal deman&j(2,52)=0.10,p>.05,
Effort; F(2,52)=1.97 p>.05, Performancd(2,52)=2.39,p>.05, Frustrationf(2,52)=2.65,

p>.05).

fNIRS Analysis

Averaged oxyHb and deoxyHb changegumolar) from baselinearedisplayed in
table 9.4 A series of ANOVAswere used to assess group differences in changes from

baseline.
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Table 9.4 Oxy-Hb and deoxyHb changes from baselingnolar)for each group during the

multitasking test.

Ecstasy wsers

Polydrug controls

Drug naive montrols

Mean (SD) Mean (SD) Mean (SD)
V1oxy 1.03 (2.27) 0.85 (1.17) 1.06 (0.91)
V2oxy 0.34 (0.88)A 1.22(1.16) 1.51 (1.18)
V3oxy 0.68 (1.85) 0.69 (1.02) 0.79 (0.82)
V4oxy 0.26 (2.25) 1.40 (1.22) 0.92 (1.01)
V50xy 0.22 (2.12) 0.02 (1.75) 1.12 (0.91)
V60oxy 0.23 (2.57) 1.36 (1.35) 1.06 (1.09)
V7oxy 0.22 (1.56) 0.20 (1.44) 0.78 (1.14)
V8oxy 0.37 (2.56) 0.91 (1.38) 1.14 (0.86)
V9oxy -0.02 (1.65) 0.13 (1.11) 0.65 (1.53)
V100xy 0.20 (2.06) 0.99 (1.36) 1.11 (1.52)
V1loxy 0.75 (1.84) 0.32 (0.97) 0.38 (1.31)
V12o0xy -0.06 (1.90) 0.58 (1.29) 1.05 (0.98)
V130xy 0.51 (1.77) 0.94 (1.66) 1.10 (1.06)
V14oxy -0.27 (1.61)**A 1.74 (2.06) 1.37 (1.13)
V150xy 0.58 (1.82) 1.01 (1.33) 0.55 (1.01)
V160xy 0.17 (1.33)A 1.20 (1.55) 1.35 (1.19)
V1deoxy -0.74 (1.00) 0.41 (2.02)A -0.81 (0.67)
V2deoxy -1.11 (0.77)* 0.15 (1.65) -0.75 (0.80)
V3deoxy -0.12 (1.28) -0.08 (1.03) -0.59 (0.57)
Vadeoxy -0.67 (1.58) 0.42 (1.63)A -1.24 (1.12)
V5deoxy -0.23 (1.44) -0.54 (1.34) -0.31 (0.68)
V6deoxy -0.64 (1.71) 0.31 (1.50) -0.48 (1.44)
V7deoxy -0.26 (0.69) -0.10 (1.68) -0.46 (0.52)
V8deoxy -0.33(1.67) 0.13 (1.78) -0.88 (1.29)
V9deoxy -0.66 (1.04) -0.02 (1.26) -0.48 (0.84)
V10deoxy -0.83 (1.41) 0.15 (1.93) -1.08 (1.42)
Vi1ldeoxy -0.51 (1.04) 0.44 (2.45) -0.55 (1.03)
V12deoxy -1.07 (1.22)* 0.71 (2.03)A -1.09 (1.03)
V13deoxy -0.49 (1.01) 0.08 (1.02) -0.20 (0.61)
V14deoxy -1.28 (1.21)* 0.28 (1.65) -0.80 (1.14)
V15deoxy -0.62 (1.50) -0.00 (1.10) -0.74 (0.54)
V16deoxy -0.88 (1.09) 0.08 (1.81) -0.76 (0.80)

*Indicates a significant difference from polydrug controls at.@elevel, and ** at the .01 level,

A indicates

significant

di fference

from d
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ANOVA revealedsignificant between group differences in averaggHb changes
at voxel2 F(2,43)=4.78 p<.05; V14 F(2,43)=6.37 p<.01 and M6 F(2,42)=3.32 p<.05.
There were no significant between group differences at any of the other voxels measures

(p>.05).

Pairwise comarisons revealed that aR\écstasy users showed a significantl
reduced oxyHb change compared to drug naive contrpis.05). At V14 ecstasy useshow
significantly lower oy-Hb than both polydrug contro{p<.01) and drug naive controls
(p<.05). At V16 ecstasy users again shownsgigantly lower oxyHb than drug naive

controls(p<.05).

ANOVA on deoxyHb changes from baseline revealed significant between group
differences at VF(2,42)=3.96,p<.05, V2F(2,43)=.71, p<.05 V4 F(2,30)=3.66,p<.05,
V12 F(2,30)-5.04,p<.05 and \14,F(2,43)-5.09 p<.01.There were no significant between

group differences any of the other voxels measurg@+.05).

Pairwise comarisons revealed that at V1, polydrug contsblewed significantly
greater deoxyHb than drug naive controlp<.05), and this difference appdeed
significance compared to ecstasy usprs(7). At V2, polydrug controlshowed
significantlygreater deoxyHb increase than ecstasgers p<.05) and this difference
approached significance compared to drug naive confrel8g). At V4 polydrugcontrols
showed significantly increased deek{p compared to drug naive contrgs(05). At V12
polydrug controls showed significantly increased deldkycompared to both ecstasy users
and drug naive controlp<.05 in both cases) and at V14 polydrug colstshowed
significantly greater deoxilb compared to ecstasy usgrs.01). Ecstasy users and drug

naive controls did not differ significantly from each other at any of these voxels.
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Cortisol Analysis

Mean salivarycortisol levels for each group over the time course of the sampling

protacol can be observed in figure 9.1

Figure 9.1 Diurnal cortisol pofile for each group over the taday otocol.

Diurnal Cortisol Profiles for Each Group

PZ\\N <\

8
/ \ \ === Ecstasy Users Mean
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h'*‘*--~.. \

Mean Cortsol Levek (nmol/fl)
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Day1timel Dayltime2 Dayltime3 Dayltimed Day2timel Day2time2 Day2time3 DayZtimed4 DayZ2time5
(pre test) (post test)

Time Point

Fig. 9.1 Depicts nean salivary cortisol levels (rofil) for each group over the time course for the two day protocol. N¢
the steep increase in cortisol levels 30 minutes after waking on day 1, then gradual decline throughout the day. Tt
increase was not as pronounced in day 2, perhaps reflecting elevated cortisol levels at waking itself, due to anxiet
attending the |l ab to undertake a stressor task. On
compared taontrol groups. This is significant compared to both groups at time 3 on day 1. Ecstasy users had sign
increased cortisol levels at time 1 of day 1 compared to polydrug controls.

ANOVA was conducted for cortisol levels at each time point. Significant between
group differences were observed at day 1 tink€2345) = 3.60p<.05, and between group
differences werapproaching significance at dayime 1F(2,44) = 2.92, p=.06. Thekere
no significant between group differences in salivary cortisol at arheadther time points
measured>.05 in each caselPlanned comparisons revealed that at day 1 time 3 ecstasy
users had significantly increased cortisol levels compared to bwhgroups§<.05 in each
case). At day 1 time 1, ecstasy users had significantly increasedldexteds compared to

polydrug controlgp<.05), there was no significant differencevibeen ecstasy users and drug
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controls at this timepf.05). Furthermore, as can be observed in figure 9.1, ecstasy users and

polydrug users display decreased cortisol level post task compared to pre task.

9.5Implications of Chapter 9

The results from this chapter show that there were no performance differences
betveen groups on any of the subscales of multitaskingn total score for the task
addition, there were ngignificant differences on seféport measures of perceived woikdo
(indexed byle NASAT TLX). There were differences between groups in their
haenodynamic response to the taslkawever these were contrary to expectations. Analysis
of oxy-Hb change from baseline revealed that ecstasy users showed a blunted increase
compared to controls in resp@s the task. Indeed, at voxel {gertaining to the right
DLPFC) ecstasy users showed #igantly less oxyHb compared to bothontrolgroups.
Moreover drug naive controls displayed a significaotaase in oxyHb from baseline
compared to ecstasy usaitsv2 (left DLPFC) and V16 (right DLPFC)Polydrug controls
showedhe greatest increase in deekdp. Thiswas significantompared to ecstasy users at
V2, 12 and 14and both ecstasy users and drug naiwverols at V12Polydrug controls also
showed igreases compared to drug naive controls at V1 and V4. There were no differences
between ecstasy users and drug naiveralsnin deoxyHb at any voxelThese results
provide difficulty for interpretation given what has preceded them sntti@sisPerhapshe
individual tasks that comprise the multitasking framework were not executive function
specific,rather they require other neuromaéas for performancé this is the case, perhaps
ecstasy usershowed a decrease in ekip compared to controls in&¢hPFC due to
reallocating resources to other brain regions. This will be discussed in greater depth in

Chapter 10. However, the act of multitasking itself, should load on the central executive.
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The results from cortisol sampling were more in line witldjm&ons and current
knowl edge of MDMAAais. ©Obséneanon o figore 9showsea gdtheral
elevation in salivary cortisol levels in ecstasy usdmswvever it was only at time 3 on day one
that ecstasy users displayed significantly incréasetisol levels compared to both other
groups. Ecstasy users did however show significant increase in salivargldevids
compared to polydrugontrols at time 1 da¥. These results reflect increased basal cortisol
levels inMDMA users relative taontrols.Ecstasy users repasignificantly reduced feelings
of calmnesson the day of testingpmpared to both control groups on the XS, and
significantly reduced feelings of being relaxed than drug naive contvalsng cortisol

levels are increased in control groupwsthe day of the test, by a greater antdban the

ecstasy user grouplowever the ecstasy users still show the greatest levels of cortisol at this

point. Perhaps such a high level of cortisol up@king, reflects elevated anxiety about

undertaking the stressor task, and this increased level of cortisol is unsustainable, hence a

continuing drop in cortisol levels (as in day 1) rather than an increase podtitask.
following chapter will discuss tise results, along with the other results from the empirical

chapters in this thesis in greater depth.
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10. General Discussion

The aim of the currenthesis was to examine the neurophysiological response to
executive functiomgin MDMA users. This was investigated using EEG and fNIRS, to aid
the current understandirn MDMA related cognitive deficits, due to potetserotonergic
neurotoxicity.Degradation to the serotonin system via repeated use of MDMA may also have
profound implicéions for other psychobiological functions. To this end a secondary aim of
this thesis was to examine neuroendocrine function in ecstasy users, and their neurohormonal

response to stressful events.

Chapter 6 othis thesignvestigated the executive functeof inhibitory control,
switching,updating angdaccess to semantic memayd theitbehavioural and
electrophysiological correlates. Background variables such as fluid intelligeyee,
measures of sledppart from pe-test differences between polydrug controls and ecstasy
users on KSS)evel of arousal, depression and anxiety showed no significhetatites
between ecstasy users, polydrug controls and drug naive comtiele were no behavioural
differences beteen groups in termd aumber of errorgor the Go/NoGoN-back task and
semantic association tasks and there wer@amizh cost differences on the numibetter task
No between group differences were observed in terms of reaction time on the semantic
association taskiFurthermore ecstasy users did not differ significantly to the control groups
with respect to subjective mental workloaa any of the task$lowever there were
differences in reaction time data on thback task, wherebgrug naive contrglwere
significantly slower® respond than polydrug controAlthough ecstasy usenrsere not
significantly different in terms of reaction times compared to either control groupdithey
show generally increased reaction times compared to drug naive controls. Furthermore the

error count was generally higher for ecstasy users compared to controls (although not
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significant) perhaps reflecting an accuracy versus speed trfadeatfrefects increased
impulsivity in ecstasy users.hE results here ar@nsignificanthowever,and the polydrug
users show less errors than drug naive controls as well as faster reaction times, so this
interpretation needs treating with cautidhe lack of grformance differences between
groups in response inhibition angighing was to be expectede®ral studiebave shown
that ecstasy users appear unimpaagdhibitory control (GouzouliMayfranket al., 2003;
Hanson & Luciana, 2030Roberts& Garavan 2010 and mental set switchin@@ck
Madrugaet al, 2003;Fox et al, 2001;Montgomery, Fisk, Newcombe & Murphg2005). It
was predicted that ecstasy users may show performance defitisssemantic association
task. Fbwever ecstasy users have been reported to display unimpaired performéasiesin
that assess access previoyflgdi & Redman, 20084alpernet al.,2004). Furthermore, it
was expected that ecstasy users may show penfiaerdeficits on the-back task.
Neverheless, théack of performance impairment in updatiog this tasks in line with
previous research (Daumariimm et al, 2003). Moreover as has been stgied previously
it was a central aim of this thesis to examine the neurophysiological respean®ztitive

functioning tasks, as this may be more sensitive in exposingtoagdeficits

Despite the lack of betweagroup differences on behavioural measures, there were
differences in EEG measurigsline with our predictions that reflect atypical processing in
ecstasy users in response to executive function tasks involving inhibitory control, switching
and accesd he following parts of this discussion will summarise the findings from EEG and
their relationship to the existing literature and implications for each executive function

separately. First to be discussed are the findings from the inhibitory control (Go/NoGo) task.

The ERP results from performing the Go/NoGo tasksaggestive of changas

attentional processes between the components involved in early inhibition processing (P2).
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Ecstasy users exhibited sificantly higher mean amplitudes than both control groups at
anterior midline site FCz and significantly higher amplitudes than-daixge controls at
another anterior midline site FZurthermore regression analyses revealedfiegsamount of
ecstasy consumed in the last 30 days was a significant predictor of FCz amplitude after
contolling for cannabis usesuggesting that recentausf ecstasy may play a role in response
inhibition. It is interesting to observe such differences in the P2 component, given that it has
been suggested that problems with early orienting or paBpa may have consequences for
later processing stagdsliszkaet al.,2000) Differences in this component have been
observed previously iattention deficit hyperactiwtdisorder (ADHD) subjects (Joktoneet

al., 2001; Lazzaret al, 2001)who displaygreater amplitude in this component relative to
controls. This has been interpreted as atypical itbibdf sensory input in ADHD subjesct
(Johnstonet al, 2001). In addition, research has shown that the P2 component is elevated in
unexpected versus expected inhibition trials (Gajewshl., 2008) Research has also
investigated the P2 component in intoby control in high and loviunctional impulsives (i.e.
individuals whose impulsivity may facilitate performance). High functional impulsives show
an increase in P2 amplitude as a tiorcof task demand (higher demand=increased
amplitude) whereas low functional impulsives do ott¢scheet al.,2011). Taken together,
this suggests a number of explanations for theagil@v of P2 during performance of this
function Firstly, ecstasy users have elevated impulsivity compared to nonusers and this
impulsivity may be masking performea deficits. Fritzschet al (2011) sugest that this
steeper P2 slope, as seen in the ecgiabydrug users, reflects earlier and more efficient
evaluation of stimuli as a result of impulsivity. This seems a reasonable assumption given
that elevated imulsivity has been noted in ecstasy users in pteviesearch (e.gutler and
Montgomery, 2004)The heightened P2 has been shown to be associated with stimulus

evaluation and response (Gajewskal.,2008). It isnotablethat Gajewsket al., (2008) only
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reportedelevated P2 when they increased the demands of their task, which tentatively

suggests that, in the present study, the task was more demanding for ecstasy users. Secondly
in line with the ADHD research cideabove, the atypical early inhibitory processing

displayed in the P2 ERP c@wonent in ecstasy users could be due to recruitment of additional
compensatory resources, similar to the increased activity froptal areas associated with
executivefunctmi ng deficits i n Al zhetam203pSaykikei sease
al., 1998; Woodaret al, 1998). This proposal could also help explain the lack of observed
behavoural differences on the task. Moreotee recruitment of additional resouraghis

early stage in pressing could offset any further waveform modulation at lateregsing

stages.

Although some previous studies report differences between ecstasy users and controls
in the P3 component on a Go/NoGo task (Garetrad.,2005), these have conceded that
betweenrgroup differences were lower after age, education level anthbenus were
controlled for. zbates have arisen alidhe contribution of the P3 and @mponents in
response inhibition. For example, althouglenftited as being reflections of inhibitory
control (Kok, 1986; Koppt al.,1996) the N2 has also been argued to have a role in conflict
monitoring, rather than response inhibiti@onkers and Boxtel, 2004; Nieuwenheisal.,

2003) Furthermore, the P3 has been suggested to be insensitive to performance differences in
inhibitory control and not necessarily involved in response itibib{Falkensteiret al.,1999;
Koppet al.,1996). If this is the case then paps the task used in the current study, which

was employed due to it tapping the executive function of inhibitory control only, would not

highlight any differences in these components.

Moving on tomental set switching in ChapterBRPdataduring the numbeletter

taskalso provide support for MDMA related disturbances to cognitive processegP3
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component, thought to play an important role in the allocation of attentional resources and as
such an important role in the ability to switcltween mental sets, showed significant
between group differeces at several parietcipitaland occipital electrode sites. Drug

naive controlslisplayedsignificantlyhigher mean amplitle in this componerompared to
ecstasy users as well as polydoagtrolsat O1 and Pz. A diminished P3 component is
thought to reflect cognitive impairment, andsagh these findings are consistetith those

of Casccet al (2005)and Mejiaset al (2005)who observed reduced P3 in ecstasy users
compared to controls in other cognitive tasks. Interestingly, the polydrug control group
appear to have a reduced P3 in a further two sites (PO4 antb@ppared to drugaive

controls, suggesting some evidence of @fgprocessing that is related to the use of drugs in
general and not just ecstasy i.e. a polydrug effect. Furthermore, it has been suggested
previously that concomitant cannabis use may account in part or fully for cognitive deficits
observed in ecstasisers (Dafterst al.,2004; Gammat al.,2005). Further to this point the
regression analyses suggested that lifetime dose of cannabis significantly predicted lower
mean amplitude at O1 and Oz. Although polydrug users did not differ from ecstasy users in
amplitude at PO4 and Oz, these results provide evidence for cannabis contributing to

processing atypicalities in mental set switching.

Ecstasy specificitferences were also apparent in the P2 component, invaived i
early processing aftimuli. It was observed that ecstasy users displayed a significantly higher
mean amplitude than both control groagp$rontal, central and frontcentral sites; Fz, Cz
and FCz Atypicalities at this early stage of processing@ostasy users provide evidence that
suggest additional resources are being recruited as a compensatory meakatesoribed
above Perhaps additional recruitment of resources at this stage allowed for sasuiks

behaviourally, despitdiminished P&amplitude at a later stage of processifigese ERP

255



resultsare in line with our predictions amsiggest evidence for an ecstasy/polydrug effect on

the degradation of the executive function of mental set switching.

In the semantic association tatikerewere no main effects of difficulty or site, or
any interactions with these and group, or difficulty by site by gfoughe N2 component
There werédnoweverbetween group trends that warranted further exploration. In the low
association condition of thask ecstasy users displayed a significantly langgativity in
the N2component compared to drug naive controls in occipitatrelde site O2nd pariete

occipitalelectrode PO&lthough norecstasy polydrug users did not differ from either group.

The supposedly easier high associationdition showed significant differences in
negativiyy at the N2 component in polydregntrolscompared to drug naive controls at
parieteoccipitalsite PO3 Components that reflepto s i t (PZand PB)&slsowed moain
effects of difficulty or site, or any interactions with these and group, or difficulty by site by
group (except in P3 where there was a site by group interaction) and there were no between
group differences. Thus these components are less inforrahtivg access to Isentic
memory in ecstasy usetdowever, the group difference in the N2 component does provide
some interesting points to considéhe N2 component has been reported as having a source
in the anterior cingulate cortex (Bekladral.,2005; Nieuwenhui®t al.,2003 and to reflect
neural processes engaged during conflict monitoring, thus being increased in high conflict
trials (Yeung & Cohen, 2006jor example when incongruence between targets and
cues/distracters elicits a conflict of response in a Stroop task (&toglp 1996) Firstly,
considering why the N2 was more pronounced in ecstasy users compared to drug naive
controls in those trials where there was a lower semantic association btvge¢and cue
words, it is possible that at this level of processing, the ecstasy users required the recruitment

of additional resources in order to access the semantic network of long term memory
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compared to drug naive controls. Previous research hasptbe d evi dence t hat
performance can be more greatly impaired under higher task difficulty. For example
Montgomey, Fisk, Newcombe and Murpl{f005) observed a decline in performance in a

word fluency task when more rules were imposed, suiggethat deficits are more

prominent in tasks that place more demand on the central execaitiea.that participants

reported no perceived differences in cognitive effort on the NASX it is possible that
compensatory cognitive processing at neuraiagsites is correcting for deficits in executive
function to eradicate behavioural differences and other research reporting null results, with
respect to performance may reflect similar reallocation of cognitive resources. This aspect of

the results wasiiline with our predictions.

Ecstasy userdid not show significant differences to controls on the high association
condition of the tasHt is generally acceptedefferieset al, 2004 Rossellet al.,2001;
Shiffrin & Schneider1977)thatinformation processig involves two modes of processing
automatic and controlled. Controlled processing, unlike automatic processing, involves
selectively and consciously attending to a stimulus, suggesting that controlled processing
involves higher level mental processes.Aich automatic processing is proposed to rely on
long-term memory, whilst controlled processing loads more on working memory (Jetfries
al. 2004), suggesting separable neural substrates. IndeedIRbsd€2001) used fMRI to
investigate differencas effortful and automatic processing in a similar lexical decision
priming experiment, and found that distinct sub regions of the anterior cingulate cortex
showed activation dependent on the processing type involved. The N2 component in a
semantic clasBcation task was argued to reflect controlled processing by Rittar (1982)
This could help explain why the magnitude of effects was larger under the moceltitiv
association condition, as this was more effortful and as such regeardment of

additional resources. Furthermatr@as been observelat patients with mild head injuries
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will display greater N2 amplitudes whilst performing at a similar level of performance on
cognitive tasks (Ruggt d., 1993. This is proposed as evidee for reallocation of cognitive

resources to cope with task demands and to achieve similar performance.

While the aboveliscusses possible N2lated differenes in access, it [gossble that
the N2 hergeflects changes in other cognitive processeé#iadal to semantic access (See
Folstein & van Petten, 200&rfareview) The N2 in the currergtudy was prominent in
more posterior electrodes which Suwazehal (2000) suggest is reflective of increased
attention demands e visual cortex required for stulus processing. In the study by
Suwazoneet al.(2000)posterior N2 was eliminated by eliminating target novelty (i.e.
making targetsampletely predictable)l.uck and Hillyard (1994) investigated
subcomponents of theZNcomponent using visual search tasks. It was found that the bilateral
posterior N2 as seen in the present study was related to visual search and target probability,
with an increased posterior N2 when participants could not predict a target before
preseraition. Takendgether this providesvidence that in the present study the posterior N2
may reflect increased demands on visual search and maintenance of visual representations,
with greater negativity in ecstasy polydrug users showing that they reqereased
attentional resources for thiBurable abnormalities of the N2 component observed ove
occipital and pariet@ccipitalsites of drug users ogpared to drug naive controls are
indicativeof compensatory mechanisms, or reallocation of cogniesaircesto attenuate
any observable behavioural differences causegchtasyrelateddisturbances to traditional

processing of semantic information and allocation of attention during visual search.

Contrary to expectations, theback task yielded no obsaiie ERP differences
between groups. It was predicted that ecstasy users would show alterations to ERP

components that reflect cognitive impairment/compensatory mechanisms, given that
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performanceavas not significantly reduce&urthermore, previous researcombining this

task with neuroimaging methods has suggested neuronal alterations despite equivalent
performance (Daumann, Fimet al.,2003). One possible explanation for the current lack of
differences may be the design of thback task employed. Iregeral ERP studies using the
n-back task, a paradigm is employed whereby participants are presented with a series of
stimuli (letters or numbers) and aegjuired to respond when a stilsiin the series matches
a stimulus presentadstimuli back in the serig€henet al, 2008 Watteret al.,2001). This
would therefore elicit aERP on each responsghereas the task used in the current thesis
required participants to select (from a display of numbers) which number was presented
digits back. In this case the task is more difficult and requires more protracted mental
processing to calculate which digit was presented. As such this task may lend itself better to
imaging methods that are not tifeeked,butrather evaluate the indueh of neuronal

activity over time, for exaiple ERD/ERS or measureslmanodynamic response such as
fMRI/fNIRS. Indeed thescstasyrelatedactivation differencesbserved by Daumann, Fimm

et al (2003) were observed in an fMRI study.

To summarise theesults from chapter 6, the ERP evidence suggests that
ecstasy/polydrug users are showing evidence of atypical cognitive processing during tasks
that require response inhibition, switching of the mental set and access of semantic/long term
memory stores. Ae durable abnormalities observed in these tasks in P2 and N2 components
in line with predictionsreflect potential recruitment of additional resources to attenuate
behavioural difference¥hereas the diminished P3 response associated with mental set
switching may reflect general cognitive deficiencies that have been observed in ecstasy using
populations in the past. The lack of MDMA related differences in the ERPs elicited from the

n-back task are contrary to expectations. However the next part digbission focuses on
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the results from haemodynamic response to memory updating taskk, pwide more

evidence consistemiith expectations.

Chapter Anvestigated the hagodynamic response to memory updating using letter
updating and spatial updatitasks. Functional neamfrared spectroscopy was employed to
assess the haemodynamic response to task in ecstasy users, polydrug controls and drug naive
controls. To summarise the results, performance was equivalent betwapse gn both
updating measure8Vhilst this was againontrary toexpectations due to previous research
suggesting that ecstasy users were consistently impaired on this function, it was in line with
results from updating performance@mapter6. Furthermore it was predicted thatle
absencef behavioural differencebaemodynamic measures would provide evidence of
ecstasy users being engaged in more effortful cognition as an index of cognitive
reallocation/compensatory mechanisms. The results from fNIRS showed that during the
letter-updating task ecstasy users showed significanéases in oxyHb from baseline
compared to both control groups at voxel 12, situated over the right medial PFC. Furthermore
significant incrases in deoxyb were observed in ecstasy users reldiiverug naive
controls atv12. At V12 the difference was approaching significance compared to polydrug
usersAt V7 ecstasy users had greater desdycompared to drug naive controls that was
approaching significancét V1 ecstasy users displayed significarcreases in deoxiib
compared to polydrug users, and differences compared to drug naive controls that were
approaching significance and at V8 ecstasy usewedgreater deoxyHb compared to both
control groups that was approaching significafitese vaels are located across the breadth
of the PFC showing a bilateral haemodynamic response to letter updaisigs consistent
with previous neuroimaging studies that suggest memory updating requires bilateral neuronal
response (e.g. Colletet al, 2007. During the spatial updating task ecstasy users showed

significant inceases in oxyHb compared to both groups at voxel 8, situated over the left
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medial prefrontal cortex. No significant between group differences werevedder deoxy
Hb during thespatial updating taslikRegression analyses were generally-sigmificant.
However frequency of MDMA use predictedy-Hb and deoxyHb at V12during letter
updating, suggesting that frequency of use may affect haemodynamic response to memory
updating.

Increases in oxyHb compared to bbtcontrol groups, are indicatiwé increased
cognitive effort displayed by ecstasy users to attenuate behavioural differences and are in line
with expectations. These results suggest that although performing at a siveilathie tasks
were more demanding for ecstasy uskrsreases in oxygenated haemoglobin are understood
to reflect increases in neuronal activity (Letfal.,2011), andevels of oxyHb increase with
increased demand (lzzetogdtial.,2004).The imporance of measuring haemodynamic
response to tasks where subjects perform at a similar level behaviourally has been explored
previously in human operators (for example, air traffic control operataysz et al, 2012).
Such studies highlight the dissociation between cognitive effort and performance output,
arguing that performance can be maintained at necessary levels via increased mental effort or
perhaps strategic alterations. However increased mental workl@déso suggested to be
predictive of future performance failure (with increased demamaks&rchanges). Increases
in oxy-Hb are accepted as increases in cognitive effort despite behaviourally similar
performance, and can be used as an assessmentoédp® r s 0 abal.,2012). Yhis( Ay a z
is an interesting distinction to makas in previoustudiesneurological disorders are coupled
with task performance deficits and retlans in oxyHb (Ehlis et al, 2009. However given
that the current sample does not suffer from neurological impairment it is not apopri
compare results from this sample with those idlisgisuch as thabnducted by Ehlist al.

(2008. The explanation ahcreasg cognitive effort tomaintainsimilar behavioural
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performance is more applicable and may reflect recruitment of additional cognitive resources

compared to controls armtedict future cognitivelecline.

The posthoc statistical comparisons of means for the dedlxyglata in this chapter
were assessed at the 2 tailed leVais is becaus# is suggested that during neurovascular
coupling increases in cerebral blood flow and cerebral blood velara caused by
reductions in local glucose and oxygen due to increased consumption of these from the local
capillarybed (rani et al, 2007) Thusincreases in oxygenated haemoglobin delivery will
outweigh consumption leading to an excess of oxygenated haemoglobin in the activated area
(Foxet al, 1988) The excess of oxib is argued to cause deases in dexy-Hb, however
this has been the subject of much debate, as equallyasesrén deoxyHb may be observed
in the capillary bed due to increased oxygen consumption @tahi,2007) Previous
research has suggestédtincreassin oxy-Hb areoften canplimental by a deagase in
deoxyHb in the same are&llis et al.,2008; Leffet al, 2008) However oxygenated and
deoxygenated haemoglobin do not necessarily have a linear relationship, rather they are
separate sources of haemodynamic respénsthermore several studies have shown
increases in deoxyb alongsidancreases itoxy-Hb (Hoshi & Tamura, 1993; Sakataet al.,
1999. As such deoxyHb appears to be a less reliable measure of neuronal taativiaan
oxy-Hb in fNIRS.Neverthelesshes results are better understood as an increase in total
haemoglobin to the areas of the prefrontal cortex that are involved in this executive function,
given that totaHb is understood to be the sum of etlp and deoxyHb (Steinbrinket al,

2006).

To summarise results from Chapter 7, there is evidence from fNIRS that ecstasy users
are engaged in more effortful cognition indexed byeases in oxyHb to areas of the

prefrontal cortexn letterupdating (V12 in the right medial PFC) and spatial updating (V8
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left medial PFC). Ineases in neuronal activatioeflect a compensatory mechanism due to
degradation of 5SHT neurons in the PFC via MDMgeuFurthermore this may prediature
cognitive failure with increasig task demands. This is in limgth our predictionsand
supportgrevious research suggesting that ecstasy users show performance deficits in
updating (Montgomery & Fisk, 200& ontgomery, Fisk, Newcombe & Murphy, 2005
Moreover, these results are consisternth neural activation changéisathave been observed
in ecgasy users during memory updatiiagksin fMRI studies that are suggested to reflect
MDMA -induced narotoxicity (Daumann, Fimnet al.,2003; Daumann, $aitker et al.,

2003; Daumann, Fischermann, Hesdnet al, 2004).

Chapter 8nvestigated the effects of ecstasy/MDMA the haemodynamic response
to the remaining executive functions tkaagre not covered in Chapter 7; inhibition, switching
and access. Ecstagsers were compared to a recsasy control groupldérgely of drug
naive participan)on performance of RLG, numb#atter task and CWFT and their
haemodynamic response was assessed using fNHSecstasy users in this sample did not
differ significantly from controls in fluid intelligence, sleep measures or levels of arousal,
depression or anxiety. However, they did report drinking significantly more alcohol per week
than controls and due to their concomitant use of other drugs, it may be morgatequa

refer to them as polydrug users.

As in previous chaptefsehavioural data did not yield any significant differences at
any lkevel of any of the tasks usddowever,as predicte@cstasy users did display alterations
to neuronal activation on all three tasks used, which is consistent with findings from Chapter
6. Typically ecstasy users displayedremses in oxyHb compared to controls that refte

increases in effortful cognitg which is in line with findings from Chapter 7. Furthermore
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increases in deoxyb were again observed in ecstasy users relative to controls during the

RLG task and the CWET

Inhibitory control was measured usiR@§.G andanalysis of fNIRS data during this
task revealed that on the easier level of the task (generation rate of 4s), ecstasy users showed
significant increases in oxyHb at one voxe(V10) in the right medial PFC and one voxel that
was approaching significance in the left DLP§Q). However dexy-Hb wasalso increased
in ecstasy users relative to controls at several voxels relating the left DLPFC and the right
DLPFC. When dficulty was increased (2 second ragestronger haemodgmic response
wasobsrved in the ecstasy user groupcreaseddvek of oxy-Hb were observedh V4
relating to the left DLPFCandV10 andV12 relating to théinferior) right medialPFC
compared to contral#\ furthertwo voxels V1 andV14) also approached significance.
Significanly more deoxyHb was observeth six voxelsin ecstasy users compared to
controls,covering the spectrum of the PFThis marked increase in significantly different
voxels, suggest that neuronal activation is increasing as a function of diffisgéin in the
most difficult block ofthe task (generation rate of 1s) ecstasy users disglaificant
increases in oxyHb at twovoxelsV12 (located on the inferior part on the right medial PFC)
and V14 (elating to the right DLPFX; with a third(V13) approaching significanc&his was
aless pronounced difference than at the two secondh@atgsverthere was an increase in
the number of voxels showingdreased deoxiAb (a total of 8 voxels, primarily relating to
the left DLPFC and right DLPFC, with a furth®ro approaching significang@his shows a
general increase in neuronal activity at this,riéit@e consider that the total amount of
haemoglobin to the prefrontal cortex appeincreased. Th&upports the exigmg evidence
that suggestscstasy users are more greatly affected when greater cognitive load is placed

upon them(Wareinget al., 200Q Montgomery, Fisk, Newcombe & Murphg005.
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The increase in neuronal activation observed in this inhibitory controlgdmslateral
and suggststhat ecstasy polydrug users find this task more difficult tharusens Meta-
analysis of neuroimaging dadaringcognitive functons suggest a network of PFC regions
are regularly activencluding bilateral activation of the DLPFC, inferior frontaktex and
anterior cingulate cortefDuncan & Owen, 2000)nterestingly, a review ofesion sudies
(Aron et al, 2004), suggested that although tie#work of PFC areas describailove is
necessary for inhibitory control, the right inferior frontal coiteaf particular importance in
this function This is consistent with the current results that observe censysincreased
oxy-Hb in inferior voxels relating to the right di¢ PFC (V10 and V12), for ecstasy usé#rs.
MDMA damages SHT neurons, which are abundant in the PFC, it is logical that these areas
that are necessary for performing executive tasks would require additional resources, or
would show increased activationa$unction of increased demaridisis further support
for the argument that ecstasy users are recruiting additional resources to perform at a similar
level as controlen the task. This supponmtssults from the ERP data on inhibition from
Chapter6 (Rabertset al, 2013a), whiclsuggests atypical processjuigspite equivalent
behavoural performance.fiese results amsoin agreementvith those of Roberts and
Garavan (2010), who observed that ecstasy users displayed increased frontal and temporal
BOLD activation compared to controls durin@a/NoGo task, in an fMRI studivorganet
al. (2006) suggested that depletion of serotonin and impairment of other executive functions
may lead to poor inhibitory control. Taken together these results potengitdigt evidence
of MDMA related serotongic neurotoxicity. Theegreseon analysesn the present dataset
showed that last 30 day use significapttgdicted oxyHb increase in voxels 12 and 14
during the one second rate of the tafker controlling fo cannabis use indiceghis is
indicative of recency of MDMA use havingplications for inhibitory controlindeed Hoshi

et al.(2007)observedmpaired inhibitory control in ecstasy users which they suggest is
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related to recency of use, given that cotnesers were impaired, but former users were not. It
is suggested that abstention may lead to recovery of this funEtithermorelast 30 day
usealso predicted P2 amplitude during the Go/NoGo task in Chapter 6, this provides further

evidence that recency of use may be an important factor for inhibitory control.

In the first switching block of the numbéatter taskecstasy users displage
significantly more oxyHb than drug naive controls in voxekélating to the left medid?FC.
Increases in oxyHb werealso approaching significance\# and V13 In the second block
ecstasy users showattreased oxyHb compared to controls that was approaching
significance at V5 again. There were no significant differeircése deoxyHb data
Nevertheless, significant ineases in oxyHb againsuggest that ecstasy users are engaging in
more effortful cognitiorduring mental set switchintpan norusers The ircrease iroxy-Hb,
typically inthe leftmedial PFC reflects recruitment of additional resources to attenuate
performance deficits. This is castent with our predictions, arfthdings of atypical
processing during this task in Chapter 6 (Btdet al.,2013cin pres$. This reflects an
increase in cognitive effort at the same level of performance that may predict future cognitive
failures (Ayazet al, 2012). Interestingly, the regression analysisdcmted on oxyHb
increase at V5, showed that lifetime dose of cannabis signifigar@tiicted oxyHb increase.
Furthermore none of the ecstasy use indices predmtetiof oxyHb after contrding for
cannabis use indiceshis is particularly salient, given the obseavcontribution of cannabis
to the diminished P3 response during this executive function in Cha@aftérs and Hoshi
(2004) have previously highlighted the contribution of cannabis to memory performance in
MDMA users. However work from the same lab {iees 2006), suggested that MDMA users
(who also used cannabis) were impaired in switching performance compared to cannabis only
users and drug naive control$ie contribution of cannabis to the ritswn switching in this

thesishighlight the importancef understanding potential drug interactions that may affect
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cognition. It is advised that the results here are treated with caution and are described as
polydrug effects due to the concomitant use of other drugs. However the interaction between

MDMA use and cannabis use appears to be particularly salient in relation to task switching.

fNIRS analysis during the CWFT (access) yielded some interestingstesult
predicted ecstasy users displayed incsea in oxyHb compared to controls in thrgexels
relating to the left DLPFC as well as one voxel relating to the right medial PFC on what is
considered to be the easiest level of difficulty on the task rgaamimals)As difficulty
increased, ecstasy users displayed a significantly greatease in oxyHb relative to
controls at twosoxels and a thirdapproaching significance relating the left DLPFC and a
further twovoxels relating to the right medial PFC. This increase in oxygenation is
complimentedby an increase in deoxytb compared to controls at (and V4 thawas
approaching significancé) the left DLPFC and V14 in the right DLPFC that was
approaching signiéance. In the final and most difficult phase of the task (4 letter words
beginning with C) ecstasy users disgdgignificant inceases in oxy1b compared to
controls at thregoxels(and a further 1 voxel approaching significanibet pertain to the

left DLPFC and twovoxels relating to the right medial PFC.

Thus ecstasy users show consistently increlesedis of oxyHb in the LDLPFC and
RPFC regions during the access executive function. Moreover the haemodynamic response to
the task increasesith task difficulty, with ecstasy users displaying more significant
differences in oxyHb in more voxels as the tapkogresses. This suppopgevious
arguments that ecstasy users perform worse as cognitive demand indh\asasget al,
2000. Furthe to this point Montgomery, Fisk, Newcombe and Murg®05) observed that
ecstasy users perform worse in word fluency tasks as more rules aredngsoadunction of

difficulty. Although the current task elicited no behaviouraledénces, oxyHb differences
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were more pronounced as a function ofidiffty, suggesting that, in agreement with
Montgomery, Fisk, Newcombe and Murp{8005) ecstasy users are showing a greater
departire from normal cognitive functioning as difficulty increases. This highlights the
greater sensitivity of neurophysiological measures to detect cognitiarment.

Compensatory mechanisms may explain the lack of behavioural differences obsarged usi
this task in the literaturdBgdi & Redman, 2008; Halpeet al.,2004; Morgaret al, 2002).
Especially if we consider that these studies, employed simpler word fluency measures, than
those yielding performaecdifferencesNlontgomery Fisk, Newcombe & Murpig, 2005;
Montgomeryet al, 2007). Moreover Montgomery, Fisk, Newcombe and Mur(#605)

used a much longer time frame than the task employed in this thesis (and those in the studies
mentioned aboveguggesting that longer periods of sustained load oodhial executive
produce more proounced effects. This is consistenth the current findings, as has been
previously stated, the increased neuronal activity that reflects increased cognitive effort to
attain equivalent performance, potentially prediatare failure with increasing task demand

(Ayazet al.,2012).

Increases in oxyHb to both the I& and right hemispheregflect the need for more
cognitive resources to attenuate behavioural performance decline and that this effect is
bilateral.lt is interesting to note this consistancrease in oxy4b in the left DLPFC and
right medial PFC over all thrdevels of CWFT as these areas have been implicated in
sematic and word fluency previoushbtusset al.(1998) observed that in patienti#th brain
lesions, thoséo the left DLPFC caused the most severe impairments on letter based word
fluency measures. The same lesion sites produced impairments in category based fluency, but
so did lesions to right medial and DLPFC regidndeed the left infeor frontal gyrus, has
been consistently associated with semantic and phonologic processing in functional

neuroimaging studieCostdredaet al.,2006) so it is interesting that these areas should
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show the greatest differences in therdvluency task in this thesi$hese areas appear to be
working much harder in ecstasy users compared to controls to achieve garfiteamance.
Likewise,Rajet al. (2010) observed thacstasy users dispkgcognitive processing
aberrations that relate to areas of the DLEIE€Gng semantic recognition, despite equivalent
task performancgen an fMRI study, that is broadly consistent with gresent findings. This
potentially reflects MDMA induced neurotoxicityrhe results from this study were in line
with our predictionss well as our interpretation of the results fréhapter 6 with ERP
correlates of semantic retriey@&obertset al.,2013h). Furthermore regression analgse
suggested that frequency of use and lifetime dose of eqetdigted oxyHb levels after

controlling for cannabis use indices at voxels (V3 and V4) relating to the left DLPFC.

Due to ecstasy using populations invarialding other recreational drugs, as well as
drinking significantly more alcohol than controls on weekly estimates, it cannot be ruled out
that other drugs, or alcohol or concomitant use of substances with ecstasy are not responsible
for the effects observad this study. Nevertheless the ecstasy using sample did show a
differential pattern of PFC activation on the CWFT and RLG compared toigsens, which
is indicativeof cognitive impairment in ecstasy using populations. $hidy provides
evidence of atyjgal executive functioning in ecstasy users compared to controls on tasks
relating to the executive functions of mental set switching,sscaed inhibitory control. All
threetasks invoke an increased haemodynamic response in ecstasy users thatakibilater
the prefrontal cortex. These results show that ecstasy users are engaged in more effortful
cognition than notusers to achieve equivalgmgrformance. This is indicativad recruitment
of additional cognitive resources in the prefrontal cortex, andgps predictive of future

cognitive decline.
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Chapters 6, 7 and 8 provide evidence of altered cognitive processing in ecstasy users
relative to controls during executive functioning tasks that reflect compensatory mechanisms.
As previausly noted in thishesisdifferences in activation observed from neuroimaging
measuresdespite equivalent performanilectthe increased sensitivity of neuroimaging
techniques to detect cognitive deficits than behavioural measures alone. Indeed, information
provided n this thesis may help explain the inconsistency in results fremous
behaviouraktudies in this ared his point is interesting to consider as the executive
functioning tasks in this thesis yielded no behavioural differences between ecstasy users and
controls throughout. This is not surprising givaattthe tasks used in this theaisrelatively
simple tasks of exeawe function anchave been inconsistent in producing behavioural

effects in the literature.

There is however, a wealth of literatummeother areas ahemory andccognition that
show ecstasy relatguerformancalifferences particularlywith tasks that involve higher
cognitive processing and mental reasonkay.exampleMcCannet al.(1999)observed
ecstasy users to perform worse than controls in the Logical Reasoning task (correctly
identifying statements that accurately desctibasformational grammar, from active/passive,
positive/negative statements), yet performance on several simpler cega#ks was
equivalent. These results lead the authors to suggesictasy related alterations to
cognitive function are quite subtle and are only detected on sensitive tasks that place high
demand on the central executidontgomery, Fisk, Newcomb#&yareing and Murphy
(2005) observed MDMA users to be significantly impaired in syllogistic reasoning relative to
controls.Syllogistic reasoning involves participants drawing inferences from a set of
premises. Reasoning is suggested to be the most cobgndamanding of all intellectual
abilities and requires operation of working memory proce@destgomery, Fisk,

Newcombe, Wareing & Murphy, 2005). Therefore consistency in these medksatese
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more demanding than simpler executive measures, yieddisigsy related performance
differences may be expected. Indeledk et al (2005) observed reasoning deficits in ecstasy
users relative to controls, particularly when problems are more difficult. These studies offer
consistent MDMA related difficultieiithinking and reasoning, that Figkal.(2005)

conclude is a result of working memory limitations.

Immediate and delayed recalldizeen investigated extensively in ecstasy ugeady
reports showed differences between ecstasy users (novice arat tesgus) and controls, in
both immediate and delayed memory that suggest performance deficits in ecstasy users
(Parrottet al.,1998). However, this study was criticised for not reporting use of other illicit
drugs (Parrott, 2000). THeivermead Behavioat Memory Task(RBMT) was used to
investigate immediate and delayed memory in ecstasy users, polydrug controls and drug
naive controldy Morgan (1999)This task requires a passage of prose to be remembered and
to be recalled as accurately as possibdnediately and then again-80 minutes laterThis
study observed that ecstasy users recalled significantly less prose than both control groups in
both immediate and delayed recall conditions. Morgan (1999) ssgljastmpaired recall
performance may be an early sign of global, age related cognitive impaiduerto SHT
function declining with age. Qe autholargues that ecstasy use may lead to exacerbation of
cognitive ageingSimilarly, Morgan (2002) observeztstasy users (current and former) to be
impaired in recall on the RBMT, patrticularly in the delayed recaitidamn compared to
nonuser controlsThe results fronthis study suggest that ecstasy has protracted
neuropsychological impairment, due to abstice not reversing recall deficifslongitudinal
study by Zakzanist al (2003) suggested that continued ecstasy use was associated with
progressive decline in immediate and delayed releatthermore, after observing ecstasy

usergperformng poorly in immediate and delayed recall, McCarellal.(2004) posit that
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ecstasy users have problems coding information into long term memory and are less able to

focus attention on complex tasks.

Studies into declarative memory haaisofrequently observed ecstasy related
deficits. Measures of O6éeverydayd memory, I
do something in the futur@ppear to have consistent impairment following regular ecstasy
use (Heffernamt al.,2001; Zakzaniet al, 2003). Prospective memory is understood to be
underpinned by centraxecutive resources. ddsures of prospective memory produce more
consistent evidence of behavioural defititan simple executive task®erhaps, such robust
impairmentbehavioually in declarative memoryhigher cognitive processing and mental
reasoning reflect how ecstasy related deficits are more apparent when greater demand is
placed on the central executive. This is consistent with findings from fNIRS data in Chapter
which suggests haemodynamic response is greaten tals& difficulty increases, as well as
other studies that have obsengsdater ecstasy related performance dsfa# difficulty
increases (Momgiomey, Fisk, Newcombe & Murphy, 2005; Wareirgal.,2000).
Furthermoresuch behavioural tests as those mentioned above are markedly more complex
than the relatively simple executive tasks employed throughout this thesis, which may
explain the lack of performance deficits in the cursamhple. With thisn mind, t may be
interesting to observe neurophysiological correlates from fNIRS and EEG in future research

of these more complex measures of cognitive processing.

McCannet al.(1999) observed that cognitive function differences betveestasy
users andhonusers are quite subtle, and performance differences are only observed in tasks
that are more sensitive than those used in this thesis. However, they argue that this may lead
users to unwittingly continue MDMA useblivious to potential cumulative dage.lt is

also suggested that difficulties may become manifest with aging and diminished neuronal
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reserve. Indeedwdies from the clinical literature into ageing and dementia may aid the

current understanding of the implications of the effects of ineteasgnitive loadFor

examplejt has been reported thedrly prefrontal connectivity abnormalities are modulated

by cognitive demand i n pr e etthu2008) Furthdrmared s di s e
impairment in verbal memory and executive function are associated with the development of
dementia in those wi ethal, 2@)yMoreaver studiéssntod i sease (
cognitive ageing and prospective memory suggest that-basetd ppspective memory tasks

that require greater cogniticeemand producsignificantly larger age effects than event

based prospective memory tasks that rely on more automatic prod¢éssgset al.,2004)

Taken together the results from the current thidsissuggest that ecstasy users are engaged

in more effortful cognition to perform at similar levels to controls, and that this can be

modulated as a function of cognitive load, suggest that ecstasy use may exacerbate cognitive

ageing.

Chapter 9nvestigaed the effects of ecstasy usermuroendocrine function and
neurohormonal response to stress, using a multitasking stressor task. Performance on the task
and thehaemodynamic response wassessed, between ecstasy users, polydrug controls and
drug naive controlA diurnd cortisol profile was obtainefilom salivary cortisol samples
over a two day period, as well as pre and post streBserecstasy users in this study did not
differ signficantly from controls on background variables such as perceived stress, fluid
intelligence or age. Nor did they differ significantly on any of the individual components that
made up the muHliiasking stressor taskh&re werealsono significant betweegroup
differences on perceived workload as measured by the NASA TLX. There were however
differences on subscales of the SAI VAS, indicating that ecstasy users felt less calm than both

other groups overall and less relaxed than drug naive controls. Fuothasio be expected
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all groups showed decrease in worry post taglnalysis of the HADS showed no

significant differences between groupsstates of anxiety or depression

Despite an absence of between group differences on behavioural measuréR$he fN
data revealed several significant differences that are worthy of discussion. Ecstasy users
displayed a significant rextion in oxyHb comparedo both polydrug users and drug naive
controlsat voxel 14 At voxek 2 and 16 ecstasy users had signifintly less oxyHb relative
to drug naive contis. As such the resulisfer reduced activation of threght dorsolateral
prefrontal cortex in ecstasy users compared tb bontrol groupsPolydrug users displayed
significant incrases in deoxydb comparedo ecstasyisers at voxels 2 and ad to both
ecstasy userand drug naive controls at VVIIhe results from the fNIRS data are contrary to
expectation and are also in opposition to those observed from fNIRS data in Chapters 7 and 8.
Although redationsin oxy-Hb have been associated with cognitive impairment in fNIRS
studies previouslyg(g Ehliset al, 2008 Herrmanret al, 2009, these are usually coupled
with task performance deficits. As the ecstasy user group in this experiment performed to
similar levels to controls, and given the interpretation of fNIRS results from Chapter 7 and 8,

this does not seem an adequate explanation of the fNIRS results durirtpskittg.

One possible explanation for these findings could be that the individuslthegk
comprise the mukiasking paradigm are not executive tasks@grthaps do not load on the
PFC.Indeed two of the component kasare visual monitoring tasks, which may induce more
activation of the visual cortex in the occipital loburoimagingstudies that have attempted
to define the neural substrates of mental arithmetic, suggest a widespread network of
activation that includes activation of the lateral prefrontal cortex, cingulate cortex, occipital
cortex and of particular salience the paiieortex(Konget al, 2005) Indeed Grabnest al.

(2007)obseved that activation in the parietal cortex (particularly the left angular gyrus)
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predicts mathematical competence using fMRI. Although the prefrontal cortex does appear to
play a role in matheatical calculation (Burbauelt al, 1995) it is reported to lie in a circuit
involving bilateral intraparietal, prefrontal and anteriorguilate components (Chbonet al.,

1999) The final component of the muttsking franework is a Stroop task which measures
inhibition (see Chapter 3.2.2). Potentially the diversftthe tasks used would require
widespread neuronal network actieat this may leacecstasy ugs to reallocateesources to

other brain regions that this task requires that are not measured by prefrontal fNIRS. If this is
the case it may be possible thaeduction in oxyHb to thePFC reflects cognitive decline.

For examplewhen resources are reallocated to other regitvesPFCshows a deficit in

activaton due to exhausted resourddswever if this were the case it may be expected that
performance othe subcomponent of the Stroop task would decline, which is not theéScase.
the results are difficult tonterpretin terms of our hypothesislowever, it isnoteworthy that
7ofhe 8 parti ci p axcludeddrondanalyais of thesStroopkasadele, due

to incorrect interpretation of instructions wedrug users (4 ecstasy uselishas been

observed previously that ecstasy users make more errors when completing a web based
guestionnaireompared tmther drug users and drug naive cont(Blsdgerset al, 2003)
Therefore it is possible that there are deficits in the processing of instructional information

associated with ecstasy use.

The results from analysis of salivary cortisol were more in line with our hypotheses. It
was observed that ecstasy users displayed significant increases in cortisol levels compared to
bothother groups at time three of day arfeéhe cortisol profiling protoal. Furthermore they
exhibited greater cortisol upon waking (time 1) on dayafrtbe cortisbprofile compared to
polydrugcontrols.These results reflect that ecstasy users show elevated basal cortisol levels
compared tdealthy controls, suggesting that MDMA use has adverse etfedtee HPA

axis. This is in agreementith previous reports of acute, on drug elevation of cortisol level in

275



ecstasy users (Parrettal, 2008), as well as longer lasting basal increaselaama cortisol

secretion observed in ecstasy users (Gsred,2003). Gerraet al, (2003) report a blunted

cortisol response to stress in ecstasy users comparative to controls from plasma cortisol levels,

the results from post task salivary cortisohlgsis in our sample suggest that the current

sample had steadily declining cortisol levels throughout the day. Perhaps thtasikity

framework used in this thesis was not sufficiently stressful to observe elevated cortisol levels

post task Alternatively, perhaps the HRAxis becomes exhaustetlie to high basal levels of
cortisol,and as such appears unresponsive to experimental strdsssris.a potential
explanation of the current findings that is in concordance with suggestions byeGarra
(2003).In summary it appears that ecstasy users display increases in basal salivary cortisol
levels, which reflects damage to the integrity of the HiX#s.Repeated doses of theute
metabolic stressor MDMA (Parrott, 2006; Pareital, 2008) hyperstimulation (from

crowding, intense lighting, heat) and prolonged physical activity (dancing), may have
cumulative effects, resulting in chrorb@energetiaistress (Parrott, 2006; Parrott, 2009).
Such effects may lead to long lasting alteratimnseuroendocrine function, which is

potentially whais being observed in the current ecstasy using sample.

Limitations:

Unli ke the relatively Apur eo HMi@Maialuser
(2004 & 2011)the estasy user groups in this thesis tended to take several otheii dnugs
particular cannabis. Although attempts to control for this have been made with the amfdition
a polydrug control group in three out of the fexperimental chapters, it was apparent that
the ecstsy user group generally smokadre cannabis antbnsumed moreocaine than
polydrug users in each caddis is problematic for our results as cocaine has been shown to

have strong associatiomnsth deficits in inhibitory control (Fillmore &Rush, 2002 As such
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any observed differences could still be attributed to the use of these other drugs, or indeed a
synergistic effect of concomitant use of other drégsthermorein Chapter 6 there were 9
participants in the ecstasy user group who reported using ketamthe last 30 dayshis is
potentially problematic forhie interpretation of theesults given the association between
ketamine use and executive function deficits in humans (for a revieMagan & Curran,
2009. Specifically,switching has been shown to be impaired in animals with ketamine
exposure $tod & Snyder, 2006). The polydrug control grosipowed a diminished P3
response compared tdrugnaivecontrols in several sites in the switching taakp in the
semantic association taskstasy users, although showing greaggativities in the N2 in the
low association conditioaf the task, compared to drug naive confneksre not sigrficantly
different to polydrug controldRegression analysegere conductetb try and control for
cannabis use (as this was the primarused substaecin the ecstasy using samples).
However statistical analysis andlpdrug control groups cannot accédior potentially

additive effects that concurrent drug use may hBgehaps it would be more accurate to call
theobsere d ef f ect s A ohithysihmind it card alse rottbs raled out that
premorbid factors do not predict drug use, and that such factors (for example differences in
sensation seeking) contribute to the obsediffdrences in the present thesis. In addition, the
selfreportng of psychological state is potentially problematic and in future research, a
structured psychiatric assessment may be more approfiddigcco use was also not
cortrolled for in this thesisthere has been previous research to suggest that tobaccagmoki
has areffecton EEG measuress{lbertet al.,2004;lllan & Polich, 200). In particular
abstinence from tobacco is associated wéHormance and activity decline that can last for
up to 31 days (Gilbest al, 2004). However, sakers were permitted to smoke tobacco on
the day of testing so this is unlikely to have affected the results reported hemguasi

experimental design employ@tdeach studywlso means it cannot be ruled dhat the
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differences observeare not the rasgt of factors otler than drug use. Attempts have been
madeto control for many of these suchsdsep patterns, sleepinefigjd intelligence, age,

state mood and residual intoxication of drugsmost cases there were between group
differences on thse measures. However in Chapter 7, ecstasy users were significantly older
than both control groups and also reported bslegpieithan drugnhaivecontrols prior to

testing. These factors were entered into the regression analyses for this chapter and did not
predict significant amounts of variance in haemodynassponsén any caseResidual
intoxication of alcohol was sefeport, but in futuretadies it would be advantageous to

verify this with a breathalyser to ensure no residual alcohol intoxic&elfreport measures

for background drug use are also problematic, however because of the legal status of the
drugs consumed, this remains thestappropriate measure of background drug use, and is
also the most commonly used in this area of resdg&het al, 2001;Montgomeryet

al.,2010). The purity of the tablets consumed by the current set of participants as well as the
strength of the&annabis being consumed is questionable. However, Parrott (2p@4)ed

that the purity of ecstasy tablets collected from amnesty bins in nightolthes UK is
approaching 100%-1owever if this is not the case then this raises additional concerns over
the magnitude of cognitive deficits incurred (Montgometral.,2010).Furthermore

although confirmation ofrig abstinence (apart from cannabis) was sought through
collecting urine samples from participants in every experiment, these have only been
analysed from the participants in Chapter 6. This is dtieetanalysis being performed at

NHS hospitals, and relyg on the time of our collaborator. Thasnfirmation of abstinence

from illicit drug use (apart from cannabis) for 7 days prior to testing, again relies upon self
report for Chapters B and 9. However many of the published research articles iartdas

do not report objective measaref drug use (Montgomery, Fisk, Newcombe & Murphy

2005;Fisk & Montgomery 2009; Burgesd al.,201J).
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Implications:

There are several implications from the research conducted in this thesis, firstly, the
neuroimagingesults suggest that ecstasy users are employing compensatory mechanisms to
make up for shortcomings in esutive functioningNeuronal activity aberrations are
suggestive of potential serotonergic neurotoxicity due to repeated pharmacological
interferene to the serotonin system by administration of MDMA. It has been suggested that
the evidence of compensatanechanismand increased effortful cognition predict future
failures. This is in line with the suggestion that MDMA use potegtetacerbates cogive
ageing.Furthermore the atypicalities in processing observed in this thesis also reflect
cognitive inflexibility. Theg havereal world impications ascognitive flexibility is a
desirable trait in evergay life. Serotonin is involved in the regtida of many
psychobiologicafunctions;as such degradation to the serotonin system from MDMAase
other psychobiological implications that stretch further than cognitive deficits. As already
shown in this thesis, MDMA use may have adverse effect®oroandocrine function.
Neurohormonal activation has a role in moderating immune responses. Indeed increased
basal cortisol levels reflect elevated levels of physiological stgegh physiological stress
can lead to exacerbation of infectious disease (Sapolsky, 1996). Furthermore pronounced and
sustained load on the HPaxis can increase incidence of depression (\Wéatrad, 2000).

Work related stress, along with anxiety and dspion accounted for the majority of sick

days from work taken i8011/2012Labour Force Survey for 2011/2012, HSEdeed

Connor (2004has already reported MDMAGs effects as
Therefoe findings of this thesis could be used for educational purposes and could inform
prospective users or individuals who have used ecstasy in thef plastpotential harms in

terms of neurohormonal changes and cognitive function alterations before catnsndef

use.
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The research from this thesis has implications for cognitive and psychobiological
healthandwelb e i n g . 't contributes to the existing
selective serotonergiteurotoxin;as such it can aid the current understanding and treatment
of drug related disorders involving HPA axis dysfunctiang cognitive decline.e results
are useful for health education and have potential use in harm reduction strategies and
interventionsér drug use disorders. This is of part
recent discussions about drug reclassification, informatiorigedun this thesis could prev
beneficial when assessing the relative harms of ecstasy for reclassificatiothendésuse

of Drugs Act (MDA).

Future Research:

There are a number of suggestions for future research that arise from the current thesis.
Firstly, in Chapters 6 and 8 it was observed that ecstasy users show differences to controls in
their neurophysiologial response to inhibition. In both cases there wgmaficant results
from regression analyses to suggest that recency of use may play ah@esiecutive
function. It wouldbe interesting to conduct research into this function with ecstasy haers t
have been abstinent from drug use for a reasonably long period of time, for example 12
months. Hoshet al.,(2007) conducted behavioural research into this area and observed
former users to be unimpaired compared to current users. Mergarf2002)alsocompared
former users to current users amhtrols,observing little performance differences. However
as has been shown in this thesis, neuroimaging techniques provide more sensitive measures
of impairment and greater information about the natusaiof impairments. Thus it would
be beneficial to observe former users performance on inhibitory control relative to current
users and controls in combination with fNIRS, EEG an&fMndeed Reneman, Lavalage

a. (2001) have r equrotoxic efféctstorhSERT mApld Aedessidter
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long periods of abstinencA multi-faceted neuroimaging approach combining several
methods with strict inclusion criteria for group assignment might help address the

contribution to prolonged abstineneethis function.

In the switching tasks in chapters 6 and 8, there is evidence to suggest that cannabis
may be an important factor atstasyrelatedneuronal activation differences for this function.
Indeed the contribution on drug use besides ecstadwag/s problematic for research in this
area. Few studies hatiee purity of the ecstasy usgmoup observed in Halpeetald6 s 2 00 4
and 2011 studies. Concomitant drug usat ieast partially controlled fan the literature
with the inclusion of nofecstasy polydrug users and various statistical controls. However,
ideally future research should concentrate on sampling techniques that recruit participants
that are ecstasy only users, cannabis only users etc. This may help aid the understanding of
the rdative contributions of each drug potential cognitive deficitd hat said, in the real
world environment of recreational drug use, where individuals are using ecstasy, it appears
that use is frequently coupled with-use of other drugs. As such theulés from studies
such as those in this thesis do offer validity in terms of understanding the nature of drug
interactions and the effects arising from drug use that is commonplace in recreational

environments.

The use of fNIRS in this thesis has beendfieral in aiding our understanding of
PFC activation in executive functioning tasks, and MDMA related changes to haemodynamic
responses in these ared®wever this technology in the currehesis las been limited to the
PFC only. hewhole headNIRS systems woulgrovide more information about
haemodynmnic response across the corté€kis may be advantageous for gaining information
about connections with other neural areas that may be ird/ohv@me working memory

tasks.Indeed this may provide moneformation that is necessary to understand the results
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from the multitasking neuronal response. To this end, it may also be beneficial to incorporate
fMRI into some of the @tocols in the current thesiNIRS is a valuable and upcoming

portable technolgy that is easy to set up and is more robust to noise and movement artefacts
than fMRI. However it does not have the spatial resolution to provide thenfarimiation

about specific neuronakeas showing activation during tasks across the whole brain tha

fMRI affords. fMRI has been employed in the past to obsecgtasyrelatedchanges to

neuronal activation during updating (Daumann, Fischermann dreait al, 2004),

inhibitory control (Robes & Garavan, 2010) an@msantic recognition (Rat al, 2010).

However, future research could use this technology with greater task specificity such as that
employed by Ragt al.(2010) and with control groups (including dmigive cannabis only,

former drug userghat may provide more complete assessroétite executive functions

used in all three of the aforementioned studies.

The interesting results that have been observed in this thesis from salivary cortisol
levds in ecstasy users also haape for future research. The long lasting effects of
biocenergeticstress on the HPA axis could be explored by conducting diurnal cortisol profiles
on participants who report taking ecstasy in environments with high levels of sensory
stimulation (hot environments, craimg, and intensdighting) and prolonged aeing, and

those who report taking the drug in more ambient environments with less physiological stress.

Although this thesis did attempt to control for a number of background factors that
may nfluence results iGitelligence, sleep, age gtat may be hat there are other individual
differences and lifestyle variables that have not been controlled for that may contribute to the
effects observed. Future research should aim to focus on protective faatbragghat
mentioned in the previoysaragraph)to observe whether these may be useful in reducing

harm when on drug. Regular breaks from dancing, adequate nutrition and more research into
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the effects of bingeing and higher nightly doses may lead future research to produce

neuroprotective strategies fdrug users.

Thesis Summary:

This thesis sought to evaluate the neurophysiological response to executive functions
in a sample of recreational ecstasy users. This was investigated using btighké& s ( 200 0)
conceptual framework of executive functioningh the additions made by Fisk and Sharp
(2004) with EEG and fNIRS. It was found that ecstasy users show atypical processing in ERP
components during inhibition, switching and access tasks that reflect cognitive
imparment/compensatory mechanisrisirthemore the haemodynamic response to each of
the four proposed executive functionasnaltered in ecstasy useeflecing increased
cognitive effort and recruitment of additional resources as a result of potential degradation to
the serotonin system via MDM#elated neurotoxicity. In most cases neuronal activation
charges appear to be due to ecstdfyweve cannabis use emerged as an important
predictor ofERP amplitude and oxygenated haemoglobin increase during switching. The
changes to neuronal activaticeflect compensatonpechanismseallocation of cognitive
resources to enable equivalent periance to controls in executive functioning as a whole
There is also evidence MDMA related alterations to HP/AXxis function, whereby
increased salivary cosol levels in ecstasy users from diurnal cortisol profiles reflect
elevated basal stress levelfie neurophysiological changes observed in this thesis suggest
that ecstasy is damaging to the human brain. This is likely to be a result of damage to the
saotonergic system. As such results from this thesis should be used to educate individuals

considering using ecstasy.
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Appendix 1

The table below shows results from regression analyses on voxels showing significant between group differences duringsthenRLG

Chapter 8Cannabis use indices and ecstasy use@sdare entered psedictors of oxyHb and deoxyHb increases from lsaine (umolar)

DV \Y R2 aR? F-change B SE b
Step 1
4s V10 oxy Cannabis frequency of use 0.12 0.03 1.29 0.22 0.26 0.20
Lifetime dose (cannabis) 0.00 0.00 -0.18
Last 30 days dose (cannabis) 0.01 0.02 0.09
4s V3 deoxy Cannabis frequency of use 0.06 -0.03 0.65 0.08 0.19 0.09
Lifetime dose (cannabis) 1.51 0.00 0.02
Last 30 days dose (cannabis) -0.01 0.01 -0.30
4s V4 deoxy Cannabis frequency of use 0.07 -0.13 0.34 0.07 0.56 0.06
Lifetime dosgcannabis) 0.00 0.00 0.46
Last 30 days dose (cannabis) -0.03 0.03 -0.79
4s V5 deoxy Cannabis frequency of use 0.10 0.03 1.31 0.19 0.18 0.22
Lifetime dose (cannabis) 1.94 0.00 0.03
Last 30 days dose (cannabis) -0.02 0.01 -0.47
4s V13 deoxy Cannabis frequency of use 0.09 0.01 1.16 0.15 0.20 0.16
Lifetime dose (cannabis) 0.00 0.00 0.19
Last 30 days dose (cannabis) -0.02 0.01 -0.48
4s V14 deoxy Cannabis frequency of use 0.50 -0.04 0.56 -0.10 0.19 -0.10
Lifetime dose (cannabis) 0.00 0.00 0.24
Last 30 days dose (cannabis) -0.02 0.01 -0.39
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4s V15 deoxy

4s V16 deoxy

2s V4 oxy

2s V10 oxy

2s V12 oxy

2s V14 oxy

2s V2 deoxy

2s V4 deoxy

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days doggannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

0.50

0.09

0.43

0.09

0.09

0.07

0.12

0.05

-0.04

0.00

0.30

-0.01

-0.01

-0.02

0.03

-0.15

0.56

1.05

3.47*

0.88

0.91

0.75

1.34

0.26

-0.27
0.00
-0.00

-0.08
0.00
-0.01

-0.40
0.00
0.01

0.24
-7.73
0.01

-0.09
6.04
0.01

0.04
0.00
0.01

0.04
8.30
-0.02

-0.02
0.00
-0.03

0.43
0.00
0.02

0.22
0.00
0.01

0.35
0.00
0.02

0.32
0.00
0.02

0.20
0.00
0.01

0.24
0.00
0.02

0.25
0.00
0.02

0.81
0.00
0.04

-0.21
0.19
-0.03

-0.08
0.36
-0.25

-0.50
0.59
0.39

0.18
-0.06
0.08

-0.10
0.08
0.23

0.04
0.15
0.10

0.04
0.09
-0.41

-0.01
0.50
-0.50
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2s V11 deoxy

2s V13 deoxy

2s V14 deoxy

2sV15 deoxy

1s V12 oxy

1s V14 oxy

1s V2 deoxy

1s V3 deoxy

Cannabidrequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

0.04

0.07

0.03

0.01

0.23

0.18

0.10

0.03

-0.12

-0.02

-0.07

-0.08

0.15

0.11

0.01

-0.05

0.24

0.82

0.28

0.11

2.90*

2.38

1.12

0.38

0.00
0.00
-0.04

0.23
0.00
-0.02

-0.01
0.00
-0.02

0.16
0.00
-0.02

0.07
0.00
0.02

0.11
0.00
0.01

-0.01
8.12
-0.01

0.11
-9.90
-0.01

0.41
0.00
0.03

0.27
0.00
0.02

0.21
0.00
0.01

0.93
0.00
0.04

0.19
0.00
0.01

0.21
0.00
0.01

0.20
0.00
0.01

0.21
0.00
0.01

0.00
0.32
-0.57

0.19
0.15
-0.37

-0.01
0.24
-0.31

0.06
0.06
-0.15

0.07
-0.17
0.39

0.11
0.16
0.21

-0.01
0.12
-0.34

0.12
-0.01
-0.16
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1s V4 deoxy Cannabis frequency of use 0.18 0.00 1.02 -0.52 0.57 -0.46
Lifetime dose (cannabis) 0.00 0.00 0.65
Last 30 days dose (cannabis) -0.00 0.03 -0.12
1s V5 deoxy Cannabis frequency of use 0.11 0.03 1.36 0.34 0.21 0.35
Lifetime dose (cannabis) 4.46 0.00 0.05
Last 30 days dose (cannabis) -0.02 0.01 -0.45
1s V11 deoxy Cannabis frequency of use 0.03 -0.13 0.21 0.01 0.33 0.01
Lifetime dose (cannabis) 0.00 0.00 0.29
Last 30 days dose (cannabis) -0.03 0.02 -0.56
1s V13 deoxy Cannabis frequency of use 0.07 -0.02 0.81 0.24 0.25 0.22
Lifetime dose (cannabis) 0.00 0.00 0.20
Last 30 days dose (cannabis) -0.02 0.02 -0.37
1s V14 deoxy Cannabis frequency of use 0.03 -0.06 0.34 -0.09 0.21 -0.09
Lifetime dose (cannabis) 0.00 0.00 0.38
Last 30 days dose (cannabis) -0.01 0.01 0.25
1s V15 deoxy Cannabis frequency of use 0.08 -0.01 0.87 -0.51 0.45 -0.37
Lifetime dose (cannabis) 0.00 0.00 0.20
Last 30 days dose (cannabis) 0.01 0.02 0.21
Step 2
4s V10 oxy Ecstasy frequency of use 0.21 0.02 0.91 -0.01 0.92 -0.00
Lifetime dose (tablets) 0.00 0.00 -0.07
Last 30 days dose (tablets) 0.20 0.15 0.31
4s V3 deoxy Ecstasy frequency of use 0.14 -0.03 0.99 0.16 0.69 0.05
Lifetime dose (tablets) 0.00 0.00 0.28
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4s V4 deoxy

4s V5 deoxy

4s V13 deoxy

4s V14deoxy

4s V15 deoxy

4s V16 deoxy

2s V4 oxy

2s V10 oxy

Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dosg(tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dosg(tablets)

0.34

0.19

0.16

0.44

0.09

0.16

0.53

0.12

-0.03

0.04

-0.00

0.32

-0.10

-0.01

0.28

-0.09

1.47

1.13

0.82

6.66**

0.38

0.07

0.84

0.36

0.08

-0.34
0.00
0.31

0.12
0.00
0.10

-0.03
0.00
0.13

-1.63
9.37
0.49

0.02
0.00
0.11

-0.45
0.00
0.19

-0.87
0.00
0.22

0.64
0.00

0.11

1.15
0.00
0.23

0.67
0.00
0.12

0.73
0.00
0.12

0.69
0.00
0.11

0.91
0.00
0.15

0.78
0.00
0.13

0.72
0.00
0.14

1.17
0.00

0.16

-0.10
0.38
0.50

0.04
0.25
0.20

-0.01
0.13
0.25

-0.42*
0.04
0.82**

0.00
0.10
0.18

-0.12
0.06
0.34

-0.36
0.12
0.47

0.13
-0.13
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2s V12 oxy

2s V14 oxy

2s V2 deoxy

2s V4 deoxy

2s V11 deoxy

2s V13 deoxy

2s V14 deoxy

2s V15 deoxy

Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)

0.19

0.14

0.18

0.24

0.27

0.10

0.25

0.02

0.00

-0.04

-0.00

-0.18

-0.03

-0.07

0.10

-0.18

1.12

0.84

0.70

0.87

1.55

0.37

2.92

0.12

0.06

-0.39
1.47
0.21

-0.41
0.00
0.20

-0.06
0.00
0.12

0.06
0.00
0.29

3.12
0.00
0.05

-0.04
0.00
0.11

-1.31
9.77
0.36

0.11
0.00

0.19

0.74
0.00
0.12

0.88
0.00
0.14

0.91
0.00
0.15

1.66
0.00
0.33

2.63
0.00
0.25

0.98
0.00
0.16

0.76
0.00
0.12

1.95
0.00

0.08

-0.12
-0.01
0.40

-0.10
-0.16
0.32

-0.01
0.24
0.19

0.01
0.30
0.36

0.36
0.31
0.06

-0.01
0.13
0.16

-0.35
0.04
0.62**

0.01
0.08
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1s V12 oxy

1s V14 oxy

1s V2 deoxy

1s V3 deoxy

1s V4 deoxy

1s V5 deoxy

1s V11 deoxy

1s V13 deoxy

Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)

Last 30 days dose (tablets)
Ecstasy frequency of use
Lifetime dose (tablets)

Last 30 days dose (tablets)

0.39

0.34

0.12

0.09

0.39

0.15

0.29

0.11

0.25

0.20

-0.07

-0.09

0.05

-0.02

0.01

-0.07

2.25

2.28*

0.22

0.66

1.24

0.50

1.80

0.46

0.10

-0.93
6.03
0.28

-1.06
0.00
0.30

0.07
0.00
0.02

-0.02
0.00
0.06

0.00
0.00
0.24

-0.14
0.00
0.10

1.94
0.00
0.07
-0.23
0.00
0.15

0.31

0.67
0.00
0.11

0.76
0.00
0.12

0.73
0.00
0.12

0.77
0.00
0.12

1.16
0.00
0.23

0.78
0.00
0.12

2.08
0.00
0.20
0.91
0.00
0.15

0.08

-0.27
0.03
0.52*

-0.27
-0.19
0.49*

0.02
0.18
0.04

-0.01
0.29
0.11

0.00
0.34
0.37

-0.04
0.17
0.18

0.28
0.40
0.11
-0.06
0.09
0.23
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1s V14 deoxy Ecstasy frequency of use 0.31 0.16
Lifetime dose (tablets)
Last 30 days dose (tablets)

1s V15 deoxy Ecstasy frequency of use 0.11 -0.07
Lifetime dose (tablets)
Last 30 days dose (tablets)

3.85

0.40

-1.44
0.00
0.42

0.11
0.00
0.11

0.77
0.00
0.12

0.95
0.00
0.15

-0.37
-0.09
0.69**

0.03
0.07
0.17

*Indicates significance at the .05 level, and ** at the .01 level.
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Appendix 2

The table belovehows results from regression analyses on voxels showing signbfetaveergroup differences during the CWHT Chapter 8.

Cannabis use indices and ecstasy use indices are entered as predictotdtbngydeoxyHb increases from baseline (umolar).

DV \Y R2 aR? F-change B SE b
Step 1
V2 animalsoxy Cannabis frequency of use 0.02 -0.07 0.22 0.17 0.27 0.14
Lifetime dose (cannabis) 0.00 0.00 -0.11
Last 30 days dose (cannabis) -0.01 0.02 -0.08
V3 animalsoxy Cannabidrequency of use 0.10 0.02 1.28 0.37 0.18 0.40
Lifetime dose (cannabis) 0.00 0.00 -0.29
Last 30 days dose (cannabis) -0.01 0.01 -0.19
V4 animalsoxy Cannabis frequency of use 0.13 -0.03 0.80 -0.05 0.49 -0.04
Lifetime dose (cannabis) 0.00 0.00 0.54
Last 30 days dose (cannabis) -0.02 0.02 -0.38
V10 animalsoxy Cannabis frequency of use 0.15 0.06 1.70 0.47 0.34 0.32
Lifetime dose (cannabis) 0.00 0.00 0.36
Last 30 days dose (cannabis) -0.04 0.03 -0.55
V2 animalsdeoxy Cannabis frequency of use 0.03 -0.05 0.35 0.06 0.25 0.05
Lifetime dose (cannabis) 0.00 0.00 -0.14
Last 30 days dose (cannabis) -0.00 0.02 -0.01
V2 @ Sooxwo r Cannabis frequency of use 0.01 -0.07 0.16 0.00 0.28 0.00
Lifetime dose (cannabis) -4.06 0.00 -0.04
Last 30 days dose (cannabis) -0.00 0.02 -0.02
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V4

V10

V12

V2

V2

V3

V4

V10

i S 6 oxyv 0 r Cannabis frequency of use

=]

=]

=]

=]

1)

S oXyw @

=]

S oxXyw @

S 0 deoxy r

Cooxwor

Cooxwor

Cooxwor

fi C doxyw @

Lifetime dose (cannabis)
Last 30 days doggannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabidrequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dosg(cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30 days dose (cannabis)

Cannabis frequency of use
Lifetime dose (cannabis)
Last 30days dose (cannabis)

0.31

0.13

0.30

0.03

0.03

0.03

0.27

0.08

0.18

0.04

0.23

-0.05

-0.06

-0.06

0.14

-0.02

2.35

1.48

4.31**

0.35

0.32

0.33

2.01

0.84

-0.34
0.00
-0.02

0.45
0.00
-0.03

0.42
0.00
0.03

-0.11
0.00
0.00

-0.08
8.30
-0.01

0.01
-1.41
-0.00

0.38
0.00
-0.06

0.32
0.00
-0.03

0.48
0.00
0.02

0.31
0.00
0.03

0.28
0.00
0.02

0.31
0.00
0.02

0.28
0.00
0.02

0.20
0.00
0.01

0.54
0.00
0.03

0.35
0.00
0.03

-0.29
0.91*
-0.47

0.33
0.30
-0.46

0.32
-0.42
0.44

-0.08
-0.15
0.04

-0.07
0.08
-0.09

0.01
-0.02
-0.05

0.31
0.94*
-1.17*

0.22
0.26
-0.36
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V12 f Cooxyw a Cannabis frequency of use 0.21 0.13 2.71 0.26 0.27 0.21
Lifetime dose (cannabis) 0.00 0.00 -0.18
Last 30 days dose (cannabis) 0.02 0.02 0.34
Step 2
V2 animalsoxy Ecstasy frequency of use 0.12 -0.04 1.29 1.64 0.98 0.36
Lifetime dose (te0.blets) 0.00 0.00 0.21
Last 30 days dose (tablets) -0.16 0.16 -0.23
V3 animalsoxy Ecstasy frequency of use 0.31 0.17 3.07 1.52 0.66 0.44*
Lifetime dose (tablets) 0.00 0.00 0.37
Last 30 days dose (tablets) -0.15 0.11 -0.28
V4 animalsoxy Ecstasy frequency of use 0.52 0.30 3.58* 2.22 1.00 0.62*
Lifetime dose (tablets) 0.00 0.00 0.46*
Last 30 days dose (tablets) -0.23 0.20 -0.35
V10 animalsoxy Ecstasy frequency of use 0.27 0.10 1.36 0.97 1.48 0.17
Lifetime dose (tablets) 0.00 0.00 0.34
Last 30 days dose (tablets) -0.19 0.30 -0.18
V2 animalsdeoxy Ecstasy frequency of use 0.15 -0.01 1.48 0.25 0.89 0.06
Lifetime dose (tablets) 0.00 0.00 0.44
Last 30 days dose (tablets) 0.03 0.14 0.04
V2 # Sooxwo r Ecstasy frequency of use 0.04 -0.14 0.34 0.30 1.03 0.07
Lifetime dose (tablets) 0.00 0.00 0.22
Last 30 dayslose (tablets) -0.02 0.16 -0.03
V4 1§ Sooxwo r Ecstasy frequency of use 0.52 0.30 1.94 -0.09 0.99 -0.03
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V10

V12

V2

V2i Co

V3

V4

V10

V12

1)

1)

S oXyw @

S oxXyw @

i S 0 deoxy r

=]

=]

womyr d

Cooxwor

Cooxwor

=]

=]

C doxyw @

C 0oxyw @

Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasyfrequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use
Lifetime dose (tablets)
Last 30 days dose (tablets)

Ecstasy frequency of use

0.23

0.31

0.14

0.04

0.27

0.46

0.17

0.25

0.05

0.16

-0.02

-0.14

0.13

0.22

-0.02

0.09

111

0.22

1.38

0.19

3.36

1.53

0.95

0.48

0.00
0.20

-0.42
0.00
0.10

-0.16
0.00
0.00

-0.02
0.00
0.05

0.03
0.00
0.05

1.72
0.00
-0.05

-0.25
0.00
0.27

-0.45
0.00
0.16

0.21

0.00
0.20

1.37
0.00
0.28

1.23
0.00
0.24

1.13
0.00
0.18

1.00
0.00
0.16

0.71
0.00
0.11

1.10
0.00
0.22

1.54
0.00
0.31

1.20

0.42
0.29

-0.08
0.33
0.10

-0.03
0.17
0.00

-0.00
0.44
0.06

0.01
0.14
0.07

0.48*
0.29
-0.09

-0.07
0.33
0.39

-0.08
0.30
0.16

0.04
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Lifetime dose (tablets) 0.00 0.00 0.21
Last 30 days dose (tablets) 0.06 0.23 0.07

*Indicates significance at the .05 level, and ** at the .01 level.
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Abstract QSAGE

Previous research in ecstasy users suggests impairment of various executive functions. In general, the executive function of response inhibition
appears unaffected by ecstasy use. Nonetheless, it remains a possibility that cognitive tasks alone are not sensitive enough to pick up subtle changes
in function. The current study sought to investigate behavioural measures of response inhibition and their electrophysiological correlates in drug users.
Twenty ecstasy polydrug users, 20 non-ecstasy polydrug users and 20 drug naive controls were recruited. Participants completed questionnaires about
their background drug use, sleep quality, fluid intelligence and mood state. Each individual also completed a Go/NoGo response inhibition task whilst
electroencephalography (EEG) measures were recorded. Analysis of variance (ANOVA) revealed that there were no between-group differences on the
behavioural measure of response inhibition. Multivariate analysis of variance (MANOVA) revealed no main effect of group across midline electrodes for
the P3, N2 and P2 components. Univariate ANOVA revealed significant between-group differences in the P2 component with the ecstasy user group
having a significantly higher mean amplitude than drug naive controls at two midline frontal electrodes: at Fz and significantly higher mean amplitude
than both control groups at FCz. The present study provides evidence of atypical early processing in ecstasy users that is suggestive of compensatory

CA Roberts?, S Fairclough?, JE Fisk?, FT Tames? and C Montgomery!

mechanisms ameliorating any behavioural differences.

Keywords
Ecstasy, memory, executive function

Introduction

Use of the recreational drug 3, 4- methylendioxymethampheta-
mine (MDMA; ‘ecstasy’) has remained stable over recent years
despite growing concern about long-term effects of the drug. The
stability in use may reflect a decrease in purity and a rise in the use
of comparable legal highs (non-illicit amphetamine analogues and
psychedelics). However, recent media reports suggest that the
purity of the drug is increasing and with the change in legal status
of legal highs (according to UK law most ecstasy substitutes have
been reclassified as class B illicit drugs), ecstasy remains a public
health concern.

The acute psychological and physiological effects of ecstasy are
primarily caused by serotonin (SHT) and dopamine agonism
amongst other neurotransmitters (McDowell and Kleber, 1994).
During acute regular use it may be expected that ecstasy causes
downregulation of serotonin receptors as seen in animal models (e.g.
Reneman et al., 2002). However, following periods of chronic use
compensatory upregulation of 5-HT,, receptors is seen in the human
brain suggesting an attempt to maintain homeostasis after neurotox-
icity (Di Jorio etal., 2012; Reneman et al., 2002; Urban et al., 2012).
Such neurotoxicity has been observed in several animal studies
(Molliver et al., 1990; Ricaurte et al., 1988), and in humans reduc-
tions in S-HT, S-hydroxyindoleacetic acid (SHIAA), tryptophan
hydroxylase and loss of 5-HT reuptake sites and neuronal transport-
ers are documented (Parrott, 2002). Research has observed 5-HT
system impairments in currently abstinent ecstasy users (Gerra et al.,
2000), with neuroendocrine alterations (responses to cortisol and
prolactin) being attributed to use of MDMA. In addition, several
studies have reported degradation of the serotonin system in absti-
nent users with decreased cortical serotonin binding compared to
nonusers (Erritzoe et al., 2011; Kish et al., 2010; McCann et al.,

2008). Given the involvement of serotonin in the regulation of sev-
eral physiological functions including sleep, mood and cognition, it
is reasonable to postulate that depletion of serotonin in certain brain
regions may account for ecstasy-related disturbances in mood and
cognition (Montgomery et al., 2005a).

Areas that are involved in working memory such as the dorso-
lateral prefrontal cortex are richly innervated with 5-HT recep-
tors: therefore degradation to the serotonergic system via ecstasy
use could lead to deficits in cognitive processes maintained by
these forebrain structures. Significant deficits have been observed
in ecstasy users compared to nonusers in components of working
memory such as visuospatial working memory span (Wareing
et al.,, 2004), access to semantic memory and memory updating
(Fisk et al., 2004; Montgomery et al., 2005b). Furthermore,
ecstasy users perform poorly in information processing tasks
when cognitive demand is high (Wareing et al., 2000). It has been
suggested (Cole et al., 2002) that sleep (among other possible
lifestyle variables), or lack of it, may exacerbate or indeed be
causal of cognitive deficits observed in ecstasy-using
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populations. Furthermore, several characteristics of sleep, such
as sleep quality, length of sleep (hours) and related changes in
alertness have been reported to be altered in ecstasy users relative
to controls (Allen et al., 1993). However such deficits appear to
have little mediating effect on ecstasy-related cognitive deficits
(Montgomery et al., 2010) and more recently Blagrove et al.
(2011) have found no evidence for ecstasy impairing the memory
consolidation phase of sleep.

‘When looking at executive functioning in ecstasy users, some
functions appear to be more affected than others, with the updat-
ing function of the executive being particularly susceptible to
ecstasy use (Montgomery et al., 2005a; Montgomery and Fisk,
2008) along with access to long term memory (Montgomery
et al., 2005a). Inhibitory control and set switching appear to be
more robust to ecstasy-related deficits: however recent research
in ecstasy users suggests that even in the absence of behavioural
differences, ecstasy users may show electrophysiological differ-
ences related to task demands (Burgess et al., 2011). Such para-
doxical effects can be seen in the implicit cognition literature
where heavy drug users can show altered electrophysiological
responses to drug stimuli in the absence of behavioural differ-
ences (Petit et al., 2012). Consequently, participants in previous
studies reporting null results on behavioural measurements may
not necessarily be exhibiting ‘normal’ functioning. The present
study therefore sought to assess response inhibition in ecstasy
users through behavioural and electrophysiological assessments
of performance.

Inhibitory control, or the inhibition of prepotent or dominant
responses, has been assessed in ecstasy users previously. The
Stroop task has been used in several studies to observe whether
ecstasy use affects inhibition performance (Back-Madruga et al.,
2004; Gouzoulis-Mayfrank et al., 2000; Morgan et al., 2002), with
all studies reporting no ecstasy-related impairment. Wareing et al.
(2000) employed random letter generation to assess inhibition in
ecstasy users and did observe performance deficits in ecstasy
users compared to nonusers. However, further studies from the
same laboratory (Fisk et al., 2004) did not replicate this. A review
by Murphy et al. (2009) stipulated that the literature on inhibition
in ecstasy users was unclear, although there is little evidence to
suggest ecstasy-related impairments here. Furthermore, any per-
ceived impairment is often obscured by confounding variables
such as polydrug use and although the use of analysis of covari-
ance (ANCOVA) and regression are usually employed to statisti-
cally control for this, the majority of findings in the literature need
to be interpreted with some degree of caution. Previous studies
using a cued Go/NoGo task with ecstasy users (e.g. Gouzoulis-
Mayfrank et al., 2003), have observed little difference in perfor-
mance on the task between nonusers, moderate users and heavy
users. However, it has been suggested that 5-HT depletion, as well
as impaired executive functions may play a role in inhibitory con-
trol (Morgan, 2006). One study that has been conducted on ecstasy
users with minimal exposure to other drugs (Halpern et al., 2004)
reported that heavy use of MDMA led to notable impairments in
inhibition and impulsivity.

Although much of the research on behavioural tasks assessing
inhibitory control in ecstasy users has provided inconclusive evi-
dence, perhaps such cases where no differences have been observed
can be attributed to compensatory mechanisms. Various mental
strategies could be compensating for the more commonly-used areas
for inhibitory control that result in undetectable differences behav-
iourally. This has been observed i cannabis users previously,

whereby in a task assessing spatial working memory, behavioural
measures indicate that the processes mvolved are intact. However,
analysis of regional brain activity using functional magnetic reso-
nance imaging (fMRI) suggests that there is an increase in activa-
tion in regions usually involved in spatial working memory tasks as
well as additional activation in regions not normally associated with
this type of task (Kanayama et al, 2004). Similarly, Jager
et al. (2006) observed that cannabis users showed alterations to left
superior parietal cortex activity, from analysing fMRI data, despite
equivalent performance to controls on a working memory task. Both
of the preceding studies suggest that drug-related deficits in cogni-
tion could be compensated by differences in brain activity during
performance.

Neuroimaging techniques such as electroencephalography
(EEG) may be useful in providing a clearer indication of possible
alterations of normal cognitive functioning. Indeed, such tech-
niques are used in other clinical samples. For example, in patients
with Alzheimer’s disease, neuroimaging shows that patients exhibit
increases in prefrontal activity in comparison to controls during
executive function tasks. Saykin et al (1998) observed that
Alzheimer’s patients displayed additional activation in frontal
regions which they postulated reflects recruitment of additional
resources from local and remote regions when conducting a seman-
tic memory task. Moreover, Woodard et al. (1998) observed that on
tasks that require rehearsing list information, Alzheimer’s patients
would display a shift in processing resources recruited from more
anterior regions as cognitive load increases. This was interpreted as
recruitment of additional resources due to increased demand on the
frontal cortex. Compensatory reallocation in Alzheimer’s disease
patients was investigated further by Grady et al. (2003). Using
positron emission tomography (PET) they observed that patients
employed a unique network of resources in the DLPFC compared
to controls, which they infer as being evidence for additional/com-
pensatory neural mechanisms being recruited. Such resources facil-
itate performance by supplementing the degraded primary neuronal
pathways involved in executive functioning.

In event related potential (ERP) research, cognitive impairment
is associated with alterations to the P3 amplitude or latency, due to
the P3 being involved in processing of stimuli. Due to the Go/
NoGo task requiring continuous attention to the stimuli in order to
respond to a stimulus (Go) or to withhold/inhibit a response
(NoGo), it is useful for measuring processing and attentional
capacity in ERPs (Smith et al., 2004). The P3 component, although
a significant component in many cognitive tasks due to its involve-
ment in attentional processing, does not appear to have a consistent
role in response inhibition. This is possibly due to this component
occurring relatively late in terms of the stages of processing and
therefore perhaps not in the initial early inhibition processes. The
N2 component is observed to be involved in inhibition as this com-
ponent has been suggested to reflect stimulus discrimination
(Ritter et al., 1982) and is therefore an important measure of
response inhibition. Kok and colleagues (2004) suggest the N2
component shows greater amplitude in trials where inhibition of
response is required (no go) than no inhibition (go) trials. Moreover
amplitude of N2 is more prominent in unsuccessful inhibition tri-
als. The N2 component is associated with errors (i.e. ‘error nega-
tivity’ or Ne), and is sensitive to monitoring errors. This has been
suggested to be a product of activity in medial frontal regions such
as the anterior cingulate (Bekker et al., 2005). The P2 wave can be
observed at anterior and central sites, and elicits a larger response
to simple target features that are relatively infrequent (Luck and
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Hillyard, 1994). This component precedes the N2 and is suggested
to be involved in the initial inhibition from further processing in
target stimuli (Hansen and Hillyard, 1998).

EEG studies in ecstasy users

Differences between ecstasy users and controls have been
observed in P3 components. Casco etal. (2005) observed a reduc-
tion in P3 amplitude in both heavy and moderate ecstasy user
groups compared to controls in visual evoked potentials ( VEPs)
pertaining to a simple discrimination task, though no differences
in latency were observed. However Mejias et al. (2005) report
longer P3 latencies for detection of target stimuli in a visual odd-
ball task, suggesting reduced cognitive processing. De Sola et al.
(2008) assessed the relationship between cognitive function in
ecstasy users and P3 ERPs. Here a more predictable difference
between ecstasy users and healthy controls was observed with
ecstasy users showing a negatively correlated latency in P3s and
semantic word fluency and verbal memory. Furthermore, a
reduced P3 amplitude was also observed in ecstasy polydrug users
compared to non-drug controls and cannabis users, although this
was non-significant. Although, the delayed latency in cognitive
processing was consistent with other behavioural studies of
ecstasy users, the P3 ERPs still fell within the normal range and
thus failed to reflect electrophysiological differences in cognitive
processing. Despite this, sub-clinical deficits are often observed
so further investigation is warranted.

More recently, Burgess et al. (2011) looked at ERPs as evi-
dence for selective impairment of verbal recollection in currently
abstinent recreational MDMA/polydrug users. Interestingly, there
appeared to be no significant differences between ecstasy users,
polydrug controls and drug naive controls on the behavioural
tasks (memory tasks which involved recognition of words and
faces). However, the ecstasy user group showed attenuation of
late positivity over left parietal scalp sites, which is a component
associated with the memory process of recollection. The finding
of ecstasy users showing a durable abnormality in this ERP com-
ponent exemplifies how EEG is a much more sensitive measure of
cognitive impairment than behavioural measures alone. This point
is further elucidated by Nulsen et al. (2011) wherein ecstasy users
displayed alternative patterns of activity in ERPs compared to
drug naive and polydrug controls in short term and working mem-
ory tasks, despite no significant behavioural differences.

The aim of the current study was to observe whether there are
any behavioural or electrophysiological differences between
ecstasy users and controls in a task measuring inhibitory control
{Go/NoGo). In view of the previous literature it is predicted that
any behavioural differences will be negligible, however observa-
ble differences in components of the elicited ERPs are predicted
in line with compensatory mechanisms. More specifically, it is
envisaged that ecstasy polydrug users in particular will differ from
both controls and non-ecstasy polydrug users. As such, this study
aims to characterise the nature of ecstasy’s effects on cognitive
processes involved in inhibition of a response.

Method
Design

In all analyses, the between-groups factor was drug user group
with three levels (ecstasy user, non-ecstasy polydrug user and

drug naive controls). Univariate ANOVA was conducted on the
behavioural data with the composite scores on the Go/NoGo
(NoGo errors) as the dependent variable. ERP data was analysed
using multivariate analysis of variance (MANOVA) with drug
user group as the between-subjects factor and mean amplitude of
the three ERP components at electrode sites Fz (frontal midline),
FCz (frontal central midline), Cz (central midline), CPz (central
posterior midline) and Pz (posterior midline) as the dependent
variables.

Participants

Twenty ecstasy users (mean age=23.95 years, standard deviation
(SD)=2.50, 10=male), 20 non-drug user controls (mean age=23.10
years, SD=2.94, 7=male) and 20 non-ecstasy drug user controls
(mean age=22.58 years, SD=3.45, 9=male) were recruited via
direct approach to university students, and the snowball technique
(Solowij et al., 1992).

For inclusion in the study, participants had to be aged between
18-29 years and not have any neurological impairment. For inclu-
sion in the ecstasy user group, participants had to have taken
ecstasy/MDMA on five or more occasions. Indices of ecstasy use
were as follows: total lifetime dose 177.65 tablets+301.73; mean
amount used in the last 30 days 0.6 tablets+2.26, and frequency of
use 0.24 times/week+0.42. Furthermore, for inclusion in both
control groups participants must have never used ecstasy/MDMA,
however all other illicit substances were permitted for the non-
ecstasy poly drug user control group.

All participants were asked to abstain from consuming ecstasy
for a minimum of seven days prior to testing and urine samples
were collected upon arrival to the lab to be sent away for urinary
analysis of metabolites, to ensure abstinence had occurred.
Participants were also requested to abstain from use of other illicit
drugs for a minimum of 24 h prior to participating and ideally
seven days.

Materials

Several questionnaires were issued to participants upon entering
the lab. These included a background drug use questionnaire,
which provides the researcher with indices of drug use patterns
and other lifestyle variables. In this questionnaire comprehensive
details of ecstasy use as well as other illicit drug use are requested,
such as first and last drug use, patterns of drug use, frequencies
and doses over time. Using a method employed by Montgomery
et al. (2005b), estimates of total lifetime drug use of each drug
were calculated. Totals for last 30 days drug use as well as weekly
drug use estimates were also calculated. This questionnaire also
sought information about health, age, years of education and
changes to mood and cognition amongst other lifestyle variables.

Measures of sleep quality

Several questionnaires investigating sleep quality and alertness
wete employed to investigate any possible relationship between
sleep quality and cognition. These include a sleep quality ques-
tionnaire, exploring typical quantities of sleep (how many hours
slept typically, how many hours over the last three nights) and
level of quality of sleep. The Epworth Sleepiness Scale (ESS;
Johns, 1991), explores the chances of dozing or falling asleep in
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various situations. A high total score here is indicative of increased
subjective daytime sleepiness. The Momingness-Eveningness
Questionnaire (MEQ; Terman et al., 2001) is a self assessment of
morningness-eveningness in human circadian rhythms (originally
developed by Horne and Ostberg, 1976). A high score on this
questionnaire is indicative of a morming type person and a low
score is indicative of an evening type person. Finally the
Karolinska Sleepiness Scale (Akerstedt and Gillberg, 1990), is a
self assessment of sleepiness at the current moment in time, there-
fore this can be administered at different time points of the experi-
ment to assess sleepiness,

State mood

State anxiety, arousal and depression were measured using scales
devised by Fisk and Warr (1996). Participants were required to
rate on a five-point Likert scale from 1=not at all, to 5=extremely,
how they were feeling at the time of testing. A high score on each
subscale indicates increased hedonic tone/anxiety/arousal.

North American Space Agency-Task Load
Index (NASA-TLX, Hart and Staveland, 1988)

This is a multi-dimensional scale, consisting of six sub-scales
(mental demand, physical demand, temporal demand, personal
performance rating, effort and frustration). Participants are
required to place a mark on a 100 mm line, indicating where they
perceive their demand to be on the scale. These are administered
to observe whether there are any differences between ecstasy
users and non users in demand perceived by the participant as it
has been suggested that ecstasy users may be more susceptible to
stress than nonusers (Wetherell et al., 2012).

Inhibitory control

The Go/NoGo task is frequently used in combination with EEG to
assess inhibitory control (Gamma et al., 2005; Kok, 1986; Oddy
and Barry, 2009). Here, in a simplified version of the task partici-
pants are required to ‘Go’ (press the space bar) when an X appears
on the screen: however, they are to inhibit their response ‘“NoGo’,
when any other letter appears (W, Y or Z). The task is designed
such that ‘X appears 75% of the time and the ‘NoGo’ letters
appear only 25% of the time. This is so that the task builds up a
pre-potent response to “Go’. Furthermore, the first block of the task
has X’ appearing 100% of the time, again to build up a pre-potent/
dominant response which participants are required to inhibit. The
task therefore comprises of two blocks; a practise block with 60
‘Go’ trails, followed by an interval and then a larger main block
whereby participants are required to attend to 240 trials (180 Go/
60 NoGo) lasting a total of approximately 15 min. The task has an
inter-trial interval of 1.5 sec and participants had an epoch of 2.5
sec from stimulus onset to respond. Participants were instructed to
respond as quickly and as accurately as possible.

Equipment

EEG was recorded using a 64 channel Biosemi Ag-AgCl active-
two electrode system (Biosemi B.V., Amsterdam, Netherlands)

with pin type electrodes mounted in a stretch-lycra headcap
(Biosemi). Electrodes were positioned according to the interna-
tional 10-20 system. Electrical activity was recorded from the fol-
lowing sites: frontal (FPz, FP1, FP2), anterior-frontal (AFz, AF3,
AF4, AF7, AFS), frontal (Fz, F1, F2, F3, F4, F5, F6, F7, F8), fron-
tocentral (FCz, FC1, FC2, FC3, FC4, FC5, FC6), central (Cz, C1,
C2, C3, C4, C5, C6), temporal (FT7, FT8, T7, T8, TP7, TPS),
parietocentral (CPz, CP1, CP2, CP3, CP4, CP5, CP6), parietal
(Pz, P1, P2, P3, P4, P5, P6, P7, P8, P9, P10), occipitoparietal
(POz, PO3, PO4, PO7, POS) and occipital (Oz, O1, 02, Iz). Sigma
electrolyte gel was used to ensure contact between scalp and elec-
trodes. Vertical and horizontal electro-occulograms (EOGs) were
recorded using bipolar, flat Ag-ACl electrodes positioned above
and below the left eye as well as to the outer side of each eye. Data
was digitised at a sampling rate of 512 Hz and no filters were
applied online so that the data could be visually inspected for
noise and offline filtering could be performed.

Procedure

Testing sessions commenced at 0930 or 1330, and equal numbers
of participants from each condition were tested in the morning as
were in the afternoon. Upon entering the laboratory, participants
were given a brief description of the experiment and written con-
sent was obtained. Following this, participants were required to
give a urine sample. The urine sample was frozen at —25°C and
later transported to the clinical laboratories for analysis. First, par-
ticipants were required to fill out the battery of questionnaires
whilst their head circumference and other details were measured,
and an electrode cap and electrodes were fitted. The question-
naires were administered in the following order: Background drug
use questionnaire, MEQ, sleep quality questionnaire, mood scale,
ESS, Karolinska Sleepiness Scale (pre-test) and fluid intelligence
was assessed using Raven’s Progressive Matrices (Raven et al.,
1998). Following completion of these questionnaires, providing
the EEG setup was correct and actiview running, the computer-
ised task was completed on a desktop computer running Inquisit
version 3.0.6.0 (Millisecond software, 2011). The NASA-TLX
questionnaire was completed after the Go/NoGo task. Upon com-
pletion of the tasks a final KSS (after) was administered. Finally
participants were fully debriefed and paid £20 in store vouchers.
The study was approved by the Ethics Committee of Liverpool
John Moores University, and was administered in accordance with
the ethical guidelines of the British Psychological Society.

EEG analysis

The EEG data was analysed using brain electrical source analysis
(BESA) 5.3 (MEGIS software GmbH, Grifelfing, Germany). All
recordings were visually analysed offline, using high and low pass
filters of 0.1 Hz and 40 Hz respectively. Any channels judged to be
bad (for example noisy data or many motion artefacts) were replaced
by interpolation and all data were EOG-corrected using BESAs pri-
mary cormponents analysis (PCA)-based algorithm. All trials judged
to be bad after this point were discarded. EEG was segmented into
epochs from —500 to 1000 ms from time of stimulus onset. Epochs
were time-averaged by stimulus type so that ERPs for correctly and
incorrectly identified stimuli in each condition of each task (e.g. cor-
rect “Go’ responses, correct ‘NoGo’ responses and incorrect ‘NoGo’
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Figure 1. Topographies at midpoints for each component (P2, N2 and P3).

Shows the topographies for the central point of each component, note that this is from grand averages of each group combined. (a) shows a positivity in the P2 com-
ponent that is clustered around the midline electrodes, (b) shows a negativity in N2 similarly in anterior midline electrodes and (c) shows a strong positivity in the P3
component that has a wide spread of activity that appears to peak at central electrodes.

responses in the Go/NoGo task) could be generated for each indi-
vidual. Only ERPs for correct responses on the *NoGo’ condition
were included in the subsequent analysis. There were 240 trials in
the main block of the task, 60 of which were ‘NoGo" trials. The
mean number of good ‘NoGo’ trials retained for grand averaging per
subject was 51.92 (average of 13.5% rejected trials), after rejecting
incorrect trials (5%) and those containing artefacts (8.5%). Grand
averages were made for each group (ecstasy user, polydrug user and
drug naive) on each task condition (correct *Go’ responses, correct
‘NoGo’ responses). The overall P3 response was defined as the
mean amplitude between 352 and 452 ms. This window was centred
on the positive peak latency and the duration was chosen due to this
epoch containing the majority of positive activity for all conditions
by observing topographic maps (see Figure 1). Midline electrode
activity was obtained in this epoch from electrodes Fz, FCz, Cz, CPz
and Pz, as much of the activity could be observed in these sites as
well as these midline electrodes being commonly used for this task
in the literature (Jonkman 2006; Kato et al., 2009). In addition fur-
ther components were analysed for between-group differences,
including the N2 and P2 components. The N2 (previously observed
to be important in inhibitory control tasks of this type) of subjects in
response to the inhibitory condition, was defined as the mean ampli-
tude 260 and 330 ms, this epoch was based around the mean local
negative peak at midline sites and encompassed the majority of
negative activity over all three conditions. The P2 epoch was
obtained from using a small, 50 ms epoch (200-250 ms) based
around the positive peak from the grand averages of all conditions,
directly preceding the N2.

Urinary analysis

Frozen urine samples were delivered to University Hospital Aintree
(NHS) and were analysed using solid phase extraction (mixed mode
phase) followed by reverse phase high performance liquid chroma-
tography tandem mass spectrometry (HPLC MS/MS) detection
using both positive and negative ion multiple reaction monitoring
(MRM). Urine specimens were tested for the synthetic cannabi-
noids (JWH-018, JWH-073, JWH-250, JWH-398, JWH-122,
JWH-019, AM-694, WIN 48098 and WIN-55212-2), as well as the
‘designer’ drugs ‘mephedrone’, ‘methylone’ (bk-MDMA), or
‘butylone’  (bk-MBDB), or ‘methedrone”  (bk-PMMA),
1-benzylpiperazine, trifluoromethylphenylpiperazine (TFMPP),

meta-Chlorophenylpiperazine (mCPP), and methylenedioxypyrov-
alerone (MDPV). In addition they were tested for a series of 12
piperazine compounds, 4 B-keto amphetamines, a series of 11 meth-
cathinone compounds, 4-fluoroamphetamine, bupropion and the
hallucinogenic amphetamines: DOB (‘bromo-STP” or ‘brolamphet-
amine’), DOC and DOI and ‘traditional’ drugs of abuse:
amphetamine(s) including MDMA, MDA. and MDEA, barbitu-
rates, benzodiazepines, tetrahydrocannabinol (THC), and cannabi-
noids, buprenorphine, cocaine and metabolites, methadone and
metabolites, opiates and opioids (morphine, codeine, dihydroco-
deine, tramadol, d-propoxyphene, oxymorphone and oxycodone),
lysergic acid diethylamide (L.SD), gammahydroxybutyrate (GHB),
(and the lactone precursor), psilocybin, ketamine and
methaqualone.

Statistical analysis

Data were analysed using MANOVA with drug user group as the
between-subjects factor and the mean amplitudes at the five mid-
line electrodes observed (Fz, FCz, Cz, CPz and Pz) as the depend-
ent variables. Any significant effects between groups or electrodes
were further analysed with a Tukey HSD test, to observe pairwise
differences.

Results

Socio-demographic information about the participants, anxiety,
depression and arousal scores from the mood scale and sleep
measures are shown in Table 1. Indices of other drug and alcohol
use are displayed in Table 2.

One way analysis of variance (ANOVA) revealed that there
were no significant between-group differences on measures such
as age, average hours sleep per night, total score on the ESS,
MEQ total score, post test Karolinska Sleepiness Scale, levels of
arousal, depression and anxiety or total score on Ravens
Progressive Matrices. However there were between-group dif-
ferences in the pre-testing Karolinska Sleepiness Scale (i.e. how
sleepy the participants felt before the test battery) F(2, 56)=3.78,
»=0.03, post-hoc Tukey’s test revealed that the ecstasy polydrug
users felt significantly more sleepy prior to testing than the poly-
drug control group (p=0.03) but not the drug naive control

group.
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